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INTRODUCTION TO SECTION V 

Section V contains copies o f  a l l  comments received on the Proposed F ina l  Environmental 
Statement ( incorporated as Section I1 o f  t h i s  F ina l  Environmental Statement) and 

ERDA's rep1 i e s  thereto. These comments, contained i n  eighty-eight l e t t e r s ,  were 
received from Federal, State and loca l  agencies, environmental and pub l i c  i n t e r e s t  
groups, members o f  the academic and i n d u s t r i a l  communities, and ind i v idua l  c i t i zens .  

An index t o  these l e t t e r s  i nd i ca t i ng  the number assigned t o  each l e t t e r  and other  
pe r t i nen t  informat ion i s  provided i n  Table V-1. The l e t t e r s  and r e p l i e s  numbered 

1 through 56 are i n  Volume 2 and the l e t t e r s  and r e p l i e s  numbered 57 through 89 are 
i n  Volume 3.  (One l e t t e r  was withdrawn by the o r ig ina to r . )  
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*This is not a comment letter--it was requested that this material, which is 
included in the Public Hearing Record, May 27-28, 1975, also be attached to the 
Final Environmental Statement; 
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V.57-1 

STATE OF TENNESSEE 

OFFICE OF URBAN AM) FEDERAL AFFAIRS 

PARKWAY TOWERS Buimiwa 

A p r i l  8, 1975 

8um 108 

NASMVILLL St210 6 1  5741-271 4 

Mr . W. H. Pennington 
Assessments E Coordination Officer 
Division of Biomedical E Environmental Research 
U . S. Energy Research E Development Administration 
Washington, D. C .  20545 

RE: Proposed Final EIS (WASH-1535) 
Liquid Metal Fast Breeder Reactor Program 

Dear M r .  Pennington: 

As the designated State Clearinghouse for Federal development programs under 
OMB Ci rcu la r  A-95 guidelines, we have reviewed the proposed f inal environ- 
mental impact statement (EIS) on the above captioned subject program. 

We are  forward ing comments submitted by the Tennessee Wildl i fe Resources 
Agency and the Tennessee Department o f  Public Health, both of whom address' 
specific topics w i th in  their  affected areas o f  expertise. The i r  substantive remarks 
meri t  your  thorough consideration in preparation o f  the f ina l  statement. 

We appreciate the opportunity to rev iew this proposal. We, o r  other rev iewing 
authorit ies, may w ish  to comment fur ther a t  a later time. 

Both th is office and affected regional Clearinghouses w i l l  be active in rev iew of 
site selection, planning, and development of indiv idual  project faci l i t ies w i th in  
the LMFBR program. 

If our  office, as the State Clearinghouse, can be of fur ther assistance, please 
do not hesitate to contact us. . I ~ ab>..# t 

' 'jf 
& L  

I .  

Sincerely,: ' 1 ,  ' 
. , .  _.. 

. I , -  . .  r i  

Stephen H. Nor r i s  
Grant Review C m r d  i na tor 

SHN: rnn 

Enclosures 
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T E N N E S S E E  K I L D L i F E  R E S O U R C E S  A E E P l C Y  

ELLINGTON AGRICULTURAL CENTER 
P 0. BOX 40747 

NASHVILLE,  1 ENNESSEE 37204 
ARVEY B R A Y .  Executivl O I V ~ C C O ~  

OY CI. ANDkRSON. Ass t Lhtector 

Vh-. Stephen H. Norris 
Grint Review Coordinator 
Cfrice of Urban and Federal Affairs 
Sui t e  108 
Pn:-.kway Towers Building 
Nashville, Tennessee 37219 

He: 

Daar Mr. Norris: 

EC's Proposed Fina l  EIS - Liquid Metal Fast Breeder Reactor Program - 

We have reviewed AEc's Proposed Fina l  Environmental Statement concerning 
the  Liquid Metal Fas t  Breeder Reactor Program (IMFBR). 

Dsscrip t ion of Program 

TR-~S seven-volume EIS descr ibes  a nat iona l  program f o r  establishment of a 
vl-Sle commercial breeder reac tor  opt ion f o r  e l e c t r i c i t y  generation by the  
e a r l y  1990's. 
N? i;r Breeder Reactor at Oak Ridge, Tennessee. 
terist ics tha t  relate d i r e c t l y  or i nd i r ec t ly  t o  f i s h  and w i l d l i f e  i n t e re s t s :  

It is not spec i f i c  t o  the  proposed demonstration Clinch 
The following are charac- 

1. P i l o t  breeder reac tors  have been operated at: Los Alamos, N. M. 
from 1945 to 1953 and from 1961 t o  1964, Idaho from 1951 to 1955, 
ha'pona Beach, Michigan from 1963 t o  1966 and from 1970 to  1972. 
Other i n d u s t r i a l  nat ions have given highest p r i o r i t y  t o  t h e i r  own 
n3t ional  breeder reac tor  programs (pp. 1.1-1, 1.1-2, 2.2-10) * 

The LMFBR can u t i l i z e  more than 6C% of the  energy i n  uranium, 
iuc ludi rq  depleted uranium. 
po ten t i a l ly  ava i lab le  i n  uranium by conventional l i g h t  water nuclear 
r eac to r s  (p. I.I-I)- 

T i e  LWBR has a thermal eff ic iency of about 40% compared t o  33% fop 
trie light water r eac to r  (LWR). 
lover thennal po l lu t ion  po ten t i a l  fo r  the LMFBR (p. 4-2-55. 4.2-56). 
Project ions ind ica te  a 20$ d i f f e r e n t i a l  i n  waste heat  diocharge i n  
the y e a r  2020 without the W B H  (p. 7.9-2). 

2 .  
This compares t o  1 to 2$ of t he  energy 

3. 
This r e s u l t s  i n  a proport ional ly  

n 
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4. 

5. 

6 .  

7-  

a. 

9.  

The WBR converts excess neutrons t o  more uranium and plutonium 
than is u t i l i z e d  f o r  both LWR's and LMFBR's. Without t he  LMFBR, 
t h e  u t i l i t y  industry would have t o  give consideration t o  phasing 
ou t  construction of new LWR's by the 1 9 9 0 ' s  (p. 1.6-6) .  It is a 
goal of t h e  LMFBR program t o  provide enough f i s s i l e  mater ia l  f o r  
a l l  nuclear p l a n t s  by the  e a r l y  21st Century (p. 3.1-1). 

Plutonium provides t h e  following unusual r i s k  features:  
q u a n t i t i e s  w i l l  be produced, and t o x i c i t y  t o  experimental animals 
is w e l l  i l l u s t r a t e d  (p. 11. G-51). 
f o r  over a hundred thousand years  (p. 4.7-1). 

large 

Radioactive ha l f - l i ves  las t  

All  plutonium and a l l  s i g n i f i c a n t  amounts of transuranic compounds 
t h a t  a r e  t o  be dispersed i n t o  the environment w i l l  be re leased 
i n t o  t h e  atmosphere v i a  stacks,  
water are considered mostly inconsequential due t o  the  low s o l u b i l i t y  
of most transuranic compounds (p. 4.7-6). 
r e l eases  (or from f a l l o u t  plutonium) is  projected t o  be t o t a l l y  
obscured by nuch larger sources i n  na tu ra l  background r ad ia t ion  
(p.  4-7-13). 

The only radioact ive waste expected t o  be carr ied off i n  cooling 
water i s  t r i t i um (p. 4.2-55). 
(152,000 cur i e  pe r  year) is expected t o  be released as a coolant 
impurity (p. 4-4-43). 
methods could reduce t h i s  emission r 3 t e  by a f ac to r  of 1,OOO 

Fract ions t h a t  nay released t o  

Any e f f e c t s  from LMFBR 

About g@ of avai lable  t r i t i u m  

The use of water recycle and r e t en t ion  

(p. 4.4-45). 

The uranium dioxide sect ion of the f u e l  f ab r i ca t ion  p l an t  w i l l  
have r e l eases  of  radioactive mater ia ls  i n  t h e i r  l i q u i d  eff luents .  
Annual r e l eases  of s i x  isotopes of plutonium w i l l  vary from 0.28 
(Pu-236) t o  73,000 (Pu-241) micro-curies. Annual releases of 
f i v e  i m t o p e s  of uranium w i l l  be released a t  rates varying from 
0.0076 (U-232) t o  240,090 (u-238) micro-curies (p. 4-3-40). 

Assuming a person eats about one pound of  f i s h  pe r  month (from 
below a f u e l  f ab r i ca t ion  p l a n t ) ,  his t o t a l  body dose of radio- 
a c t i v e  mater ia l  would b? 0.0017 millirem per  year, of which about 
86% would be uranium - 238 (p. 4.3-68). 
t o t a l  body dose from a l l  exposwe routes  would be 0.059 m i l l i r e m  
per  year, which is  about the sane dose r e s u l t i n g  from t e l e v i s i o n  
viewing, which is 0.1 m i l l i r e m  per year (p. 4-3-69), 

The maximum individual  

Corn.nent s 

\u'e f a i l  t o  f ind a descr ipt ion of tritium nor do we f ind a desc r ip t ion  of its 
environmental impact except t ha t  "the magnitude of t he  need to  c o n t r o l  tritium 
ic open t o  argument" (p .  4.4-45). We understand froni other  references t h a t  



v.57-4 

Mr. Stephen H, Norris 
Page - 3 
A p r i l  7, 1975 

t r i t i u m :  
(2) is found i n  inf in i tes imal  quan t i t i e s  i n  nature,  (3)  is radioact ive,  and 
(4) has a ha l f - l i f e  of 12.5 years. We recommend fu r the r  research i n t o  the  
environmental. impact of  tritium and t h a t  re leases  be subs t an t i a l ly  reduced 
at  l e a s t  u n t i l  questions of its detrimental  impact can be resolved. 

We conclude that, unless fur ther  detrimental  e f f e c t s  of tritium are discovered, 
there  would be l i t t l e l i k e l i h o o d o f  harmful e f f ec t  on f i s h  and wi ld l i f e  from 
the normal operation of a LMFBR. However, even though. severa l  containment 
systems are avai lab le  i n  the  event of an accident (Section 4.2.7) s ign i f i can t  
accidental  r e l eases  of radioact ive mater ia l  could contaminate e n t i r e  r i v e r  
systems fo r  many years. 
be taken in:  p l an t  design, p lan t  operation, t ranspor ta t ion  of rad ioac t ive  
materials,  waste disposal ,  monitoring, and espec ia l ly  i n  avoidance of  human 
error.  

We appreciate t h i s  opportunity f o r  comment on t h i s  important program. 

(1) is an isotope of hydrogen, having an atomic weight of 3 (H-3), 

We, therefore ,  urge tha t  the utmost s a fe ty  precautioIis 

Sincerely , 

Tennessee Wildl i fe  Resources Agency 

RMH/se 

cc: .Mr. Reid Tatm 
Mr- Harold H u r s t  
Mr .  Hudson Nichols 
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S T A T E  O F  T E N N E S S E E  

DEPARTMENT O F  P U B L I C  HEALTH 

N A S I I V I L L E  3 7 2 1 9  

April 8, 1975 

M r  . Stephen H. Norris,  Grant Review Coordinator 
Office of Urban and Federal Affairs 
Parkway Towers Building, Suite 108 
Nashville, Tennessee 37219 

Re: Proposed Final Environmental Statement (WASH-l535), Liquid Metal 
Fast Breather Reactor Program, ERDA 

Dear M r  . Norris: 

In response to your memorandum of February 19. 1975, staff of our Divisions 
have reviewed the above referenced project and attached are  their comments. 

W e  urge  the Energy Resource and Development Administration to take note 
cjf the concerns expressed by the divisional comments. We would be very interested 
in  receiving replies to these comments from the responsible agency. 

Thank you for the opportunity to comment on this project. 

very truly yours ,  

C .  Ron Culberson 
Bureau of Environmental Health Services 

CRC/TA/ccd 2-5 

P.S. The infomation the April 8 ,  1975, mn-arxdm fm C.F. Weam, 

Since this office f e l t  the canirlents were 

Division of O c v t i M  and Radialogical H e a l t h ,  w a s  originally 
st.Phttt%I by t b k  otfice as catrprwts on the C l i n c h  River B r e e d e r  
Reactar in Aqllst 1974. 
pertinent as they pertained to the Clinch River Breede r  Reactor, they 
would also be of interest i n  a general way in regard to this program. 
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D i v i s i o n  of Water Quality Control 

The Energy Researdi and Development Mministration (U??A) has invi tcd thc 

Tennesset: kpartment of Public Health, Division of Water Quality Control t o  ccmcnt 

on tlie proposed Enviromental Jnpact Statement of the Liquid ?Ictal Fast Ereeder 

Reactor Program (IMFBR). This statement is i n  compliance riith t h i s  request. 

The reactor is called liquid metal because of the molten sodium used t o  cool 

the reactor core, and fast breeder becausc of the use of high efiergy (fast)  

i n  the reaction process rather than low energy neutrons. 

i s  to be removed by the molten sodium flowing through the core of t he  reactor. This 

sodium is violently reactive wid> a i r  and water. 

intensely radioactive material heated t o  approximately 10000F. 

transfers the heat t o  the steam generator. Water is not used as a primary coolant 

i n  breeder reactors because it would reduce the temperature below levels necessary 

to  maintain the breeder reaction. 

ccndenser cooling process, necessitating the location of breeder plants adjacent 

t o  an adequate water supply. 

rcutrons 

The tremendous heat flux 

It enierges from the core as ar! 

The molten sodium 

However, water i s  used i r ;  large volumes i n  the 

The energy conversion process is extremely inefficient,  

and results i n  the loss of heat which is dissipated mainly t o  the aquatic 

environment. 

One of the primary purposes for  proposing PhFBRs is that by using 1J-238 and 

plutonium, larger amounts of plutonium are formed as procluucts of the reaction than 

were originally included i n  the in i t i a l  core composition, hence tlie name "breeder" 

reactor. 

from U.S. weapon stochpiles i n  addition to  other sources. 

is that by tfi is method the plutonium bred i n  these reactors greatly extends the 

present uranium supply. 

Large supplies of U-238 are presently available f o r  use i n  the program 

The long range assumption 

The reactor as discussed above is only par t  of the civerall sclmte oE the 

IJIFBK promam. ?'he fuel cycle involves many facets including fuel fa3:ication 

r 
I 
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plants, trimsportation systems, fuel rcyrocessing p l a n t s ,  and wastc management 

f: tctl i t ics.  N1 these systems of the fuel cycle present their  own uniqiie 

ciivironsicntal impacts. 

?he fuel fabrication plants manufacture fuel pins and blanket pins and 

readies thcse asserblies for tlic reactor. The fuel reprocessing plant i s  cnnccrncd 

with the recovery of unspent core matcrial and newly formed fuel. Mstc  maragwent 

includes burial  of low level wastes, and a t  the present Retrievable Surface Storage 

of high level wastes. 

portation systems are used i n  the movement of fuel and wastes between the different 

points  i n  the fuel cycle. 

Wastes w i l l  occur a t  a l l  levels of thc fuel cycle. Trans- 

Reactor Impact 

Primary aquatic environmental impacts w i l l  occur a s  a result of die discharges 

of heated water and liquid wastes. 

normal operating conditions t o  the environment. 

material may occur as a result of equipment failure,  natural disasters,  and acts 

of war or sabotage. 

Low level radioactive wastes escape under the 

Spi l ls  of high level radloactive 

As previously stated, UlFBRs require large volumes of water. 'Illis dictates 

that  the reactor be located where there is an adequate supply. 

\$'ash 1535 such intake systems resul t  i n  large numbers of aquatic biota  being 

entrapped and killed.  The statement has l i t t l e  that can be taken issue with 

since it, i n  essense, says that the impact w i l l  vary from s i t e  t o  site. 

a r t i f i c i a l  lakes and reservoirs are already i n  a s t a t e  of biological irbalance 

and further change could create irreversible ecological problems. 

the goal of this program to  employ best available methods of water rmMgem3nt; 

e-g. ,  dry cooling systems, t o  minimize water usage. The loss due t o  the intake 

system should be evaluated on a s i t e  by s i t e  basis by qualified aquatic and f isher ies  

biologists. 

0veraZI environmental impact. 

I t  is stated i n  

hiany 

It should be 

These determinations should be included i n  the assessment of the 
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Chen-ical Disdiargc ---- - 
In section 8.2.1.2 it is stated that 'The cffects of tliese chanical tlischarp,cs 

(chemicals .acldd to  the cooling water t o  control biologj.ca1 anJ chemical foul i 111;) 

on plant and animal l i fe  are expected to  be minimal." This statement does r,ot 

give any actual evaluation of anticipated damage. Mininlal d m g e  is a \-my 

nebulous tern1 and is far too vague. 

Chlorine is an important biocide and anti-fouling agent that  w i i l  'oc wxl 

i n  tb i s  program. Regardless of the form that  the chlorine occurs in,  i . e . ,  f rec  

chlorine or chloramines, there is a similar toxicity. 

sahoides)  fingerlings have a T h  value of 0.03 mg/L.l 

Largemouth bass @licraptems 

nrungs determined Ithat the 

T h  value for  rainbow trout (Salmo gairdneri) fry was 0.006 mg/L. From his long 

term studies he recommends i n  stream concentrations of C12 should not exceed 0.002 

,?.g/~ t o  protect most aquatic life.' The proposed programs environmental report 

states  that 17 metric tons of chlorine w i l l  be released t o  the environment from each 

lOOObCVe breeder plant annually. Slioulcl i n  stream levels exceed 0.002 mg/L significant 

damage t o  the aquatic biota  w i l l  occur. Gross over-chlorination occurs from using 

the ortho- tolidine method of deterninat ions, hence more sophi stocated and acc~~t-a te 

mthocls should be used. 

available minimize the toxic effects  of tire chlorine. 

be-stream dechkPrination practices tha t  are currently 

Other anti-fouling agents which may be used are acroelin, sulfur ic  acid, 

chromites, quaternary monium compounds, zinc phosphates, and other less  significant 

s ~ h s t a n c e s . ~  The impact of additional chemicals j n  blowdam sill need to be studied 

on a plant by plant basis. 

of the impact of the ent i re  UFBR Program. 

But this should not be overlooked in any assessment. 

From cooling tower blowdams, significant concentrations of dissolved solids 

(sodium, calcium, chlorides, and other ions) are discharged to surface streams. 

I:: those water bodies used for domestic o r  industrial water supplics, u1i~ccepta1~l.c 

dissolved sol ids  conccntrations (above 500 mg/L) may be c~t~secl. This f x t  

alone may he prohjb,itivt? t o  the loccltjoa of hTCe<2er reactors i n  mny lccx+'  c LCIIS . 



v. 57-9 

(4) 

i leatcd I)i scliargc 

The relcasc of heat (thennnl polliltion) to the enviornmcnt is  a prob3.cn of 

tremendous’proportions, with a potential for even nuch greater impact than 

currently exists. 

be expected t o  be lethal t o  most of the indigenous aquatic population. 

it must be realized that sudden elevations or depressions in  temperature iiill 

produce severe strcss t o  the biota. 

H-2 ,  changes i n  tcmperature a t  the outfal l  of once through cooling systems (the use 

of vhich has not been ruled out for  the breeder progam) of 150F t o  309: w i l l  not 

be uncommon i n  m y  body of water. This type system can only lead to vast damage 

t o  the entire biocoenosis. 

Tennessee Water Qmlity Standard and shwld never be permitted. 

Untler optimum conditions the projected hcat rcleaccs would r:ot 

However, 

J3y PE’s own admission in  Volunle 11,  append^ 11, 

Changes and effects of t h i s  magnitude grossly violate 

I t  cannot be assumed that there w i l l  be no adverse environmental impact, 

even from small increments of heat increase. I t  should be noted that these more 

subtle heat changes have the potential for equally adverse effects  over a lcnger 

time. Such effects may incltde: 

Increased susceptibil i ty t o  predation. 

rainbow trout indicate t h a t  thermally shocked juveniles were 

selectively preyed upon by larger fishes.l  

Early emergence of insects. Below the Hanford Washington Reactor 

it was noted that w i t h  one degree of temperature increase, Hjdro- 

psychid caddis flies emerged two weeks earlier than the upstream 

poptilation.5 Unfavorable t e r r e s t r i a l  conditions during t h i s  early 

arergence could prove f a t a l  t o  them during th i s  c r i t i c a l  stage 

of the i r  l i fe  cycle. 

Unseasonable hatching of f i s h  eggs. 

and qHiwning are highly toml~ernturo-depei~dent . Prmturu 

Laboratory studies of 

Fish gol.Lrldal development 

http://prob3.cn
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s p \ i ~ i i n g  of m y  f ish specics as a result  of twatcd watcr discharj;cs 

mny put tlic laival devcloprncnt out of palise \\ith the development 

of the normal food supply. 

even s l ight ly  warmer than ‘ambient i n  a spawning area nay eventually 

l e d  t o  the elimination of a species.‘ 

Lowered resistance is conducive t o  f i sh  diseases and parasite 

infestation. 

was attributed to temperature elevations. 

Elimination of a cold period necessary for  diapause in  certain 

insects’ l i fe  cycles. 

some species of aquatic insects t o  complete their  development. 

Contributes to eutrophication. Tile growing season for  aquatic 

nuisance organisms w i l l  be extended, thus adding t o  the already 

serious problem of eutrophication. 

Species substitution. 

w i l l  change accordingly, almost exclusively with the substitutioii 

Cy this mechanism, k:atcr-tcmperaturcs 
b 

An outbreak of Columnaris on Center I T i l l  Reservoir 

7 

An extended cold period is necessary €or 

As conditions change, the f i sh  population 

of less desirable non-game species. A s  the temperature is elevatcd 

and maintained, conditions will become more favorable for  bluegreen 

algae t o  replace green algae and diatoms. 

are undesirable because: 

and odor problems for damstream water supplies, t h u s  adding t o  the 

Concentrations of bluegreens 

(1) They produce blooms and may create taste 

cost  of treatment. 

a f t e r  the added treatment; (2) Increase the ra te  of eutrophication 

since some bluegreens are  nitrogen-fixers; (3) Some are toxic t o  

f i sh  and other aninials; (4) They are. not desirable as a food for  other 

aquatic organisms. 

Insect conorxmities w i l l  become less diverse with greater numbers of less 

dcsirable species o-” sqmpulating. 

They nay resul t  i n  an unpatarable watcr even 
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1ncrc:isc thc concciitrntion of lo\:r-lcvel radionuclides i n  311 (i) 

canponcnts of the foal clrnin tha t  iirc present. 

increase the solubili ty of radionuclides. 

Increasc the toxicity of matcrizls that  are already prcscnt i n  

the mtercourse by increasing the rate  of the chcmica1 reaction. 

I:levztcul t c r i i j i c i ~ t ~ ! ~ ~  

(j) 

Sanitary Wastes - 
SnniTary w'utcs will be generatcd from each fac i l i ty .  Secor&ilaly trc:itr::nt 

h a s  been proposed as an adequate level of treament for these wastes. Tertiary 

treatment would further reduce such parameters as B.O.D., solids,  and bacterial  

counts. 

water courses bbere reactors w i l l  be placed. 

concentrated i n  the biota of biological treatment systems and also i n  the sludge. 

Should normal operati on of the plant be disrupted, concentrated radioactive material 

inay be discharged with the biological mass re tuned  to the receiving body of water. 

7hidcened sludge nlay be disposed of by burning o r  off s i t e  disposal. Burning would 

release these radionuclides to the atmcspliere. 

create cont<aminated areas and add to the overall environmental burden of radio- 

active material. 

This level of treatment 'nay be nccessary to  prevent eutrophication in  sone 

Low level radionuclides may be 

Terrestrial  disposal could a l so  

Padiological - Wastes 

In addition t c  the components of blowdam and sanitary wastes, the effluent 

from each f ac i l i t y  w i l l  contain varying concentrations of low-level radionuclides. 

In Section 8 . 2 . 1 . 2  it is stated tlnt "this s l ight ly  contaminated water (that is 

used t o  di lute  and disperse tritium) w i l l  be the only radioactive l iquid discharged 

from the UFBR power plant." Fiowever, i n  table 9.1-6 it is  noted that four  isotopcs 

of plutonium and other actinides w i l l  be  released in  the liquid effluent. 

additions t o  this list @ut not included) are isotopes of srrontium, iodiiie, and 

cesium, and possibly others, whidi would be introduced directly to  the st ' -em. 

arc hown areas now below nuclear f ac i l i t i e s  where radioactjvity i n  t l i ~  

Obvious 

There 

diment 
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' h e  effect of the combined low level radioactive ws tc s  was asscsscd i n  tllc 

tXfI 1535 report by using the "Ycar 2000 Study." 

puhlic health hazard which would just i fy  a delay or  cancellation of the pr'Tcg:r;im 

exists.  

from routine releases of nuclear fac i l i t i es .  

m y  not be a reliable indication of the conditions i n  the year 2000. 

9.1.3.1 a statement of one of the reviewers of the draf t  says, "Studies of th i s  ty re  

are unprovable a t  one end; d i f f icu l t  t o  disprove for  uose  without access t o  large 

computers, misleading to  the uninformed, and most l ikely incorrect a t  the other crld." 

Additional research into radiation effects on wan m y  invalidate ary conclu-' >lorn 

I t  wzs concludctl t h a t  no s jp i f ican t  

"The 2000 Study" considerecl 45 possible pathways t o  human radiation exposure 

It should be r c c o p i z d  t h a t  the stid)- 

Xn section 

drawn from this study. Areas of current concern may include: 

The effect  of tritium as a resul t  of i ts  inclusion in to  the DNA 

molecule. 

(b) Resolution of the controversy over the "hot particle" themry. 

(c) Greater movement of plutonium than has been previously thought. For 

(a) 

omxple, recent Battele Northwest Laboratory studies have indicateJ 

that  plutonium decay products may be soluble and are  subject t o  long 

range transport. 

Certain new information concerning transport systems and inclusion of 

radionuclides into the food chain w i l l  i n  a l l  probability bring t o  light. 

risks t o  man not cavered by the "Year 2000 Study." 

(d) 

Practically a l l  of the information on the cycling and concentration of 

radionuclides i n  the food web have resulted front AEC sponsored research. 

been the conclusion of researchers at ORNL that  although the primary producers 

(algae, etc.) i n  the aquatic eni&aunent appear t o  be the greatest concentrators 

of radionuclides. 

higher levels of the f o d  chain. 

scient i f ic  community. 

It has 

They see a decline in  rate of concc$n:ntration of radionuclides at: 

This decrease is not recognized generally in  the 

Radiunuc1idc.s would not be expected to  f o l l ~ w  a specific 

n 
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pattern, aid thcrc is iiiuch to  learn about their  pathways i n t o  tlle Iood weh. 

lesson i n  this regard should be tlic novcment of mercury in  the € o d  chain. Ihset? 

on a11 avajdtlble informtion unt i l  the 1960's, the scient i f ic  conmiunity I,l,XK t h a t  

niercury could fiot be concentrated into the € o d  chain. 

mercury c w u n c l s ,  which are readily transferable between trophic lcvels i ias mndc 

a f te r  ciiscovery of high levels of i ,-cury in organisms zt the top of the food chain. 

Other examples are the concentrations of D T  and m's, both of which Pme be-n Tiell 

documented. 

A 

Later discovery of organic 

Other methods of radioactive contamination of the receiving strcam wj11 include 

s i t e  drainage from rainfall, non-routine releases fromradioactive clean-up 

procedures, and accidental sp i l l s .  

a i r ,  buildings, parking lo t s ,  and yard areas in the imnediate vicini ty  of the plant 

carrying away particles which have been airborne and are deposited as f a l l  out 

material. 

Ranifall will act as a cleansing agent on tlie 

Non routine releases from clean-up might incltide wash water or d i s t i l l a t e  

from intennediate act ivi ty  clean up areas. and could potentially add considerable 

concentrations of radionuclides t o  the effluent,  Accidental s p i l l s  do occur from 

alnost every aspect of the handling of the radioactive material in the plant. A l l  

of these add t o  the burden of radionuclides i n  the aquatic environment. 

"The Y e a r  2000 Study" may be overly conservative i n  predicting dose level that 

the public may be exposed to. The release of radionuclides from the reactor alone 

has tlie potential of creating serious hazards t o  the health of large segments of 

the population. 

be more carefully weighed against these potential environmental impacts. 

It is felt that benefits from electr ical  power generation should 

Water Usages 

?he effect of an IMFBR on water usage can also significantly reduce the benefits  

derived from the program and the benefits realized by other water users. blunicipal 

mid industricll users m y  Bxperionce an increase i n  the cost of water truatment i n  

part  as n resul t  of chemical concentrations in  blowdam water t o  m k e  it suitahlc 
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'hey i u y  ~ i l s o  cxpericnce periods. of intcrniptcd as I*otli pot:lI)lc ancl process Itatcr. 

scrvicc JLW to shut JOWS C ~ U S C ~  by accidental s p i l l s  o r  dlmps of radioactive 

mtcrinls from fac i l i t i e s  a t  upstrc'm locations, as has been thc case i n  Bigland 

i n  recent years. 

t h a t  of agriculture a t  points downstream from these fac i l i t i es .  

and i r r igat ion m y  be lost  due t o  the buil$ up of low level radionuclides in  

ca t t l e  or ' so i l  as a resul t  of routine releases or mergency interrupt i n ~ s  fqllo\.;in:t 

accidental sp i l l s  fiwn the LWBK fac i l i ty .  

Another potential water usage loss of great economic concern is  

Livestock watering 

Recreational uses of downstream waters could also suffer cociparable declines. 

?he uptake and coricentration of the low level radionuclides in  aquatic life, especially 

fisii,  could render the f i sh  unfit for I1unan consumption, and as a resul t ,  essentially 

SIZE down that portion of the rccreational uses of the thxters. 

such as s x h i n g ,  skiing, and scuba diving could become unsafe, especially i f  

accidental sp i l l s  should occur. 

animals which feed on aquatic organisms including f i sh  and fresh water clams, w i l l  

also be affected by buildups of radionuclides that may be passed t o  mm front game 

aninals taken as food. by hunters. 

Contact recreation 

Wildlife watering from downstream areas and 

Another area of great cancern t o  the Division of Water Wal i ty  Control is 

In many areas growd water contamination in  the vicini ty  of nuclear reactors. 

waters downstream from these reactors could act as sources for  recharging hearby 

ground water supplies. 

rock are m t a b l e  or  where limestone makes up the surrounding matrix. 

of radioactive material that  have or w i l l  reach the biosidiere from leaching and 

This may happen via solution channels where the s t r a t a  of' 

The amo1int.s 

uptake by plant rocvks, earthworm, and burrowing insect larvae from radioactive 

&$lls are  not well known. 

contribute t o  the cont-imination of major rivers.* 

f rm discharges o€  low level radioactive wastes i n  the gromcl rather thm fi,m sp i l l s  

R a i n  Fall scrubs the a triosphere and ground ancl carries raclionuclidcs into the groimd 

vatcr. 

Some nuclear f ac i l i t i e s  are  known to significantly 

This is thought t o  resul t  

Leakage of 1ij;Ihly radioactive materials from waste storage fact '  i t i es  on 
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the rcnct.or s i tc  corilcl also posc :I scrioils problcm Tor groirnd water users i n  the 

area. 

liquid from pc'rietrating the groiiricl. 

they cormlitfate the liquid wastes into 3 solid foim, but after 39 ycarr; thcy s t i l l  

have not consoliclated these wastes. 

s t i l l  occurs. 

i n  trenches. 

reaction from plutonium buried there. 

radioactive . 

So!ne Iiidcrri iiuclear stor.age areas have catch-dj scs .to keep tiic racli.oactive 

Tlie AEC says this  will riot be a problem I ~ I X R  

A t  I-lanford, \!lashington, leakage j.nto thc  ground 

Some of the radioactive wastes are currently being buried in  the ground 

In one of these trenches, the AEC is worried about a nuclear chain 

Ground water in some places i s  sj,mi€icantly 

9 

In  many parts of the country wells are used as water supplies for  numerotis 

purposes, including potable water. 

a population of 623,500 obtains i t s  entire domestic water supply from wells. 

of groundwater sources would be extrerncly detrimental t o  a large segment of our 

population, both economically and from a health standpoint. 

water usage m5t. be taken into account and carefully evaluated as 3n important 

p r t  of the value of the overall UFRR Program as  opposed t o  the hazarc?s and d a m p  

??!at the program can render. 

range resu1.t~ from demonstration LMFBR plants a re  projected t o  the year 2,000 with 

H i 3  nuclear p l a i t s  i n  the U.S. as a goal. 

in the  plnnning stage for Tennessee. 

For example, the c i t y  of Llemphis, Tennessee, with 

Loss 

A l l  these aspects of 

"lie eva1.ution becomes more c r i t i c a l  when the long 

Some 19 nuclear plants are presently 

h!oni toring --. -- 
The WASH 1535 report deals with the monitoring program associated with the 

rzactors i n  a very bricf non-commital statement! 

pcIp"s"1; i.e., pre-operational and operational. 

c.rp13ined. 

:i giiide f a r  assessing clmges. 

use i n  p'oving that thcre will be no diimages. 

clarification of dio j~c tges  these cliangcs t o  be acccptablc OT rmaccepta!,!e is not 

Two phases of monitoring arc 

The reasons f o r  each phase is 

-_--__ 

The basic rwsons involve the gathering oE baseline &it3 i n  order to  have 

?his includes those that are unacceptable, arid for 

Definitio:i of unacceptable changes and 
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mentioned. In addition to these two phases. we would rccom.cnd a tJiirc1 phase, post- 

operational. blonitorinfi should be carried on for a period of t@e a f t e r  the  treeLv.er 

has been closed'at the end of its 30-41! year l i f e  expectmcy. ' 

There are several deficiencies in  the proposer! UFER nonitoring program. 

Areas considered to  be inadequate include tlie follaging: 

(a) 

(b) 

(c) Frequency of sampling. 

(d) Parameters t o  be monitored. 

(e) 

Failure t o  explain reasons for  choice of sampling stations.  

Duration of intensive monitoring progrm. 

Sampling techniques t o  be followed and analytical metlids that 
w i l l  be wed for  evaluations. 

(f)  Level of training for  the persons carrying out the monitoring program. 

(g) Wlio w i l l  s i t  in  judgment of the findings from the monitoring program. 

t i a ~  the overall effect from the IMBR program w i l l  be monitored and 
evaluated. 

Too many aspects of the monitoring program were lef t  unexplained. For example, 

there was 110 mention of w h a t  type of aquatic sampling stations would be selected. 

I t  is assumed that they intend t o  monitor, a t  least t o  some degree, tlie receiving 

waters, but l i t t l e  attention is given t o  the ground water (wells) monitoring. 

report relies on models t o  anticipate concentrations of radionuclides i n  the environ- 

ment. Models are dependent on current information. 

iiater supplies is limited. 

kould bet ter  be served by including additional monitoring stations other than those 

in  the  inmediate vicinity of the reactor where problems are expected. 

obvious that no damage w i l l  be found i f  assumptions are made t ha t  no damage w i l l  

cccur, and monitoring of an area is omitted. 

nut be noticed unt i l  they have already caused serious damage. 

The 

Current understanding of ground 

It would appear that the public's safety and interest  

I t  is a l l  too 

Problems approached in  t h i s  manner w i l l  

n It  was stated i n  the report that monitoring w i l l  be most intensive i n  the f i r s t  

two or three years of operation. 

\,;.iter Quality Control is the long range effcxts of routinely r e l e a s d  rxlionuclides. 

One of the primary concerns of the Division of 
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Inteilsivc iiioriitoring should contiiiue tlirougliout tlie l i f e  of tlte plant aid af tc r  

it t)econc< inopcrativc! t o  protcct the public. 

cionitoring of IJFMZS caivlot be over emphasized due to  the l i f e  span and hipJ1r.y 

toxic nature of sone of their  wastes. 

treatrrcnt of tliese wastes or even for safely storing thein. PU-1.39 has 3 l i f e  

llie sigiificancc oE l m g  1-a: i,.. 

To date there is no satisfactcry method or 

of 250,000 years, or  roughly 11 times the span of time from the Keanclerthal IWJI t o  

the present. “liere w i l l  be sufficicnt quantities of plutonium in  one 

(theoretically) properly aerosolecl and distributed to cause l i n g  caiicer in  e\ cry 

person on earth. 

reactor i f  

10 

It  becomes obvious that i n ‘ a  program of tliis magnitude, both State m d  redera1 

agoncies w i l l  be involved i n  the monitoring of these f ac i l i t i e s .  

seem logical that  these agencies, particularly those involved with environmental 

coiitrols, should judge the effects of individual reactors. 

the taxpayers as a resul t  of their  inwlvement i n  th i s  program should be considered 

as an increase i n  the cost of the UFBR, and hence, become an integral  pa r t  of any 

I t  wwld also 

The additional cost  to  

calculation of cost/benefit ratios. 

No attention was given in thc statement t o  a comprehensive monitoring system t o  

evaluate the effects  to  the environment nationwide from IMFBW. 

a seri’ow omission i n  view of the projected 800 reactors (including LWRS) for the 

U.S. by the year 2000. I t  w i l l  be necessary t o  link a l l  of the facilities of the 

IiE’I3RP into an additional monitoring program since the \WX 1535 report is a statement 

on the environmental impact of the prop,ram as a whole. 

This appears t o  h e  

- Fuel Fabrication 

According t o  the estimate i n  W H  1535, twenty-eight fuel fabrication plants 

wi l l  be needed t o  supply the W B R  fuel cycle. There are two npjor proccssos 

Ilw~lved in fuel fabrication, consisting of mixed oxide formtion (UOZ - h O Z )  aid 

wunium mide formation (UOz). No mixod oxide plants o f  the sjze  n c d d  for thc 

Cuture (1500 Ml’/year) now exist. A 200 MG/yoar plant is p l a m d  for 1979. It \LIS 
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also stated there w i l l  be unavoidable adverse cnviroruncntal cffccts  frcm this  phase 

of the fuel cyclc. 

active wastes, chcmical releases, namely €IF and N13, and the cvaporation of 210,000 

gallons of water per day. 

lliese adverse cffccts include the r c l c a x  of l a c  lcvci roc?:.- 

The fabrication plant will require cooling towers. The effect  of the bloi~dam 

from i t s  system w i l l  be similar t o  that  of the reactors cooling t o w s  b lowhn .  

ra te  of water discharge i n  t he  efiluent has been estimated a t  1,530,000 gpd.  

temperature of the discharge forecast as 90°P. 

those described previously for  the reactor. 

'Ihe 

The 

Thermal effects w i l l  be s i r i l a r  t o  

The uraruwn dioxide phase of fabrication w i l l  have a non-radioactivc effluent 

containing 5,410 mg/L ammonia, 351 mg/L calcium, 0.58 mg/L phosphates, and 0.14 mg/I. 

fluoride. 

stated,  "At most sites, discharges of ammonia would resul t  i n  unacceptable environmen1:al 

The pH w i l l  be approximately 9.0. In h'W3I-I 1535 Section 4 . 3 . 6 . 2 . 2  it is 

impacts, both as a resul t  of direct  toxicity, and as a resul t  of potential eutrophica- 

t ion caused by increased aquatic nitrogen levels.'' Even i f  means of ammonia removal 

arc developed fo r  each f ac i l i t y  it w i l l  be diff icul t  t o  m e t  s t a t e  and federal water 

c,i:slity standards. 

0 . 3  mg/L. 

rerroval that w i l l  reduce levels well below 0.3 mg/L. This is necessary not only t o  

protect desirable biota, but t o  avoid eutrophication. 

The TLm value of m o n i a  far (Lepomis macrochinis) - is approximatel.y 

I t  w i l l  be necessary t o  develop high eff ic ient  methods for  ammonia 

lhis report s ta tes  that  minimal environmental impact w i l l  resul t  i f  i t s  

recomeridations are followed concerning the l iquid non-radiological effluents from 

tlie mixed-oxide portion of the p l a t .  

i q a c t  of the non-radiological effluent from the uranium oxide f ac i l i t y  except tha t  

if it is constructed as planned it would have an unacceptable impact a t  most s i tes .  

I; must be assumed that an environmental impact statement cannot be made a t  this  

stage of i ts development. 

No statement was made as to  the environmental 

Five isotopes of plutonium i n  addition t o  other actinides SI.& as uranium, 

a m r i m ,  neptunium, and protoactjriium w i l l  be releasccl i-n thc l iquid ofrluent. Tlle 

n 
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potential jiiipcat of thesc rlements was oncc again disinissed as being of l i t t l c  

(~wcerii. Ilic iadioactive dose was again  calculntcd, and since it i r .  u :2u l l ;~  Ic,s 

than bachgrouid levels that  humans are normally eqoscd  to,  they refcr to  the effcct  

as ininimal 

ad do not occur i n  nature. Also, they f a i l  to  point out that  a radionuclide 

deposited in  a l i u m  tissue crcates a greater actual dose t o  that  t issue than 

estimatcd dose rates indicate. Another oniitted statement t h a t  should have heen 

iiicldcc! is tha t  any radiation increasc elevates the potential of having cancer. 

Tlierefore, it real ly  does not matter if the dose of radionuclides received from a 

pir t icular  iniclear f ac i l i t y  is smaller than that which one receives from riomal 

background, it s t i l l  contributes t o  the overall body burden. 

Tliey f a i l  to  s t a t e  that most of these actinides arc marl-mndc e1mcr:ts 

Discussion of the environmental impact is limited to planned releases. Accidental 

sp i l l s  can and do occur. 

Ill inois describe1 the accidental release of 1,150 gallons of radioactive laundry 

wste to the I l l ino is  River a s  "the latest of a nmber of abnormal occurrences 

associated with the fai lure  t o  properly manage radioactive wastes 

1 cleases of highly radioactive materials as. plutonium through fires or sp i l l s  

Siicrense the adverse environmental impact by several orders of magnitude. 

The director of the local fiC Regulatory office of Zion, 

Accidental 

M t h o u t  

discilssing the present means of predicting the frequency of such events it should 

bc recognized tha t  the past record of nuclear power and weapons technologies has 

not  been good. 

l i ~ m a n  error and mechanical failures compounded by a rapidly expanding nuclear 

technology indicate that the r isk of accidents w i l l  not diminish. 

ccwlusions drawn from a 1972 AEC Policy meeting reagding safety devices: 

concluded that analytical tools used t o  assess emergency cooling systems are 

defective; that  it is impossible to rely on M X ' s  resul ts  for licensing. I t  was 

also concluded that margins of safety i n  loss of coolant accidents, once thought 

adequate are now shown to  have dwindled in some cases t o  zero. 

%ile it would be expected tha t  new safeguards w i l l  be developed, 

Part of the 

it was 

Accordingl-y, protection 

t o  the public f m l t h  and safety cannot i n  this si tuation be asstirwl. 1 2  



I Waste - Disposal 

A t  eadi stage of the fuel cycle radioactive wastes are  generated. There are 

two general classes of wastes. High level wastes are  from the core matcrial; l ~ w  

lcvel wastes include materials contaminated by radiation. These wastes require 

containment unt i l  sufficient time for their  decay has elapsed. 

of a radioactive element must pass before it can be considered safe. Since the 

ha l f - l i fe  of Pu-239 is about 24,400 years, the span of tinle that it must be confined 

f m r i  human exposure is approximately 500,000 years, whicll for  practical  purposes 

might be considered forever. A t  prese~lt there is  no technoloFy for  permanent 

Severzrl half-lives 

n 
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- Tralisportat j on 

Ti ; i r q ~ a - t a & m  is a very important p ~ r t  of the nuclear file1 cycle. Superiicially 

i t  i;light appear t o  haw less significance tlm some other phascs of tllc cycle. 

tfowever, as nuclear technology grows, s o  w i l l  the ra te  of transport of rnatcrin3s 

bc tmen f ac i l i t i e s .  l3 Methods and descriptions are  given for  different si tuations,  

including many different types of accidents. 

aquatic enviromient was for the case of loss of LT6 to  water through a transportation 

accident. I t  would seem reasonable to  expect a statement in  this report about thc 

effects of the loss of highly toxic elements such as plutonium, but no such s ta te-  

ment 'tias given. 

"lie only reference t o  effects on the 

Also m i t t e d  was a statement about the effects of possible losses of biocides 

and ant i -  scaling agents due t o  accidents during the i r  transportation. 

such as acroelin, chlorine, and anti-scaling agents such as sulfur ic  acid or ortho- 

phosphate, do not create as prolonged a problem, but could cause significant damage 

i f  l o s t  t o  the aquatic or  t e r r e s t r i a l  environment. These chemicals a re  an integral  

pnl-t of operation of thc LMFBR and should be given consideration due t o  the potential  

hzzards involved i n  their transportation. 

Biocides 
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111~: systciii pointcd out i n  I'XSII 1535 is  tlie Kct.ricval)Ic Slirincc Storage 

k!ci.J.jty ( I S F ) .  

f:!ci l i t y  u t i l i  ZC:S stirCncc storage tanks. 

st irrcxl, vented, and cooled by direct  a i r  cjr cooling to\iers. 

the hcat gcnerat.cd by the matcrj.al 6oes I;ot melt tlie stcragc: t3d.s. 

'I'lic Ilardord \\'ashinston s i t e  is givm as a J)rotOtyJlC'. 'Iliis 

Mstes stcrcd i n  suck taillis mu:;t. 1)c 

'fllis i s   do^^ SO t h n ?  

In the las t  15 years there have been 16 leaks cliscovcrcc! a t  t h i s  s i t e ,  

illvolvi-ng s a w  307,000 gallons o f  high level radioactive wastes hc;iig r r1z:sp~~ t * ~  

tlie environment. 

~;;!lloi~s of waste material i n  which there were 40,000 C i  of C e s i u n ~ ~ ~ ~  aitcl. l4,COO 

Cj. of strontium . 
dri l l ing was done a t  the s i t e .  

45 feet clownwarcl. 

The largest volume of these leaks in  June, 1975 invnlvcd 11.5,COO 

90 Following a leak of lesser volume, 70,000 gallons, a core 

They determined that the waste had rmvecl around 

In assessing die impacts of such leaks, \~!WI 1535 assimes that 

these wastes are trapped in  the so i l .  However, since tritium and iodine131 have 

l ~ c ' n  used i n  tracing ground water movement, it seems unreasonable t o  assume that such 

soluble radionuclides would remain bound i n  the soi 1. In l ight  of recent studies,  

it .,&is 51 J:,~L tlia, plutuniwn has a greater potential for movement in  the food chain 

r11w had been 7reviously thought. 

of the ILovement of such rndionuclides away from these sites into groundwatcr or 

surface streams. 

I t  seems short sighted t o  dismiss thc p o s s i b i l i v  

'lhcy fiirther concludes that it  would take about 80@ years for the more soluble 

fnnas to  move in  the bp-oundwater a t  t h i s  s i t e  to  surface levels and tha t  radio- 

rciclides ~ o u l d  have decayed to  safe levels. 'Illis does not take in to  consideration 

the longer lived radionuclides. 

Other impacts of the  RSSF considered and dismissed as insignificant were the 

contamiiiation of thc surrounding area tlirough the release of vented a i r  a d  irradia- 

t ion of dust particles n u r  the tanks. 

The accepted method of waste disposal for the other than hjgh level m s t c  i s  

trcnch burial. Tfiesc: contarnilants arc a ~ ~ u m t d  t o  be bourn1 in  thc s o i l  with no 
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significant niovcrncnt. Ilowevcr, i n  the Wcst \'a7 Icy niicIcal- fucl rcproccr;c;iiig plant 

:,id,; .~c i r~ ,  t h e  trenches a re  Iiot covcrcx~ unt i l  they ai c fill I . I I ~ C  ra,iio;::i:tivc: 

rnnterials a r e  often soaked by snow a i d  rain. 

m s  pmped from treiich ff9. 

acti\:ity or  only 1/1,000,000 of the to t a l  activity of t h e  trench. 

upstream from the processing plant and clowrstream from the burial  s i te  contains 

significant amounts of activity leachccl from the burial site.14 The only unavoidable 

arivcrse envi.ronmental impacts 1i.stcd are noise and dust from construct:ion excavaticm 

During 1970, 1,000,000 gall or.^: of water 
b 

NFS estirr.at.es that  t h i s  watcr contained 40 in C : i  of 

Erdmann's Tirook 

ar;d exclusion of access t o  the area. 

i r - ~ a l n  to bc  seen, it might secm self  -5crving t o  scmc t o  consider tha impact of 

noise arid dismiss the possibi 1 i t y  of movement of radionuclides from thcse sites. 

Other potcntial methods of wastc disposal considered for development i n  thc 

While the potcntial  inpacts of these s i t e s  

future include i n  the near term disposal i n  deep caverns excavated i n  bedded s a l t  

forriiatiox. 

transmutation, and ex t ra te r res t r ia l  disposal. 

pz\tlmls, even i f  found feasible, cannot be discussed a t  t h i s  time. 

In the long term they look t o  the use of geological formations, 

The environmental impact of such 

Conclusjori __--- 
The greatest unavoidable impact of the W B R  prograin has t o  be the planned 

release of radionuclides from a l l  phases of the h e 1  cycle and the potential 

irrpact of b i l l ions  of curies of waste material that  rcquire a stable government's 

concern, care, and money for thousands o f  years. 

government that with a l l  the hman maintenance possible, release of waste throuch 

xitural  disasters and human error could cause irreparable danlage t o  h ~ m n  populations. 

1l:e great concern over the impact of the release of radionuclides overshadows, but 

2 , ~ s  not eliminate the adverse environmental both aquatic and terrestrial, impact 

generated by the release of large mounts of heat, bjocides,'and other chemicals 

xsscciatd with the fuel cyclc. 

I t  must also be realized by tha t  
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f u l l  proposed potcntial ,  i t  mist be remembered that  we cannot scparatc one plant 

iroia t l i v  whole. 

\vliich w i l l  be i n  addition t o  and not instead of prohlcm from other faci1itir.s 

or  bcickcgrotmcl radiation. 

1Jc nlust assme that  each plant will produce hazards and pro!,lcm 

In order t o  form an accurate view of the future breeder fuel cycle, cstimatcs 

are useful, but are  no siibstitutc f o r  past experience. 

1VASH 1535 uses the €Ianford Washington plant as an example, ;I p l a n t  notorious fcr 

i t s  leaks and sp i l l s .  

the only plant of this  type from which operating experience can be d r a m ,  i t  has 

caused much concern i n  New York and ha? released thousaids of curies t o  the 

creeks adjacent t o  it. 

1 i a t t s  plant with i ts  nmierow plutoniim f i r e s ,  and i n  particular the Elay, .1969 

f i re  and i ts  resulting contamination of the Denver area. 

reactor, the Fermi UIFBR, which during its short operational period, exhibited a 

pirt ial  meltdown of i ts  core, w incident so unlikely as t o  be nearly impossible 

i i i  RE'S estimates of safety, shows what my be expected. 

In waste manngcmcnt, 

In  fuel reprocessing, the Wst Va11cy plant is  given as 

In f u e l  fabrication one has o ~ l y  t o  look a t  the Rocky 

In the case of the 
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'>ATE: April  8, 1975 

2CW: C .  F . Weaver, C i v i s i ~ i l  of 9ccuptl.axl & Radiological Health 

Final Environnzntiil S taieinerit for the Liquid Metal 
F:ist Rreed2r Reactcur ?rt)gr:tm 

33d3JEcT:  

In additior, to the staiernri1;s in my memorandum to you di?ted 
March 31; 1975, the €ollovuinn,o comments may b e  of interest .  

1. The  flow of many r i v e r s  is ve ry  i r r egu la r .  This  is par t icular ly  
true of the Clinch Kvei-. The  flow of the Clinch River has  been 
recorded to range  f x ; m  43,400 cfs to zero cfs and the flow r a t e  
of zero las ts  for days  at  a time. It is also noted &&at t h e r n a l  
convection and discharge fr-om the Fort  Loundon Dam can cause 
s r r f a c e  water to flow up the Clinch River a l l  the way to Melton 
Hill Dam. 

A discussion is need?d of the effects of the above i r regular i t ies  
on the radioactivity n2zr the CRERP si te  with par t icular  attention 
to the dilution factor of IVhite Oak Creek and to the  flow upstrearr, 
of effluent from the  ORGDP . The desirability of mandatory 
reactor shutdown during adverse flow conditions should be 
d iscussed .  

2. When a breeder  reactor  s i te  is selected on a dra inage  system 
already loaded with radioactive effluent attention should be given 
to the past  accumulation of this material on the  r ive r  bed .  In 
par t icular  fur ther  congnizance should be taken of the fact that a 
considerable inventory of radioactive m a t e r i d  has been deposited 
i n  the Clinch River below its confluence with White Oak-Creek. 
This  inventory resu l t s  from past and p resen t  re leases  from the 
Holifield National Laboratory b y  way of White Oak Creek.  Par- 
t icular attention should be given to the actual quantity of this 
inventory,  to thc questi3n of whethzr o r  ncjt non-raclioactiv? 
chemicals added to the Clinch River could inadvertant ly  elute 
a significant part of this inventory,  and to the i i p a c t  of the 
a b v e  items-oa. the monitoring of cfEluent5 frsm the C B R P  

- 



3 .  

4 .  

5. 

?. . 

.er  

Even though livestock drinking water f rom the Clinch River is 
3wt considered a major pathway of radioactivity to man, numbers 
siq qmrtinr? tlzis (-oriumtioii should be included in  the final repor t .  
k +  %:<L on thy coo:-eritraimri (15 radioriiiclicles in the Clinch River ,  
2 vt-.rage intalrc of water per ddy per  animal and the biological 
b.iE lives fat- t!iesc. rarlioituclides should be available. The numer icd  
C r  -~~or~;:,-afinn t i i<x . t  tlie Clinch F?,:ver does not provide a major pa:hway 
?-  humans  v~<,u ld  t j e  most ericoiiraging to the local public.  

Tit? pocs ib \e  environrner,+~?. impact. of catastrophic accident dur ing  
tf , i :  C:i:.GP_r' operatian stioiild be considered. We emphatically 
cit::,.igree that the probability oi this type of accident is extremely low 
f(:$. tho fnllowing yc:'asi>rls: 

- .  
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C,ttt+ion s k t a i l d  be exercised in selccting a breeder  reactor si te  
i? a region known t ) exhibit a hiell frequency of calms. The CliBRP 
s i+ t>  is notorious i r ,  8 i s  regard .  The desirzbility of mandatory shut- 
d 3 i n  duz ing ex:.mdL:d periods of cdlms should be discussc>d. 

hitny core and t,,aiiket a s s e m b l i e s  per  year  will be shipped to and 
fro:,> breeder  reactor sites. 'There appears  to be no l is t  of source 
and destination of these shipments nor highways they will use even 

1 for the first demonstration system (GRBRP) . The AEC states 
that fur ther  research  and development effort is required" and 

that "the IJ. S . nuclear industry y i t l  have had a number of years  
c,f t.xrperi~nzc" when necessdry . This subject should be fur ther  
cliscussed with cinphasis on the question of whether o r  not the Breei 
program is 1,eirig pushed faster than the state of the a r t  indicates 
prudent .  Tflis discussion should also include the lack of provision 
for d!sFosaI of r a d ~ o a c t i - ~ e  metallic sodium waste and of primary 
cold trrips which wil l  cctatain ti-itiurn and may contain corrosio; and 
h s s i c  n p r  u3ucts. 

3:. '-7'h.e scd.iun1 cooled Fmr-;.w Fermi Nuclear Plant had a partial  
core mel t  down 5 .n  1956. 

2. The Soviet U n i o a  r p x a t e d  a sodium cooled breeder  very  similar 
to thz CIIERF acvl g.xi.-rierrced rupfm-e of a large fraction of its 
fuel pins. 
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3 .  Within the last three ycars resehi ih programs uesigned to 
investigate the interrl-11 corroslor of ?lie stainldss stcel  jacket 
of the CRBEU? fuel pine, b y  :,ssiol, products such as  tellurium and 
cesium have conic to o u r  attcntion. For example such a program 
existed in 1973 at the General Electric L,aboratory at Vallecitos 
Nuclear Center ,  Vallecitos Road, Pleasanton, California 94566 
(415-862-2211) under the direction of D r .  E. A .  Aitken. Also 
please refer  to the article b y  C .E.  Johnson, e t  a1 . i n  Reactor 
Technology-, Vol. 1 5 ,  N o .  4 ,  pp 393-338, Winter 1972-73. -- 
If such corrosive rupture  is no longer of concern please provide 
us with copies of the research repor t s  which show beyond a 
reasonable doubt that such an event is no longer credible .  

In discussing the possibility of a catastrophic accident with this 
highly experimental device the consequences to other local 
programs of great national importance should addressed .  In 
par t icular  the evacuation and shutdown of the ORGDP and 
Y-12 must be considered. 

7. W e  must be assured that radiological releases from the proposed 
CRBRP will be low enough that those who a r e  operating public water  
systems will  not be required to remove radionuclides from the water  
in order  toecomply with Public Law'93-523, 93rd Congress,  S. 433, 
December 16, 1974. 

Although this law was passed in December 1974, i t  has  only recently 
(2-14-75) come to our attention that EPA is considering increasingly 
restrictive radiological standards for public water suppl ies .  

The consequent impact on the operation of the CEU3FP should be reviewed 
a s  soon as these standards are promulgated. 

8. The arrangement of the control and power supply systems for the primary 
and backup control and cooling units should be discussed for all  pro- 
posed reactors including the CRBRP . Is i t  a t  al l  credible that t he  
destruction o f  the control room area or  power supply ,  b y  fire or otherwise,  
would simultaneously cause the loss of control and power to both pr imary 
and backup systems? 

CFW;pgs 5-15 
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r;hESSEE DEPAaTMENT OF PUDUC HEALTH 

, 'IC5 CGZRESPONDENCE 

j.3T-E: March 31, 1975 

.'O: M r .  C. Ron Culberson 

*?OM: C. F. Weaver 5. &&Lion of occupational & Radiological. H ~ I ~ A  

Final Environmental Statement for the Liquid Metal 
Fzst Breeder Reactor Program 

;UsJEm-: 

This  is a general  document and the comments below are  also 
Caneral. 
Environmental Statement for the CRBRP becomes available. 

More specific comments will be made when the Final 

W e  believe that the NRC, ERDA, and those agencies which 
construct nuclear reactors should take s t rong affirmative action 
to assure  that the interested States a re  involved in  the planning 
and execution of the environmental monitoring for these in- 
stallations. Such action seems to have occurred in other States 
along with federal financial a id ,  but has not occurred in  
Tennessee to a significant extent. 

We also feel thdt when several  reactors have been assigned to 
a glven drainage system that an overall regional environmental 
impact statement should be prepared in addition to the indivi- 
dua l  statements for each site.  
for the  Tennessee r ive r  drainage system since at least fifteen (15) 
reactors ,  not counting those at the Oak Ridge Complex, a r e  now 
planned. 
be voluntarily produced, perhaps the members of the Tennessee 
delegation to Congress should be  requested to consider a law 
making the study mandatory. 

Such a study is badly needed 

Since i t  is unlikely that a statement of this nature  will 

CFW: jef 1-6 
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ASSESSMENT OF THE FINAL ENVIRONMENTAL STATEMENT OF THE 
LTQIJID METAL FAST BREATHER REACTOR PROGRAM 

Division of Air Pollution Control 

We have reviewed the above statement with regard to areas of our  concern 
ai:d it appears the impact on ambient air  quality would be quite low. The power 
1 , ; m t s  would transfer large amounts of waste heat to the atmosphere; however, 
i t  does not appear this would be significantly different from present  day s y s t e m s  
and several  different types of cooling systems are  available which would allow 
flexibility to meet conditions at specific si tes.  



n 

V.57-30 

UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

M r .  Stephen H. Norris 
G r a n t  R e v i e w  Coordinator 
Office of Urban and Federal Affa i r s  
S t a t e  of Tennessee 
Sui te  108 
Parkway Towers Building 
Nashville, Tennessee 37219 

Dear M r .  Norris: 

Thank you f o r  your l e t te r  of April 8 ,  1975 enclosing 
comments by several Departments of the  S ta t e  of Tennessee 
011 the  Proposed Final Environmental Statement f o r  t h e  
Liquid Metal Fast  Breeder Reactor (LMFBR) Program. This 
document pe r t a ins  t o  t h e  LMFBR Pro3ram ra the r  than the  
Clinch River Breeder Reactor (CRBR) f a c i l i t y .  A separate 
environmental statement, taking i n t o  account the  spec i f i c  
design and location of t h a t  p l an t ,  w i l l  be issued as pa r t  
of t he  l icens ing  actions by the Nuclear Regulatory 
Commission (NRC) . The Project  Management Corporation has 
prepared and submitted a s p e c i f i c  environmental report  on 
the  CRBR t o  t h e  NRC t o  f a c i l i t a t e  the  preparation of t he  
environmental statement on tha t  plant.  The si te s p e c i f i c  
comments of t he  S t a t e  of Tennessee Department of Health 
would be more appropriately covered i n  t h i s  environmental 
statement ( r a the r  than i n  WASH-1535) and w e  understand 
t h a t  most of these comments have been previously addressed 
t o  the  CRBR Project and responses have been provided t o  
your of f ice .  

The ERDA responses t o  the  comments of the  S t a t e  of Tennessee 
which are not uniquely related t o  the  CRBR s i t e  on the  Clinch 
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River are enclosed. 
and for  your icterest i n  the LMFBR Program. 
the Final Environmental Statement are enclosed for your 
inf ofma t ion. 

Thank you again for your cormcents 
Copies of 

esistant Administrator for 
Environment and Safety 

Enclosures: 
1. ERDA Staff Responses to 

Specif lc Comments - 
2. Final Environmental Statenent, 

LMFBR Program (6 copies) 
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ERDA Staf f  Responses t o  Specific Comments 
by the S ta t e  of Tennessee 

Index: 
Enclosure 1 - Tennessee Wildlife Resources Agency Camments of 

April  7 ,  1975. 

Enclosure 2 - Department of Public Health Comments of Apr i l  8, 1975. 

Enclosure 3 - Division of Occupational and Radiological Health 
Coments of April  8, 1975*. 

Enclosure 4 - Division of Occupational and Radiological Health 
Comments of March 31, 1975. 

Enclosure 5 - Division of Air Pollution Control Comments (undated). 

*Provides comments related to  the  CRBR plant  only. 

Comment (pages 2 and 3 of enclosure 1): 

"We f a i l  t o  f ind  a description of t r i t i um nor do we f ind  a 
description of its environmental impact except t ha t  t he  
magnitude of t he  need t o  cont ro l  t r i t i um is open to  argument 
(p. 4.4-45). We understand from other  references tha t  tritium: 
(1) is an isotope of hydrogen, having an atomic weight of 
3 (H-3), (2) is found i n  inf in i tes imal  quan t i t i e s  i n  nature,  
(3) is radioactive,  and (4) has  a ha l f - l i fe  of 12.5 years. 
We recommend fu r the r  research i n t o  t h e  environmental impact 
of tritium and t h a t  releases be subs t an t i a l ly  reduced at 
least unt i l  questions of its detrimental  impact can be resolved." 

ERDA Response: 

Doses due to  t h e  release of t r i t i u m  were discussed i n  Appendix 11.0 of 
the  LMFBR Program PFES. Methods to  cont ro l  t h e  release of tritium from 
LMFBR power p l an t s  were discussed on pages 4.2-32 to  4.2-43 of the  PFES. 
Doses due to t r i t i um releases were given i n  Tables 4.2-7, 4.4-9, 4.4-10, 
4.4-12, 4.5-33, 4.5-34, 9.1-8 and 9.1-9 of t h e  PFES. Dose conversion 
f ac to r s  f o r  t r i t i um releases were l i s t e d  i n  Appendix 1 I .E  of the PFES. 

Comments (pagen 2-6 of enclosure 2):  

Concern w a s  expressed regarding the  e f f e c t s  of in take  struc- 
tu re s ,  chemical discharges (especially chlorination) and 
thermal discharges from operating LMFBR power plants.  
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ERDA Response: 

Tbe type of de ta i led  treatment suggested i n  these comments would be 
more appropriate  i n  Environmental Statements for individual  LMFBR 
power plants .  

Comment (page 6 of enclosure 2): 

"In Section 8.2.1.2 it is s t a t e d  that ' t h i s  s l i g h t l y  con- 
tamina ted  water ( t h a t  is used t o  d i l u t e  and disperse 
t r i t ium)  w i l l  be the  only radioact ive l i qu id  discharged 
from the LXFBR power plant. '  Hovwer, i n  t a b l e  9.1-6 it 
is noted that four isotopes of plutonium and o ther  ac t in ides  
w i l l  be released i n  the  l iqu id  e f f luent .  
t o  t h i s  list (but not  included) are isotopes of strontium, 
iodine,  and cesium, and possibly o thers ,  which would be 
introduced d i r e c t l y  t o  the  stream." 

Obvious addi t ions  

ERDA Response: 

Table 9.1-6 r e f e r s  t o  releases from the e n t i r e  f u e l  cycles,  no t  j u s t  
nuclear power plants .  
l iqu id  e f f luen t s  are planned f o r  any fu tu re  LIIFBR f u e l  cyc le  f a c i l i t i e s .  

No discharges of strontium, iodine o r  cesium i n  

Comment (page 7 of enclosure 2): 

"The e f f e c t  of t he  combined low l eve l  radioact ive wastes 
was assessed i n  the  WASH 1535 repor t  by using the  'Year 2000 
Study.' 
hazard which would j u s t i f y  a delay or cance l la t ion  of t he  
program ex i s t s .  'The 2000 Study' considered 45 possible  
pathways t o  human rad ia t ion  exposure from rout ine  releases 
of nuclear f a c i l i t i e s .  It should be recognized t h a t  the  
study m y  not be a r e l i a b l e  iad ica t ion  of t he  conditions 
in the  year 2000. I n  sec t ion  9.1.3.1 a statement of one 
of the reviewers of t he  d r a f t  says,  'Studies of t h i s  type 
are unprovable a t  one end; d i f f i c u l t  t o  disprove f o r  those 
without access t o  large computers, misleading t o  the  
uninformed, and most l i ke ly  incor rec t  a t  the o ther  end.'" 

It w a s  concluded t h a t  no s ign i f i can t  publ ic  hea l th  

ERDA Response: 

As discussed i n  Section 9.1.3.1, t h e  "Year 2000'' model r e s u l t s  and o ther  
information (see Table 9.1-9) ind ica te ,  t o  the  bes t  of our a b i l i t y  t o  
determine them, the  present ly  foreseeable consequences of the  UIFBR 
Program. 
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Comment (page 7 of enclosure 2) :  

"Additional research i n t o  radiat ion e f f e c t s  on man may inval i -  
da te  any conclusions drawn from t h i s  study. 
concern may include: 

(a) 

(b) Resolution of the  controversy over t he  'hot p a r t i c l e '  

(c) 

Areas of current 

The e f f e c t  of t r i t i um as a r e su l t  of its inclusion 
i n t o  the DNA molecule. 

theory. 
Greater movement of plutonium thvl  has been previously 
thought. For example, recent Battelle Northwest 
Laboratory s tud ie s  have indicated t h a t  plutonium decay 
products may be soluble  and are subject  t o  long range 
t ransport ,  

and inclusion of radionuclides i n t o  t h e  food chain 
w i l l  i n  a l l  probabi l i ty  br ing  t o  1ighe.r isks  t o  man 
not covered by the  Year 2000 Study." 

(d) Certain new information concerning transport  systems 

ERDA Response: 

(a) T r i t i u m  release from the  LFlFBR fue l  cycle can be kept t o  very low 
values, such tha t  i ts addi t ion t o  the  large,  na tura l ly  occurring 
t r i t i um inventory would be e s sen t i a l ly  negl ig ib le .  
it is d i f f i c u l t  t o  see why t h i s  should be an area of concern. 
any event, a considerable amount of research on t r i t i um has already 
been completed. * 
The v a l i d i t y  of t he  "hot pa r t i c l e "  hypothesis, i n  addition to being 
re jec ted  by ERDA, has been. re jec ted  by the  Los Alamos Sc ien t i f i c  
Laboratory, the  Biophysical Society,  the  National Radiological 
Protect ion Board of the  United Kingdom, the  Medical Research 
Council of the  United Kingdom, and the  National Council on 
Radiation Protection and Measurements. In View of t h i s  overwhelming 
expression of s c i e n t i f i c  opinion the  i ssue  cannot be considered as 
being a "controversy" within the  s c i e n t i f i c  community. 

Several  thoughts are expressed here. 
t he  movement of plutonium, while t he  second sentence addresses recent 
s tud ie s  per ta ining t o  the  s o l u b i l i t y  and long range t ransport  of 
plutonium decay products. 

On t h i s  bas i s ,  
In  

(b) 

(c) The f i r s t  sentence speaks of 

The la t te r  point i s  not clear, s ince  

*For addi t iona l  information, see, f o r  example - "Environmental Effects  
of Producing Electric Power," P a r t  1, Hearings before the  Jo in t  Committee 
on Atomic Energy, Congress of the  United S ta tes ,  U.S. Government Pr in t ing  
Office, Washington, D.C., 1969, pages 228 and 229. 
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plutonium decays e i t h e r  t o  uranium o r  americium. 
I s  directed toward americium, ERDA is not aware of new information 
from the  Battelle-Northwest Laboratory per ta ining t o  e i t h e r  t he  
s o l u b i l i t y  o r  long range transport of uranium o r  of americium i n  
addi t ion t o  t h a t  which w a s  discussed in t h e  PFES. ERDA is not 
aware of addi t ional  information regarding t h e  movement of 
plutonium e i t h e r  . 

I f  the  comment 

I f ,  on t h e  o the r  hand, both of these sentences r e f e r  t o  plutonium, 
and i f  t he  term "movement" r e f e r s  to  p lan t  uptake from s o i l ,  w e  
assume t h a t  t h e  c m e n t  is made in reference t o  a publication by 
Raymond E. Wildung and Thomas R. Garland (both at the Bat te l le-  
Northwest Laboratory) on "Influence of S o i l  Plutonium Concentration 
on Plutoniun; Uptake and Distr ibut ion i n  Shoots and Roots of Barley," 
Journal of Agricultural  and Food Chemistry, Vol. 22, pp. 836-838, 
September-October, 1974. This reference w a s  the  source of an ar t ic le  
published in t h e  New York T i m e s ,  "Plutonium Found in Plants '  Roots," 
October 11, 1974. 

During t h i s  study plutonium n i t r a t e ,  a soluble  form of plutonium, 
w a s  added t o  s o i l  under very special ized laboratory conditions t o  
measure uptake in various port ions of t h e  bar ley plant.  These 
findings cannot be r e l a t ed  d i r e c t l y  to  f i e l d  s tud ie s  o r  t o  t h e  
response of f i e l d  crops. I n  f a c t ,  a sentence in t he  New York T imes  
a r t ic le  w a s  omitted i n  ed i t ing ;  i t  reads, "The researchers noted 
t h a t  t h e i r  f indings,  while i nd ica t ive ,  could not be taken as precise  
evidence of t h e  response of f i e l d  crops since t h e  experiments were 
done under spec ia l  laboratory conditions." These s tud ie s ,  however, 
are continuing. 

Several p o t e n t i a l  consequences of ,  and reasons fo r ,  t h e  findings 
i n  the  a r t ic le  are postulated; however, postulat ions may o r  may 
not eventually be ver i f ied .  Furthermore, t he  concentration values 
presented in t h i s  a r t ic le  varied from 0.55 x 
(dry plant ldry soil), a t  least  two orders of mapi tude below the  
value of 0.1 used in t he  PFES. The use of t h e  very conservative 
value of 0.1 allows f o r  fu ture  findings which might influence the  
so i l / p l an t  concentration f ac to r  (e.p. , Might microbial ac t ion  on 
Pu02 so lub i l i ze  t h e  plutonium t o  a g rea t e r  ex ten t  than is avai lable  
in s tud ie s  with Pu(N03)4? 
but is provided f o r  by the  conservatism i n  the f ac to r  of 0.1.). 

t o  11 x 

This appears unlikely a t  t h e  present t i m e ,  

(d) For the  long-lived transuranic elements, compensation f o r  fu ture  
unknowns w a s  made in the  PFES by assuming a much l a r g e r  uptake by 
p l an t s  than is warranted by t h e  avai lable  measurements. 



Comments (pages 13  and 14 of enclosure 2) :  

The poten t ia l  impacts of l iqu id  discharges from fue l  
fabr icat ion p lan ts  were mentioned as problems. 

ERDA Response: 

This i s  a s i t ua t ion  where such comments should be-more appropriately 
t rea ted  i n  Environmental Statements for individual  LMFBR f u e l  
fabr ica t ion  plants .  
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comments (papces 7 t o  12 of enclosure 2 ) :  

Concern was expressed regarding the  environmental buildup 
of low-level discharges of rad ioac t iv i ty ,  the  e f f e c t s  of 
LMFBR power plant  discharges on other  water users,  ground 
water contamination i n  the v i c in i ty  of LMFBR power p lan ts  
and LMFBR power plant  monitoring. 

.ERDA Response: 

Again, it  i s  our opinion tha t  the  type of de ta i led  treatment suggested 
by these comments would be more appropriate i n  Fnvironmental Statements 
f o r  individual  ZSlFBR power plants.  

Coment (pace 15 of enclosure 2):  

"Transportation is a very important par t  of t he  nuclear 
fue l  cycle.. .as nuclear technology grows, so w i l l  the  
rate of t ransport  of materials between f a c i l i t i e s  .13.. . 
The only reference t o  e f f e c t s  on the  aquatic environment 
was f o r  t he  case of loss of w6 t o  water through a trans- 
portat ion accident.  It would seem reasonable t o  expect a 
statement i n  t h i s  report  about the e f f ec t s  of t he  l a s s  of 
highly tox ic  elements such as  plutonium, but no such 
statement w a s  given. 

"Also omitted was a statement about t he  e f f e c t s  of possible  
losses  of biocides and anti-scaling agents due t o  accidents 
during t h e i r  t ransportat ion.  
chlor ine,  and an t i - sca l ing  agents such as  s u l f u r i c  acid o r  
orthophosphate.. .could cause s i w i f i c a n t  damage if l o s t  t o  
t h e  aquat ic  o r  terrestrial environment. 
are an in t eg ra l  pa r t  of operation of t h e  LHFBR.. ." 

Biocides such as acroel in ,  

These chemicals 
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ERDA Response: 

The t ranspor ta t ion  accident involving the release of UFg t o  t h e  aquat ic  
environment vas thought t o  have t h e  g rea t e s t  impact of a l l  t ranspor ta t ion  
accidents In t he  L V B R  f u e l  cycle with releases to the  aquat ic  environ- 
ment. Furthermore, accidents involving the  r e l ease  of UFg would be 
unique t o  the  nuclear industry,  while acc idents  involving t h e  r e l ease  
of such materials as chlorine,  s u l f u r i c  acid and orthophosphate would 
not be. 

Comment (page 15 of enclosure 2): 

"At each stage of t h e  f u e l  cyc le  rad ioac t ive  wastes are 
generated. ... These wastes requi re  containment u n t i l  
s u f f i c i e n t  time f o r  t h e i r  decay has elapsed.... Since 
the ha l f - l i f e  of Pu-239 is about 24,400 years,  the 
span of time...is approximately 500,000 years,  which 
f o r  p r a c t i c a l  purposes might be  considered forever.  
A t  present t he re  is no technology f o r  permanent d i sposa l  
of high l e v e l  wastes." 

ERDA Response: 

These are es sen t i a l ly  cor rec t  statements, bu t  it is overly pess imis t ic  
t o  say 'I... there  is no technology ..." 
disposal concepts which would make consideration of continuous 
i n s t i t u t i o n a l  s t a b i l i t y  of secondary importance. 

ERDA is studying permanent 

As discussed i n  the  PFES, t he  evaluation of promising geological 
formations and sites leading t o  a p i l o t  geological repos i tory ,  which 
in tu rn  could lead to a permanent disposal system, is a major part  of 
t he  ERDA radioactive waste program. 
of several promising geologic formations o ther  than bedded salt ,  including 
study of spec i f i c  promising sites, t o  bring the  state of knowledge of 
these other  formations up to. the  same l e v e l  as that of bedded salt .  
goal of t h i s  fur ther  study i s  t o  pe rmi t  a comparative evaluation of these 
formations and the se l ec t ion  of the optimum formation o r  formations f o r  
p i l o t  p lan t  operations. 

A t  present,  ERDA plans fu r the r  study 

The 

Comment (page 16 of enclosure 2): 

"The system pointed out  i n  WASH 1535 is t he  Retrievable 
Surface Storage F a c i l i t y  (RSSF). 
site is given as a prototype. 

The Hanford Washington 
This f a c i l i t y  u t i l i z e s  
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surface s torage tanks. Wastes s tored i n  such tanks must 
be s t i r r e d ,  vented, and cooled by d i r e c t  air  o r  cooling 
towers. This is done so t ha t  the heat generated by the  
material does not melt the s torage tanks. 

"In the  las t  15 years  there  have been 16 leaks discovered 
a t  t h i s  si te,  involving some 307,000 gallons of high l eve l  
radioactive wastes being released t o  the  environment..." 

ERDA Response: 

Although the Hanford s i t e  was  taken as a model RSSF site, the methods 
used a t  Hanford f o r  high-level waste storage w e r e  not. It w a s  c lear ly  
indicated i n  the  LMFBR Program PFES t h a t  so l id i f i ed ,  not l i qu id ,  high- 
level wastes would be stored a t  the  RSSF. 

Comment (pages 16 and 17 of enclosure 2): 

"The accepted method of waste disposal  f o r  the  o ther  than 
high leve l  waste is trench burial .  These contaminants 
are assumed t o  be bound i n  the s o i l  with no s ign i f i can t  
movement. However, i n  the West Valley nuclear f u e l  reproc- 
ess ing plant  i n  New York the trenches are not covered u n t i l  
they are f u l l .  The radioact ive materials are of ten  soaked 
by snow and ra in .  During 1970, 1,000,000 gallons of w a t e r  
vas pumped from trench 69. 
contained 40 m C i  of a c t i v i t y  o r  only 1/1,000,000 of the  
t o t a l  a c t i v i t y  of the trench. Erdmann's Brook upstream 
from the  processing p lan t  and downstream from the  b u r i a l  
s i t e  contains si n i f i can t  amounts of a c t i v i t y  leached from 
the  b u r i a l  site.84 The only unavoidable adverse environ- 
mental impacts l i s t e d  a re  noise and dust  from construction 
excavation and exclusion of access t o  the  area. While the  
poten t ia l  impacts of these sites remain t o  be seen, i t  
might seem self-serving t o  some t o  consider the  impact of 
noise and dismiss the p o s s i b i l i t y  of movement of radio- 
nuclides from these sites." 

NFS estimates t h a t  t h i s  w a t e r  

ERDA Response: 

We agree. 
is discussed i n  the Supplemental.Volume of the LMFBR Program Final  
Environmental Statement and i n  responses t o  de ta i led  comments on t h i s  
top ic  from EPA and Bobby Wilson. 
the  migration of rad ioac t iv i ty  from the commercial b u r i a l  areas i n  
New York S ta t e  and Kentucky. 

The migration of rad ioac t iv i ty  from commercial b u r i a l  areas 

Steps are being taken t o  minimize 
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Comment (page 18 of enclosure 2 ) :  

''In order  t o  form an accurate v i e w  of the future  breeder 
fue l  cycle,  estimates a re  useful ,  but are no subs t i t u t e  
f o r  past  experience. 
the Hanford Washington plant  as an example, a plant  
notorious €or  i ts  leaks and s p i l l s .  I n  fue l  reprocessing, 
the  West Valley p lan t  is given as the  only plant of t h i s  
type from which operating experience can be drawn, i t  has 
caused much concern i n  New York and has released thousands 
of cur ies  t o  the  creeks adjacent t o  it. I n  fue l  fabr icat ion 
one has only t o  look a t  the  Rocky F l a t t s  plant  with i t s  
numerous plutonium f i r e s ,  and i n  pa r t i cu la r  the  May, 1969 
f i r e  and its resu l t ing  contamination of the  Denver area.  
I n  the case of t h e  reactor ,  the  Fermi LMFBR, which during 
its shor t  operat ional  period, exhibited a p a r t i a l  meltdown 
of i ts  core,  an incident  so unlikely as t o  be near ly  
impossible i n  M C ' s  estimates of s a fe ty ,  shows what may 
be expected. I t  

In waste management, WASH 1535 uses 

ERDA Response: 

When past  experience is not applicable,  estimates .are the  only avai lable  
recourse. 
as an example and the  experience is not appl icable  t o  the  LMFBR fue l  cycle. 
The West Valley fue l  reprocessing plant  is not typ ica l  i n  tha t  future  fue l  
reprocessing p lan ts  w i l l  not  have rout ine discharges of rad ioac t iv i ty  i n  
liquid e f f luen t s ,  The Rocky Fla t s  p lan t  experience is not applicable t o  
the  fabricat ion of plutonium oxide fue l  and the  May, 1969 f i r e  did not 
lead t o  contamination of the  Denver a rea ,  as  re f lec ted  i n  the following 
statement by the  Colorado Department of Health: 'I. .. t he  analysis  of 
325 soil samples taken within a six-mile radius of the Dow Chemical 
Company's Rocky F la t s  plant  show no hazardous buildup of plutonium i n  
so i l s . "  Finally,  the  F e d  accident is not pa r t i cu la r ly  relevent t o  
the  LMFBR since i t  employed a metal l ic  fue l ,  not an oxide, and had design 
fea tures  not being used i n  the  LMFBR. 

As discussed above the  Hanford "plant" experience was not used 

Comment (page 1 of enclosure 4): 

"We bel ieve tha t  the  NRC, ERDA, and those agencies which 
construct nuclear reactors  should take s t rong aff i rmat ive 
act ion t o  assure t h a t  the  in te res ted  States are involved 
i n  the  planning and execution of the environmental monitorinp, 
fo r  these in s t a l l a t ions .  Such act ion seem t o  have occurred 
i n  o ther  States along with federal  f inanc ia l  a id ,  but has 
not occurred i n  Tennessee t o  a s ign i f icant  extent." 
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ERDA Response: 

,We agree tha t  t he  S ta t e s  should be involved i n  t h e  planning and execution 
of environmental monitoring f o r  nuclear power plants  and believe that  the 
KRc and others  a r e  t ry ing  t o  obtain such involvement. 

Comment (page 1 of enclosure 4): 

'We also f e e l  t ha t  when several  reactors  have been assigned 
t o  a given drainage system tha t  an ove ra l l  regional environ- 
mental impact statement should be prepared i n  addi t ion t o  the 
individual statements f o r  each site. Such a study is badly 
needed €or t h e  Tennessee river drainage system since at least 
f i f t e e n  (15) reactors ,  not counting those at t h e  Oak Ridge 
Complex, are  now planned. Since it  is unlikely t ha t  a state- 
ment of t h i s  nature  w i l l  be voluntar i ly  produced, perhaps the  
members of t he  Tennessee delegation t o  Congress should be 
pques t ed  t o  consider a law making the study mandatory." 

ERDA Response: 

ERDA agrees tha t  such s t u d i e s  a r e  desirable.  
discussed i n  Volume I of the LMFRR Program Proposed Final  Environmental 
Statement cons t i t u t e  one possible  approach (see page 3.6-4). Note tha t  
a study f o r  t h e  Tennessee Valley region is i n  progress. 

The "Year 2000" s tud ie s  

Comment (page 1 of enclosure 5): 

"We have reviewed the  above statement with regard t o  areas 
of our concern and it appears t he  impact on ambient air 
qua l i ty  would be q u i t e  low. 
l a rge  amounts of waste heat t o  t h e  atmosphere; however, i t  
does not appear t h i s  would be s i g n i f i c a n t l y  d i f f e r e n t  from 
present day systems and seve ra l  d i f f e ren t  types of cooling 
systems are avai lable  which would allow f l e x i b i l i t y  t o  meet 
conditions at s p e c i f i c  sites." 

The power p l an t s  would t r a n s f e r  

ERDA Response: 

W e  agree. 
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SHIRLEY'S ENTERPRIBES 
BOUTC a m x  l a i r  

mLuc RIDOC. OLOROIA aasia 

April 8, 1975 

Mr. W. H. Pennlagton 
Assessments and Coordination Officer 
Division of Biomedical and 
Environmental Research 

Subject: Letter of comment to AEC (ERDA) on Liquid Metal Fast 
Breeder Reactor WASH 1555 

near Mr. Pennington: 

;L certainly do have some comments on the 2700 pages of the 
proposed final env&ronmental etatement on the LMFBR. I w i l l  not try 
to point counter point, section by section, but will show the credu- 
lity of the nuclear eetablishment in their unreasonable considera- 
tion8, first, you hide behind bureaucratic anonymity, taking an un- 
fair advantage, you sign none of your statements, while we sign ours. 

Second, in Volume 1, page 1.6-7 under your statement other 
aonaideratlons-you contend it is perfectly fair to keep the nations 
energy budget unbalanced in favor of nuclear systema. 
it is the product of a hlgh-cost technology and In the final and 
mos t  costly stages of ita development. 
"for other technologies, such a8 s o l a r  energy, geothermal, and wind 
power, the reaearch and development coats are eetlmated to be 
coneiderably less and the annual funding levels should be corres- 
pondingly lover." 
on it8 merits, or low fuel costs, but because it us88 the most tax 
d o l l a r s  to develop. 

On page 4.2-256 you chart WASH 1400 statletice calculating the 
chances of an accident at one in a billion per reactor year. using 
the fault-three and event-three method of calculation. I am sure 
if the same method had been used to calculate the chances the cltiea 
of Hiroshima and Xakieaka being destroyed with the first Atom bombs 
the statistics would have predicted a "low probability of occurrance, 
event considered incredible. Statistics are harmless, when they 
come true people die. One in a b i l l i o n ?  

from the Defense Department, Air Force, and other expert predlctore- 
wsurlng and convincing Ameslcan viewera the United States could not 

LMm, because 

The section continue8 with 

In other words, you glve priority to a program not 

I remember vividly Mr. McNamara on TV with charte and graphs 



V.58-2 

-2- 

l o se  i n  Vietnam, becauere we had l o g i e t i c a l  superior i ty .  From a l l  
anpearances the f a u l t  three and event-three were used t o  a r r ive  a t  
these predictions. 

thousand young American l i v e s ,  the Defense Department, A i r  Force, 
Pentegon, Congress, Senate, everybody agrees, i t  w a s  a lgig mistake 
and we should walk away and forget  i t .  

b i l l i o n s  and costs  thoueands o f  l i v e s  we and our clescendants, cannot 
walk away. 
high-level radioactive waste survei l lance-- i t ' s  l i k e  molasses on a 
c h i l d s '  fingers-we have t o  e a t  i t .  

on SOPYI', wind, and methane that w a s  spent on Shippingport, Yankee, 
Fermis, The Bonus, Hall am, Elk River, Piqua, Pathfinder, Carolina- 
Virginia ,  Death Bot tom,  La Crosse, Big Rock Point, San Onofre, Haddarn 
Ne?k, P t .  St. Urain, w i t h  as many t e s t  and design changes, and then 
see w!iich i s  the best  energy system t o  proceed with. 

lies not i n  building. To research and harness the wind, t i de ,  
thermal, methane, o o l a r  and other untried energy sources. Deve oping 
theee t o  a high degree before other nations.  Let others  develop the 
c o s t l y  nuclear breeder technology. If we see we need it, we can i m -  
p o r t  the technology. 

After much thouEht on the subject,  I have come t o  one conclusion, 
the AEC ( E q D A )  knows breeder reactors  breed more than radioact ivi ty .  
They breed the absolute guarantee the AEC (ERDA) w i l l  s t ay  i n  bUBineSS 
f o r  25fI thousand years. This  can be the only log ica l  reason the 
AEC ( E X ? A )  i s  cramming the Flutonium Economy down the American peonles 

Hundreds o f  b i l l i o n s  o f  do l l a r s  l a t e r ,  with a coat of f l f ty - f ive  

If a plutonium economy based on LMFBR'e absorbs hundreds o f  

One doe@ not walk away from ten thousand generations of 

Let the nuclear establiohment spend the same amount of tax d o l l a r s  

There i s  no challenge t G  building breeder reactors .  The challenge 

Yo- 

throat3 V i a  the ice--Rnclcr?son Act 

If the material  and s k i l l s  t o  manufacture P0,OOO high-level 
radioact ive cannis ters ,  thousands of cladding h u l l s ,  shipping casts, ,  
d rums ,  were dtverted in to  Home Conversion Units t o  convert the leaves, 
grsss clippings,  human wastes i n t o  methane f o r  on s i t e  use i n  homes, 
b i l l i c n s  o f  ET:"s o f  e l ec t r i ca l  energy would not have t o  be produced- 
plus releaving the burden on ou r  Rewerage plants  and garbage systemse 
But you would never give p r i o r i t y  t o  such ideas as t h i s ,  why? Because 
no giant; energy combine could co l l ec t  from a meter attache2 to  the 
house. 'No dangerous by-products are  produced, jIrst clean methane 
fuel and f e r t i l i z e r  residue, and not nuclear wastes. 

thousands t o  work develoning, building and i n s t a l l i n g  wind powered 
n1;esnatora on top o f  each transmSaaion tower i n  all o u r  windswept 
western claina.  
would pu% I t husands  more t o  work developing, build!.ng so lar  c e l l  breeders 
w i t h  R doubling tlw,i. o f  one year, n o t  60. The b i l l i o n s  you w i l l  w e  

The b i l l i o n s  you w i l l  spend t o  develop the LMF'BR would put 

The b i l l i ons  you w i l l  get  from Congress rind the Senate 
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f o r  the I~IVIElR would d e d k o p  eolar  heating i n  fac tor iee ,  homes3 schools, 
fron,Washington t o  SEin'Wancisco saving b i l l i o n s  of BTU's o f  e n e r a .  
' Y o w  ra t iona le  e scapes  ne, Would you t e l l  a shlps  captain t o  reverse 
his bi?.ge pvaps t o  save his sinking ship? Thzt is  what we are .  we 
an? . ? a n t  approaching a t r i l l f o n  dollar Federal debt,  that  w i l l  s i n k  
any & Y h l ~ l  o r  Co~a~1 ; ry .  

Af t e r  reading WASH 1575, I see there l e  no way a p la in  c i t i z e n  
could possibly change your  p r i o r i t i e s ,  because o f  the par t icu lar  
mentality o f  tho AEC (ERDA). 
a F o r e s t ,  useing tax d o l l a r s  a8 fuel.  A c i t i z e n  reminds you, the f i r e  
wi.?.I RE?, the f s r e s t  ablaze. Do you put out the f i r e ?  no, you take 
m{:r>e o f  o u r  tax do l l a r s  and. h i r e  guards t o  watch the fo re s t .  More 
(.:j 1;leena a l e r t  you, the guards w i l l  go t o  s leep allowing the fo re s t  
t o  burn. Do you put o u t  the f i r e ?  Eo, you take more of our tax 
do'?l .ars and h i re  a batall . ion o f  doctors t o  give the guards e lee  ing 
pi':.l.st on and on. 
The first word i s  atomic, and Atomic Energy has precedence, the LMFBR 
an3 o t h e r  nuclear p ropame  were funneled in to  wind, solar ,  geothermal, 
L i d h l  :tiid the other sources o f  a l t e rna te  energy, mil l ions of new 
j a 5 s  would be created f o r  people of  minimum s k i l l s  and t ra in ing ,  
tkoueands o f  jobs  for  maintenance, and eemices ,  now--not 1985 

Statement was on a l t e rna te  energy programs many pagee would be blank. 
TkeYc wo11J.d be no irnpsct on the environment. 
&?.SOD, n o  r l s k a  f r o m  sabatage, no dangers from high l eve l  radioactive 
w a . o ? x s ,  rm transuranic alpha emitters,  no depletion o f  our uranfum 
o r e  reserves, no shl-pments o f  highly dangerous radioactive mater ia ls ,  
no enri-chment energy wasted. Yo thermal polution. By no s t r e t ch  of 
the  fmagination can the nu.clear power energy system claim t h i e  number 

Ir, vo l .mo  t u 0  you  deecribe the water baeln concept RSSF c r i t e r i a  

You build an ever l a s t i n g  f i r e  near 

There i s  no way t o  ra t iona l ize  with the AEC P l&RDA). 

TJadies and Gentlemen, i f  this seven volune Environmental Impact 

100 r i .sks  from radiological  

oixt.linfng the plaFs f o r  s tor ing  !30,000 one f o o t  by ten f e e t  high 
:ievcl radioactive canr,isters. That must be kept i n  working order 
regar.d.lews n f  war, a i r c r a f t  crash on s i t e ,  sabatage, human e r ro r ,  
esrt?:.!7iake, meteeo~ i m m c t ,  any and a l l  a c t s  of man o r  God, o r  the 
lb:As3r, w t e r .  begins t o  b p i l  i n  1.6 hour8, the basin water completely 
ev:.r~~i'a.ten in h t o  ' r  dagd;rgnd the basin, cannis ters ,  l i n e r s ,  concrete, 
a!' mel ts  i n  one o r  two:,$e.&B, 10,000 Kw of  e l e c t r i c  energy must be 
mzintalnod i n t o  the site 'ory.tbe above w i l l  happen. You p r i n t  t h a t  
S O  t;I.aze: 90,000 canrfster&&'%$h rad ia t ing  7.25 Kw o f  heat-each 
Qj.:I 1.e.: w l t b  ~ % I J . ~ G Y I ~ W  t;ci.ric y$st+e, each mu.st undergo hundreds of 
oj - 'e?Ti . inns from F 8 8 C t ( j X ' B  ta the storage s i t e  without e r ro r  o r  
ac:ci r t rn t -  

Ycu maintain you c a n  keep the high l e v e l  radioactive wastes contained 
f o r  250,000,000 yea r s ,  ye t  you could not keep'high leve1,radioact ive 
w s s t o a  contained f o r  t h i r t y  years a t  Richland, Washington. I t ' s  the 
RG.F:P ci.4 s t u f f ,  irnder the same hi tching rack. 
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In Volume 2 page 4.6-41 you solve the problem of an enemy hitting 
your high level radioactive waste storage faculty with massive missiles, 
with this. I quote "Low probability of occurrance, event considered 
incredible. Site location would not be in commercial aircraft flight 
path . ' 1  

Any tweleve year old mentality would reason an enemy would strike 
this target first, Multiplying the missiles destructive power. Event 
considered incredible. The only thing incredible, is the credulity of 
the AEC(ERDA). Nobody could possibly believe anything else. Beware of 
false prophets which come to you in sheep's clothing, but inwardly 
they are ravening wolves. Ye shall know them by their fruits. Do men 
gelther grapes of thorns, or figs of thistles? False prophets? 

If the Congress and Senate lets you build ;i high level waste 
storage faculty at Richland, Washington and a breeder resctor at 
Oak Ridge, Tennessee, any enemy needs only two warheads to completely 
destroy our continent w i t h  plutonium. Our weather moves f r o m  west to 
east. Tons of exposed plutonium at these two sites will spread slowly 
over  the entire U.S.A. 

The United States I s  not without enemies. Many persons would 
like nothing better than to see a small band of determined espionaged 
trtiined sabateures, land on the unguarded, unpopulated coastline of 
Oregon or Washington, and make their way to any point 40 miles from 
the tank farm at Richland,Washington, with small surface to surface 
heat seeking missiles, they released deadly plutonium for the winds 
to carry eastward. Can you not see the havoc? Go3 gave mankind a 
choice, you are not giving mankind any choice. To you, he can have 
it no other way. But the deadly nuclear radioactive concept. 

The Nuclear Communities rhetoric continues assuring us they sre 
not, afraid of the reactors being hit from the air, but on November 
11,1972, the AEC(ERDA) shut down their reactor at Oak Ridge,Tennes- 
see, and ran like hell, when skyjackers said they would crash into 
the plant, if this had been a solar concentrator magnetohydrodynamic 
plant, your radiological worries would have been nil. They would not 
have considered it a target. 

A.J. Lehman Director, Division of Pharmacology at the Bureau of 
Biological and Physical Sciences at the FDA, compiled infornation 
establishing humans are six times as sensitive to toxicity as dogs. 
Yet, the kEC(ERDA) are useing hundreds of dogs in their toxicity tests. 
I n  exercise in futility. 

needed to combat toxicity, humans due to their biological make up, 
dg not h:.ve this marked aclvantage, 

Dogs have the ability to manufacture ascorbic acid in any amount 

If the nuclear establishment plans to make sure  each individual in 
our population injests a minium of five grams of ascorbic acid dally, 
then their dog controls might be corn arable. Jdlllions of our  citizens 
&re constltutlonaZly Inadequate, muk r: ng these indlviduiils imch nore 
sensitive bo radioactive taxlcity than your many workers reported In 
the lnpuct statement as remaining healthy after being exposed, 

Q 

A 
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Vith blessings and funds from the Congress and Senate, the Atomic 
Xnergy Commission created the Savannah River Atomic Energy Reservation, 
6. p l a c e  destined t o  house the basic components of the Nuclear Parks, 
planned by the nuclear s c i e n t i s t s  t o  furnish atomic energy f o r  t h e  fut-  
ure. 

IJs red-necked, ignorant Georgians who populate the  surrounding count- 
ry side became the  guinea p i g s .  We recieved the radioact ive a f f luen t s  
gcnernted md released in to  t h e  liind and water by the nuclear fuel 
r epmcess ing  and reactors ,  w e  recieved and in jes ted  through the crops 
r.slSsed on our own land radioactive nuclides from both the  weapons t e s t s  
f a l l o u t  and the f a l l o u t  from SRP. Tha t f s  not a l l .  \!e recieved radio- 
ac t ive  dosage from t h e  shipments by rail and highway of highly danger- 
ous radioact ive mater ia ls  w i t h  names unheard by most Georgia c i t izens. .  
Trains i i r d  t rucks w i t h  nuclear wastes, noble gases, spent atomic fuels ,  
cr iss-crossed our grea t  s t a t e  unbeknowlng t o  the la rge  percentage of 
the  l;,444,5'78 Georgians i n  the ea r ly  19501s. Radioactive mhterial  t o  
the p l a n t ,  radiouctive wastes t o  b u r i a l  grounds. 

11) 3,954, the SRP became operational and keeping records of the es- 
t3.mated re leases  of nuclides t o  the atmosphere. That's r igh t ,  estimated. 
They assume about f i f t y  percent of the plutonium 239 released by SRP 
w a s  transported t o  t h e  surroundlng country side. They don't know how 
much arid how far. Due to the p a r t i c l e  s i ze  difference,  they estimate 
eighty-five percent of plutonium 238 released f e l l  on the peoples  land, 
outs ide SRP, a t  AiIren,S.C. Contractor, E.I.DuPont de Nemours hnd Co. 

Concerned w i t h  the  consequencles of t h i s  new input  of foreign ele- 
ments i n t o  the s o i l  and a i r  of Georgia, I decided t o  see i f  the pop- 
ul.atlon i:i t h e  SaPannah River Counties on the East border of Georgia, 
Burke,Chatham,Effixlgham,Screven,Richmond,Lixlco~,\~arren,Je~sins, and 
HmCock, would have a higher death r a t e  from cancer, strokes,  hea r t  
diseases ,  fetal deaths than the sverage, Georgian. 

This does not mean Georgia's population would have no increase due 
t o  r ad ia t ion  pol lut ion no, they w i l l ,  but due t o  the distance so:nc a re  
from main r a i l  l ines ,  trnx l i n e s  and the  SRP they should have less. 

S t a t i s t i c s  of pulation,deaths from caneer celebrovascular, h e a t  

Health, Education and Welfare V i t a l  S t a t i s t i c s  Records. Both open to 
t he  public. And one important point inust be made, regarding Georgia's 
s t d t i s t i c s .  

D r .  Alen e e ireo r f Health Services Research,Dept. of Hunan 
Resources, skxe8"Pn 1938, &I a newspaper a r t i c l e  t h a t  due t o  a l ag  i n  
the  reporting of deaths: "I know t h a t  roughly 5,000 of those i n  1974 
hhve t o  be al located back t o  1973 and 1972, a d  so  on." In o ther  words 
tf-13 t o t a l  of 50,124 deatms reported i n  Georgia, i n  1974 should be about 
56,000 deaths. 

American Cancer Society estimated Georgia would have i n  1974, 6,300 
cancer deaths; w i t h  a r a t e  of 130. per 100,000. ; But i n  1973, we pass- 
ed th?t with 6,532 and a r a t e  of 139.9 

d i sease , f e t a l  dea iz s, a re  from Georgiate recoriis 0% t h e  U.S.Dept. of 
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. .  These counties a romd arid 3elo.r.; SBP invtrizbii ;  iliive 2 h i g h e r  ccl.ncer 
death r a t e ,  higher celebravcsculer r a t e ,  k e z r t  i;.lsezse, i?etzl-- thm 
Georgia as B idnole, even with these comQr total:: included i n  t : ~  s t 2 . t ~  
average. Tinis t as not nonitored 6 ~ : i a d ~  ijjublic 8 5  the :xC(zzi;Di':> ::.L~:C- 
t a i n s  they xi11 do v i t h  t h e  LIlijT ;.ill they? Fvhm s;iien &siea  s5ec i f . i~ -  
ally f o r  datr; tL2e i sc (ERDii ) ,  a t  Snvan-tii I:,iver P l a i t ,  ; , i : . :e; . ,~ .~. ,  ga.Te 
nothing signed, mthent icz ted ,  guwmteefi  t 3  Be correct  and. ?ra;er, 
n o t h i n g  but e s t i r z t ions ,  r s s m p t i o n s ,  acco:::;anied :?it22 a na t ice  of i:r- 

__.  t h i s  n9 t ice  ~ e l i < : 3 7 n  I respons ib i l ik j .  . _ _  ~ , 
NOTICE 

This report w a s  prepared as an account of work sponsored by the Unites States :i'e ' 
Government. Neither the United States nor thc United States Atomic Energy a e ~ ~ ~ l ~  j':better i n  t'? 
Commission, nor  any of their employees, nor any of their contractors, subcontractors. or r e t ~ i  ~~&~~~ :;er 1 
their employees, makcs any warranty, express o r  implied, or assumes any legal liability 
or responsibility for the sccuracy, completeney o r  usefulness of any information. !T '-. ' C**-iLiL 'Liver Cow3t'ics 
apparatus, product or process disclosed, or  represents that its use would not infringe 

. .c I T -  mn- 1-. 
C-dClVe the & ? o r & k  ::erirL:i 

privately owned rights. average 1373 ? 

DEATHS : - Ye&r,i C3. YO?. F e k l  Heart Cmcer S t r o k e s  
1974-Burke 1c'cc)o 

Chhthtzi 17::100 
E f  f inghxi; 152 39 
Screven l f , L O @  
Richionti 127;300 
Lincoln 6500 
i2:arren 6503 
Jenkins 8 f 0 0  
Hancock 91 i=O 

Total 

STAT I S T I C S $-Vi! I L i z  LE 

SEPTZBZR, 1975 

Rate Szvz.nn&h River Co. 
Georgizfs Rate 

1973-Eur2e 18620; 
Cha tha  27~lrCIO 
Ef fingh=Li14900 
Screven lC' ,~EOO 
Riclmond 133903 
Lincoln 6300 
FIarren 8600 
Jeillrins 8ZO0 
Hancock ? K O  

Total 390600 

24 
52 5 
20 
2% 
124 
4 
3 
1.; 
6 
1046 

30 58 
686 
35 13 

FS6 

CQ 63 h," 

457 204 

53 
203 
19 
24 
215 
13 

18 
9 
56 3 

0 

144.1 

90.8 C4.8 19.3 17.7 

Rate Savannzh Fiver Co. .337.8 368.6 153.2 
Georgiafs Rate M7d 0 *-:; 1.3 1L3.0 1'6.4 

n 
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DEATHS : 
Heart 

80 
F e t a l  

9 
Cancer 

34 
319 
15 
22 

219 
1 3  
8 

11 
15  

656 

Stroke s 
51 

259 
11 
27 

17 5 
I ‘7 
0 

2 0 
4 

567 

Year,& Co. 
1972-Burke 

Cha tham 
E f  f inghm 
Screven 
Richmond 
Lincoln 
Warren 
Jenkins 
Hanc oc k 

T o t a l  

Pop. 
18100 
177700 
14500 
12300 
141200 
6000 
6 900 
8200 
8900 
393800 

281 
22 

6 32 
31 

7 
2 39 

5 
4 
4 

58 
485 

25 
16 
31 
42 

1400 
5 

570 

Rate Savannah River Co. 
Georgia’s Rate 

144.7 
106.7 
38.0 

355.5 
307.8 

47.7 

166.5 
134.1 

32.4 

144. r) 

197 1-Burke 
Chatham 
Ef  f ingham 
Scr even 
Richmond 
Linco In 
Warren 
J e n k i n s  
ITmcock 

T o t a l  

17900 
179400 
14300 
12200 
140200 
5800 
6900 
8400 
8900 
394000 

14  
293 

17 
7 

2‘23 
5 
7 
6 
G 

578 

147.0 
1’87.4 

59.6 

72 
6 37 

4 1  
65 

449 
13 
24 
38 
36 

1375 

25 
815 

17 
16 

201 
5 
4 
E 

10 
602 

6 1  
249 
71 
26 

159 
5 
8 
21 

3 
603 

E a t e  Savannah River  Co. 
Georgia’s  Rate 

349.0 
293.3 

55.7 

152.8 
131.9 

20.9 

153.0 
118.6 

34.4 

1.070-Burke 
Cha tham 
E f f  ingham 
S c r e ven 
Richmond 
Lincoln 
Warren 
J e n k i n s  
I-lan c o c k 

T o t a l  

18255 
187767 
13632 
12591 
162437 
5895 
6669 
8332 
9019 
424597 

9 

13 
8 

m a  
56 

645 
42 
74 

474 
11 
28 
31 
48 

1409 

32 
307 

2 1  
13 

181 
4 
6 

10 
12 

586 

1% 
16 

153 213 
3 11 

15 
23 

516 

121.5 
11.9. 0 

2.8 

7 
Y 

4 
8 
3 

549 

Hate Ssvannah River  Co. 
Georgiafs Rate 

129.3 
73.5 
55.8 

331.8 
299.9 

31.9 

138.0 
129.9 
8.1 

In  t h e  e a r l y  19501s, t h e  Savannah River Counties show no s t a t i s t i c L A l  
d i f f e r e n c e  from Georgia’s averages ,  and be ro re  1350 Georgia war in t’ic 
s t L t i s t i c s l  r m g e  of  klasks,  Utah, below 1 person , c r  1ltk’, ;:I(! cyii-ig 
iro.1 c m c e r .  I!ut a f t e r  SFP begitn operations tile s t s t i s t i c L t L  c l i i i r  r r n c c  
; cce l e ra t ed ,  dnci wlicn the  1 S74 sL1tist ics becolie avdi1;lb I c t.?r iu1 I 
i a p .  c t  of rclcliatior! introduccu d i ~ ~ s s ; ~  uetit,i:, i ill :re scr’n. 
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DEATHS: 
Heart 

78 
670 
48 
71 

429 
18 
28 
81 
61 

1424 

-8- 
Strokes 

72 
281 
19 
33 

166 
13 
10 
19 
8 

620 

Year,& CQ. 
1969-Burke 

Chatham 
Ef f ingham 
Screven 
Richmond 
Lincoln 
Warren 
Jenkins 
Hancock 

Total 

POP 
20500 
183100 
13600 
13400 
150900 
6300 
7000 
8800 
9900 
413500 

Fetal  
9 

E 5 8  
14 
rX3 

800 
2 
3 
7 
6 

505 

Cancer 
21 
302 
13 
25 

186 
15 
6 
9 
l5 
601 

R t i t e  Savannah River Co. 182 . 1 a44 . 4 
Georgia f s Rate ,L* 6028 288.9 

rn.8 s5.5 

145.3 
123.3 
22.0 

21 
893 
14 
14 
193 
8 

150 
123 
27 

1968-Burke 
Chatham 
E f  f ingham 
Screven 
Richmond 
Lincoln 
Warren 
Jenkins 
Hancock 

Total 

20700 
180000 
13000 
13700 
149900 
6000 
7100 
9000 
9800 
409200 

11 
204 
16 
l76 
171 

5 
I. 5 
1% 
9 

438 

68 
656 
40 
70 

485 
22 
28 
26 
57 

1402 

W2.6 
300 0 

42.6 

61 
308 
15 
25 
191 
10 
10 
22 
7 

649 

13 
11 
8 

575 

140 .5 Rate Savannah RIWT Co. 
Georgia's Rate 

107.8 
56.7 
50.6 

19 
814 
11 
4 

152 
2 
5 
4 
5 

416 

158.6 
121 . 1 
19.4 

127.6 
31.0 

1967-Burke 
Chatham 
Ef f lagham 
Screven 
Richmond 
Lincoln 
Barren 
Jenkins 
Hancock 

Total 

21700 
176700 
13200 
15300 
147EOO 
6000 
7700 
9700 
lOSO0 
408000 

59 
648 

30 
84 

484 
E7 
85 
39 
34 

1895 

19 
294 
10 
18 

198 
7 

11 
18 
11 

586 

Rate Savannah River Co. 102.0 841.9 
Georgia's Rate 49.5 287 . 1 

52 05 54.8 

148.6 
lE?2 04 
21.2 

1966-Burke 
Chatham 
Ef f ingham 
Screven 
Richmond 
Lincoln 
Warren 
Jenkins 
Hancock 

Total  

21400 
188700 
13700 
15200 
143800 
6900 
7600 
9500 
10300 
411100 

19 
181 
13 

62 
620 
37 
54 

440 

24 
263 
11 
20 

209 
10 

i 
582 

136.7 
118.0 
i a  .7 

17 
170 

2 
3 
6 
9 

420 

102 02 
54.5 
47.7 

17 
24 
34 
43 

1331 
328.8 
287.7 
36.1 

Rate Savannah River Co. 
Georgia! s Rate 
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You assure the Amerioan public glu',,nlum will have very little 
effect on mankind, citing studies, bolstering this comept and theory-- 
thatfs all it ls--theory. Mankind is not biologically adaptable to 
radioactivity and until he has lived with this new element in h i s  
environment for at least a thousand years-- you cannot postulate the 
end result. 

kllled-Gulf Nuclear Fuel Services Plant at Barrnwel1,South Carolina, 
promised the aitizens of S.C. and Georgia they could control their 
radioactive materials, but DuPont a t  Wen, South Carolina released 
50 grams of Tritium in May of 1974, plus Plutonium end Iodine In 1973 
and 1974 to be fallout on Georgiafs farms that raise our food and give 
us larger canoer, heart disease, stroke and fetal death rates in 1980fs 
1990f 9. 

Twenty years after oltleena of Savannah,Georgia began drinking t h e  
2.ffluent from %he Savannah River Installation they had the distinction 
of the highest incidence of stroke in the United States. That is 
assertalned by Regional Records. If W o n t  canct control accidental 
releases of wastes how can Allied-Gulf ? Ladies and Gentlemen, you 
know it is impossible. 

A SMALL EXPE;RIMENT 

In the oomty of Dawaon, which has the town of Dansonville,Georgia, 
the mC(ERDA) carried out an experbent of radiating plant life t o  
determine itfs effects long term and short term, the poor ignorant 
people were assured this was all very safe. They were in no immediate 
danger. They wasnft. This happened in the 19501s. 

Now lets look at the statistics o& Dawson County, twenty years later. 
1970, Dawson had a rate per 100,000 of 250.0 1971 a whopping 333.3 rate 
by Cancer. The state average was 131.9 Isn't t h i s  odd ? 

PLANT SAFETY 

In the last days of Maroh,1975, an anti-establishment group sabotaged 
the cooling system of a substation in San Jose,C&lifornia.- This is 
one step away from sabotage of a Lh% cooling system, the next the W R .  

Liquid sodium to cool the LHZ?BR burn6 on contact with air or water. 
Simpllfing the procedures for sabotage. If you are smart enough to 
build it, they are smart enough to destroy it. In the closing days of 
klarchY1975, a small candle flame closed the Browns Ferry Nuclear Plants 
in Alabama. Accomplishing more than we thousands, who opposed their 
construction and liscensing. Again luck prevailed where fools had trod. 

LEOAL ASPECTS 

individual rights recieved a higher priority than profit rights, the 
Magna Carta and Etc. 

Incased In the globe of history are mnwnts in time when man decided 
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Again  inan hhs cone t o  the moment of decision1 Does 2 few i4en of thc 
Nuclear Sc ien t i f i c  Comunity, s i t t i n g  i n  t a x  supported o f f i c e  buildings,  
have the  r i g h t  t o  decide for me and my fellowman, what tee-hnologies vi11 
furn ish  my energy requirements? 1.1111 t h e i r  decis ions be lega l ,  without 
tne vote  of the  people? If they decide t o  use the LMFBR, and people d ie ,  
can they be held accountable? Can men i n  responsible posi t ions i n  gov- 
errment agencies be brought before the Bar of Jus t i ce  f o r  arming a 
U t i l i t i e s  Company w i t h  a weapon with a txenty year death delay? Do tney 
have tire r i g h t  t o  arm the Ut i l i t i es  Companies with such f o r  the sake of  
p r o f i t ?  If I shoot someone w i t h  h gun and the b u l l e t  kills within one 
t>ient ie th  of a. second, I am indicted f o r  murder-- Am I any l e s s  g u i l t y  
i f  the  b u l l e t  thkes twenty years? Can a l e g a l  no t ice  of i r r e spons ib i l i t y  
as  pr in ted  on the i n s i d e  f r o n t  page of t he  Rassmussen Report Reactor 
?-"r;fety Study absolve the  perpetrat ing pa r t i e s?  The sane on the DPSPU 
74-30-1 Annual Report Environmental monitoring Savannsh Eiver P l m t  
E.I.DuPont de Nemours & Company, Aiken, S.C. 

C h n  the  Supreme Court of the United Sta t e s  force i n  the fu ture ,  the 
U t i l i t i e s ,  AEC(ERDA)from imposing on 10,000 future ,  ye t  unborn mer i can  
citizens, the  r e spons ib i l i t y  and expense of mainthining high l eve l  wCLste 
sto%ge f a c u l i t i e s  for Z50,OOO years? If i n  1985, a case cones before 
the Supreme Court and all hundreds of nuclear plaits has t o  be closed, 
can you not  see the ramifications? These l e g a l  profound questions hkve 
riot been invest igated by the  Nuclear Community. I assure you they w i l l  
come before the  courts.  

You the  AEC(ERDA) have Senator Nunn, Talmadge, and the  mauority of 
Georgia's Congressmen on your p o l i t i c a l  s ide  of the  seale. They a r e  
;mo:~n t o  be pro  nuclear.  You have Senator Baker from Tennessee, t he  
f l a g  bearer of the nuclear  banner. But do you have the  Supreme Court? 
I h ~ v e  seen raen convicted by a jury of murder on l e s s  c i r c m s t z n t i a l  
ev'dence than i s  now se l f  evident as the  cause of preiiature death t o  
t h o u s a d s  of my fel low Georgians. These a r e  r e a l  people, w i t h  lovers ,  
c~:icl sisters and brothers,  no t  numbers on a piece of pzper. 

by you t h e  AEX(ERDA) abe t t ing  the posioning of  our na t ive  s o i l ,  water 
tirid 3ur bodies, by the  a c t i v i t i e s  of SRP and construction of the L1G'X 
5i.r.t:; Iniles upwind from my hab i t a t .  

T expect these words t o  change not t h e  decis ion you make t o  build 
the LJIFPLR. I hope scholars  and h i s t o r i a n s  i n  the  next century w i l l  
I J e ~ ~ s ~  and Judge for  themselves your conduct and ra t iona le .  

1 pro te s t  this infringement upon the r i g h t s  of ny fe l low Georeimr 



A black 55 gallon steel drum rescued from the 
waters of Blue Ridge Lake, becomes the first 
methane gas generator in Fannin County. When filled 
with old hay, shredded dry leaves, grass clippings, 
one gallon chicken litter, gallon cow dung, one gallon 
methane material, ten gallons of warm water, and 
sealed tight. 

The gas is produced when organic matter is 
digested without the presence of air (anaerobic) the 
smart boys call it. As pressure builds a tractor tube, 
(used. compliments Bill Mason) collects the gas. The 
storage tank ( t u b e )  holds gas for one hour on one 
burner. 

I t  iyould be better to put :I inch pipe from drum to 
stow. but the copper tuheing was for propane, so I 
just left i t .  

In Pursuit Of Energy 
By Roy Dycus 

Having r e a d ,  been 
bombarded. with propaganda 
on the so celled (Energy Crisis) 
I decided to do same research 
on types of energy,  solar  
energy, atomic energy. all the 
rest. Last came a little used 
method- called Methane Gaa 
Generation. 

Did you know if all the 
methane from caltle lots. 
sewerage disposal treatment 
plan& garbage disposal sites, 
grass clippings, leaves from 
people's yards, if all these were 
digested, and the  methane 
compressed and liquified, it 
wouldheat half the homes in the 
U.S. A., and,the residue effluent 
Is a safe, uneable fertilizer? 
Very low BOD, flies will not lay 
eggs in it, has no odor and all 
pathogens and cunlforms are 
eliminated. 

If I with no resources, no 
money, and just about half 
smart. can make a digester 
methane generator, from scrap 
niaterials. that produces a 
clean fuel from wastes and 
garbage, can you guess what a 
team of smart boys, like the 
unemployed NASA Engineers 
could do? m e y  could if the 
Federal Government directed. 
create a small appliance 3 feet 
square to intercept garbage, 
sink waste. sewerage under the 
homes, and Hith a hopper 
grmder, to dispose of leaves and 
grass clippings All could be 

conserted to methane: 

compressed and liauifled for 
use as cooking and heating fuel, 
and the inert digested material 
packaged ,  r eady  for the 
garbage collector to haul away 
to farms or fertilizer o r  t&e 
home owner to u e  on theb 
yard .  

If these were pwduced on a 
m a s s  scale the cost would be 
verv low per unit.Qimhting 
s e w e r a g e  disposal plants  
because  nothing leaves the 
home but clean filtered water. 
lhls would leave only industrial 
sewerage  pollution, to be  
cleaned up at each industrial 
plant. 'Ihe present archaic Idea 
of intercepting sewerage a t  the 
r iver ,  treating and dumping, is 
the only one step up from the 
pioneers who put the outhouse 
over the creek -what  is needed 
a t  t he  highest plateau of 
governmental  sewerage and 
garbage programs is bold new 
th inke r s .  not leaders  who 
continue the same ideas used 
for a hundred years. Bigger, 
more costly treatment plants. 
bigger garbage burial grounds 
to pollute underground water 
for years to come. New ideas 
like - A small grinder capable 
of gr inding and packaging 
anything.  tin cans ,  glass ,  
plastic. the family could grind 
and bag garbage for recycling 
and k paid for their garhage 
instead of wwghtly garbage 
I ilns, ncat  s t a c k  o l  reuseable 
resources. 

Any nation who can design 

equipment to put two men on home waste conversion-unit. 
the m w n ,  return safely to earth But they won't, becalw you and 
time after h e .  can build P I .. ' Qn't make them. 

This stove burner is operating on g as made in the 
steel drum (arrow) outside. When the weather varies 
from 60 degree. at  night to 90 in the daytime, one 
hours burning of gas is made every 24 hours Boy. I f  I 
had two more drums, and about eight more cf Coot 
hlason's used tractor tubes, I could manufacture my 
owncooking gas. 

I 
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ying Faster? 
By WSSA IBRENZ 
Ilid 36 per cent more Cenrgians die during the first four 

months of this year than in the same period of 1913” And if 
it’s true. why: 

Neither the state or federal governments can answer 
those questions. although vit;il st:itistics compiled by the state 
and issued by the US. Public Health Service IPHSI show an 
appalling 5.812 ninre deaths in the first quarter of 1974 than in 
the first quarter of 1973-an increase of 36 per cent. 

A proniinent Pittsburgh physicist and outspoken critic of 
nuclear prolileration saw these figures and telegraphed Cov. 
Carter urging an investigation into the possibility that the 
state’s spiraling mortality rate is a result of radioactive re- 
leases from Ihe Atomic Energy Commission’s Savannah 
River nuclear installation. 

Dr. Ernest J. Sternghs, a radiological physicist at thr 

GEORGIA DEATHS 
Continued From Page IA 

the state Department of Human Resources (DHR). said there 
was no increase in deaths this year despite what the statistics 
say. But he said accurate data arenot yet available 

Dever said a “lag” in the state reporting svstem caused 
many deaths that actually occurred in 1973 to 6e reported’ in 
19’74, resulting in the apparent increase. 

“I know that roughly 5,000 of those in 1974 have to be 
allocated back to 1973 and ’12 and so on. It’s an improbability 
to assume that 5,000 more people died in 1974 than in the 
previous year. It’s just not possible barring a disaster,” 
Dever said. 

A spokesman for tbe National Center for Health Statls 
tics in Maryland, which released the data, said, “That‘s what 
was reported to us by the state.” The center’s public Infoma- 
lion officer said that the figures are not comparable from 
year to year because of some changes Georgia made some 
years ago in its reporting system. 

Dever, however, blamed the inaccuracy on delays by 
hospitals and county health departments in reporting deaths. 

The state reported 21,998 deaths in Georgia for January 
through April of this year and only 16,156 for the same period 
of 1973 and 15,941 for the first quarter of 1972. 

A statistician for the Atlanta office of PHS said such an 
increase is “not to be expected at all.” 

Sternglass’ telegram pointed out that the death rates ia 
all the states surrounding Georgia have declined, and added 
that Georgia has the highest cancer rate in the entire South 
Atlantic region. 

Thc physicist told the ,Journal that some m n t  studies 
have shaun (hat the danger from long-term exposure to 
radiation is not genetic damage, as prevhwdy believed, but 
a l l  damage. 

Stemglass said that radiation, In eomMnation with alst- 
lng physical weaknesses, such as high cholesterol levels, can 
&?use heart disease, strokes, hypertension qrl  cerebral d&- 
ease, according to some studies. 

Allhoufih t!ie PHS =port did not cakgdze c a w  d 
death. Sternglass predicted the inuem? would be in these 

Sternglass said although similar Increases In morality 
rates have been observed in other areas of the country mar 
nuclear inrhllations, the Georgia report is “the Iagest single 
indent  I have ever m e  a m . ’ ’  

Informed of Denver’s rnporse that the ngureS on whkb 
his alarming d i n p i s  wue based are faulty, Sternglass 
said. “That‘s very strange because there was no sueh Irregw 
larity m the pa% or anyplae else and I think the buden b 
certainly on the state to explain this. Five thousand &atha 
like this is not a small fluctuation.” 

The %V;lMah River plant Is a national defcm imtana- 
tlon which pruduces nuclear elements for weaporrr and Is 
ope?ted by the Dupmt 0. under oontract with the AEC. 

Ihe plant, which was built in 1950, is in South Cardha 
acrossthe Savannah River from Ciorgia just south af 
AUWta. Sternglass claimcd that evidence of damage to 
South Carolinians has also turned up in uleir death and & 
e m  rates 

C. M. P a l k m ,  a health physicist for DuPmt. called 

areas. 

University of Pittsburgh School of hledicine. alerted Carter 
by telegram late last w e k  1h;it the “Savannah lliver nuclear 
fdcility may huve had a severe elfect on the pcople of Ceor- 
gia.” and quotcd tile high mortality fiyres. 

Sternglass sent the telegram to the governor’s energy 
planner in the Orrice of Planning and Budget. where a spoke$- 
man confirmed receipt of the message hlonday. 

Jack Burris of that office said the telegram win be 
relayed to the governor. 

Carter‘s office said the governor is interested in Sterc- 
g l ad  concerns and will inves!igate the matter. 

Butt a loplevel health statistician for the state said the 
death figures are “provisional,” and therefore not an accu- 
.rate basis for Sternglass’ assumptions. 

Dr. Alan Dever, director of health services research for 
to Page U, Colnmn I 

Sternglass’ charges “typical“ of the long-time opponent d nu. 
clear power. 

Pattermn said the plant has only releasd a “major” 
amount of radiaactive material once in recent years. Iant 
May, a gas cloud of about 50 grams of tritium was released, 
amidentally, h m  a smoke stack 

?%e AEC reported at the t i , t h a t  the release posed rn 
danger to humans. Dr. SternglaE differed, howwer, charging 
tbat the amount was extremely dangerous. 

In addition, small amounts of lodine and pli~tonlum have 
been released from the p1ar.t in August 1914 and May 1973, 
Patiersonsaid 

?hme m e  accidental releases, But th plant mutlwy 
le* small amounts of radioactive matalaL 
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have plenty to eat. a good 
w3rm house in the winter. We 
like being conservative. to be 
.able to sed the same moun- 
tains our forefathers saw, 
knowing we will not leave 
them unless we choose. but 
the AEC and the Power Com- 

.panies are changing all that. 
they intend to make us live 
dangerously. Do you want to 
live dangerously? No! 

1 know most of the readers 
of this are thinking, no I do 
:not! Well my fricndspou will. 
R 1980 F’annin County will 
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1 Roy Dycus Feature 1 Living Is Dangerous In Fannin- 
Fannin  count ians  a r e  pany, noowneroperatorsofa Thatdoesn’t sound toobad 

noted for their resewed Nuclear Power Plant can be does it? In  1957 a study waa 
concepts, we like to play it -held responsible for more made by an  accredited scien- 
safe. knowing our children than 560 million of dollars. tific group, their report culled 

most of which is paid by the (WASH 740) ascertained 
tax  payers themselves 34.000 peoplc would bekilled. 
through Congress and the 43,0Winjured, 150.0M)square 
Senate. m i l s  would becontaminated 

with a pricctagof7billionsof 
dollars. You and I pay the 
difference, by losing our 
homes having to move away 
from ow land, becausepeople 
near the plant having the ac- 
cident getspaid flrst,and 560 
million dollars would reach 

only a few miles from the site. 
That’s with a n  accident in the 
plants designed before 1957, 
newerplantearemuch larger, 
more dangerous. All this to 
boil water. 

How Could An 
Accident H a p p e n  

A modem nuclear power 
plant h a s  more than 600 
valves, and operators have 
been known to close wrong 
valves, a n  earthquake, 
airplane crash, saboteur 
planting a n  explosive deivce 
in the right place, pipe break 
in the cooling system. control 
rods in backwards. like 
happened a t  the TVA’s 
Browns Ferry Plant #1 in 
Alabama this past July. 
M a n y  o t h e r  w a y s  too  
numerous to mention. 

In  theU.S.A. lastyearmore 
people died than  live babies 
were birthed, yet the Power 
Utilities Companies are rush- 
ingtocompletenuclearpower 
reactors, a s  if our population 
were exploding. Why? I know 
mme of you readers who are 
stillwithmrhavedecidedthe 
best thing to do is run. Move. 
get out of the country. Forget 
i t  The ARC plans to have 
1,OOO nuclear power plunts in 
the next 25 yearn. There is  
n o w h e r e  you c a n  go .  
Nowhere. 

One ounce of plutonium 
can produce lung cancer in 
everyone on eurth. yet the 
AEC plans tu use tuna hy the 
year 2.000. Can ynu imnginr 
what will hnppen if snnie 
nationdecidcd todropn sm;ill 
warhcnd on u nucleur pnwc r 
r e a c t o r  w i t h  t u n s  of 
plutonium? With Ruwinn 
MIKV’n uverheud. N-plunts 
on all sides. Good by world! 

i- ! .  
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until 50,oOO brave 
If that soundescarey.liaten young Americans will see the 

-each  nuclear reactor sun rise no more. I predict i t  
produoes high-level radioac- will take a nuclear accident 
tive waste. that must be k i l l i n g  4 0  to  50,000 
cooled and contained in leak- Americans in all  walksof life, 
proof containers for 24,400 before our Senators proclaim 
years, a t  tax-payers expense from the highest roof topa, 
of course. for all spent fuel “We don’t want any nudear 
becomes propertyof theAEC- power plants in Ckorgia.” 
th ink ,  24,400 years. your Within the next decade 
children8 children and  mine, nuclear power plants will 
for generations, to boil water become t h e  most con- 
today. tmveraial issue within the  

That’snot all, SenatorSam Federal Government, and  a 
Nunn’s ofice sent me AEC woman will take the blame. A 
documents showing plans. niceladynamedDr. DixieLee 
asking Congress for hun- Ray runs the AEC. When the 
dreda of millions to build a facta come out. Watergate 
storage facility to hold four will look like a boysfout 
score thousands of iron men meeting. because for years 
(80,000 s a m e  n u m b e r  the AEC was hid and sup- 
Solomon used to destmy the pressed reports showing how 
forests of Lebanon, ZOO0 dangerous N.plants are. 
years ago.) Each one foot in Heade will roll, conpessmen 
diameter, ten feet long, each and senators will bluster and  
radiating 5 kw of heat that actafterthousande havedied 
m u s t  b e  k e p t  c o o l e d  from leukemia and  other 
regardless of earthquakes. cancer, maybe  even a 
storms. plane crashes. war, radiation leak from a reactor 
any conditions. If not kept killing thousandswill haveto 
cool the canisters will melt. happen before our represen- 
releasing the radioactivity tatives in Washington will 
into the environment, one hit  act. 
on such a site would destroy All this is  quite futile 
the U S A .  You hud enough? anyway, atomic scientists 
You would like to see the havepredi ‘-4,atthepresent 
building of Nuclear Power rate ur irramating fuel, we 
Plants shpped? Sorry. n o  will h a v e  noth ing  but 
way. Sennturs Talmadge. irradiated left hy thc year 
Nunn. each  vote^ year after 2000. We will have used all 
year for the AECb a p  the unirrudinted furl. turning 
pmpriation without question. i t  into hipli-levrl wnwtc. What 
You can writc both if you this means is. wenre trailing 
wunt. but you willgr.tnorom- 25 yeit r n  of  e l e c t r i c  
mitments tu help  top the (oiithbniahes. and  air ron. 
building of. nuclrnr power ditinnrrs for 5OO.ooO ytiurrr of 
ylunt*. JUNL nice letters in amlinfi. monitoring end 
return: guurding I u r i w  ti1 wowtw. And 

A mnjority of citimnn thrrr  is no iiisurilnce nuninst 
wanted the U S. uut uf Vict- thin, try getting rudiution 
nam. yet thv government coverwe fur your pruprty.  
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UNITED STATES 

ENERGY RESEARCG AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Mr. Roy Dycus 
Shirley's Enterprises 
Roete 2, Box 121F 
Blue Ridge, Georgia 30513 

Dear Mr. Dycus: 

Thank you for your letter of April 8, 197.5 commenting on the Proposed 
Final Environmental Statement (PFES) for the Liquid Metal Fast Breeder 
Reactor (LMFBR) Program. The Energy Research and Development Adminis- 
tration (ERDA) staff responses to your specific comments are enciosed 
herewith. Your comments, along with all other written coments received 
on the PFES, as well as testimony presented at the Public Hearing held 
on May 27-28, 1975, have been taken into consideration in preparing the 
Final Environmental Statement. A copy of the Statement is enclosed for 
your information. 

Thank you again for your comments. 

Sincerely, 

Enclosures: 
1. ERDA Staff Responses to 

2. Final Environmental Statement, 
Speciftc Comments 

LMFBR Program 



V.58-15 

ERDA S t a f f  Responses t o  C o m e n t s  by Roy Dycus 

Comment (page 1): 

"...you contend i t  i s  p e r f e c t l y  f a i r  t o  keep t h e  n a t f o n s  energy 
budget unbalanced i n  f a v o r  of n u c l e a r  systems. 
is the product o f  a high-cost technology and i n  t h e  f i n a l  and most 
c o s t l y  s t a g e s  of i t s  development .... 
priority t o  a program not on its merits, or low fuel costs, but  
because i t  u s e s  t h e  most tax d o l l a r s  t o  develop," 

LMFBR, because i t  

In o t h e r  words, you g i v e  

ERDA Response: 

ERDA is concerned about  t h e  u s e  o f  t h e  t a x p a y e r ' s  money. 
to  u s e  t a x  d o l l a r s  i n  a way that w i l l  r e t u r n  t h e  g r e a t e s t  b e n e f i t s  t o  t h e  
taxpayers .  
program must be moved ahead as  r a p i d l y  as  possib€e.  
i n g  of t h e  b reede r  r e a c t o r  program and a l t e r n a t i v e  energy development 
programs, a c e n t r a l  r e s p o n s i b i l i t y  of E?.DA is t h e  s e t t i n g  of r e s e a r c h  
and development p r i o r i t i e s  among cospe t ing  energy source  o p t i o n s .  YOU 
are r e f e r r e d  t o  Sec t ion  11, 11.2 and S e c t i o n  I11 F of t h e  F i n a l  
Environmental Statement f o r  cos t -bene f i t  a n a l y s e s  j u s t i f y i n g  t h e  
expend i tu re s  f o r  t h e  LNFBR program. 

It is  our  goa l  

It i s  p r e c i s e l y  f o r  t h i s  r eason  that ue b e l i e v e  t h e  b reede r  
Regardins t h e  fund- 

Comments (pages 1 and 2) :  

"On page 4.2-256 you chart WASH 1400 s t a t i s t i c s  c a l c u l a t i n g  t h e  
chances of a n  a c c i d e n t  a t  one i n  a b i l l i o n  p e r  r e a c t o r  y e a r .  
Using the f a u l t - t h r e e  and even t - th ree  method of c a l c u l a t i o n .  
I a m  s u r e  i f  t h e  same method had been used t o  c a l c u l a t e  t h e  
chances t h e  c i t i e s  of Hiroshina and Nakisaka being des t royed  
w i t h  t h e  f i r s t  Atom bombs t h e  s ta t i s t ics  kould have p r e d i c t e d  
a 'low p r o b a b i l i t y  of occurrance,  even t  considered i n c r e d i b l e .  
S t a t i s t i c s  are harmless ,  when thev  come t r u e  people  d i e .  One 
I n  a b i l l i o n ?  "' 

ERDA Response: 

F a u l t  t ree and event  tree a n a l y s e s ,  as  used i n  r e a c t o r  s a f e t y  e v a l u a t i o n s ,  
are u s e f u l  and v a l i d  t o o l s .  They have been used e x t e n s i v e l y  i n  t h e  U.S. 
space  program, where they  have f u l l y  demonstrated t h e i r  va lue .  However, 
t hey  have n o t  been, nor  were they  intended t o  be,  used i n  m i l i t a r y  
s i t u a t i o n s  such as t h e  bombings of Hiroshima and Nagasaki. 

Comments (paees 2 and 3):  

"Let t h e  nuc lea r  e s t ab l i shmen t  spend t h e  same amount of 
tax d o l l a r s  on s o l a r ,  wind, and methane t h a t  w a s  s p e n t  on 
Shippingport ,  Yankee, Fermis,  The Bonus, Hallam, Elk River ,  
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Piqua,  Pathfinder ,  Carolina-Virginia, Peach Bottom, La 
Crosse, Big Rock Poin t ,  San Onofre, Haddam Neck, F t .  S t .  
Vrain, with as many test and design changes, and then see 
which I s  t he  b e s t  energy system t o  proceed with. 

... Let o the r s  develop the c o s t l y  nuclear  breeder technology. 
I f  we see w e  need it, w e  can h p o r t  t h e  technology." 

ERDA Response: 

ERDA agrees  that development of a l t e r n a t i v e  energy systems should be 
vigorously supported. 
program has l ed  ERDA to conclude that  cont inuat ion of research,  
development and demonstration of t h e  IXFBR concept is needed, cont inuat ion 
of the LNFBR Program w i l l  not  be a t  t h e  expense of a l ternat ive power 
generat ion and conservation concepts. Indeed, t hese  o ther  technology 
opt ions  are receiving, subs t an t i a l ly  increased appropr ia t ions  i n  the 
current f i s c a l  year and are proceeding a t  a pace l imi ted  only by t h e  
need t o  bui ld  up new programs e f f i c i e n t l y  and e f f ec t ive ly .  
the breeder has the  p o t e n t i a l  f o r  a major r o l e  i n  providing for our 
f u t u r e  energy supply. 
of t he  U.S. t o  r e l y  so l e ly  on o ther  count r ies  t o  develop t h i s  technology. 
The problems we are concerned about are (I) balance of t r a d e  and (2) 
s a fe ty  and l icens ing  . 

Although the  environmental review of t he  LMFBB 

We bel ieve  

We conclude t h a t  it would not be to t h e  bene f i t  

Comments (page 2): 

"One does no t  walk away from t en  thousand generat ions of high-level 
rad ioac t ive  w a s t e  survei l lance- i t ' s  l i k e  molasses on a c h i l d s '  
fingers--we have t o  eat it. 

ERDA Response: 

ERDA is studying permanent d i sposa l  concepts which would make long term 
surveillance unnecessary. As discussed i n  the  PFES, the  eva lua t ion  of 
promising geological  formations and sites leading t o  a p i l o t  geological  
reposi tory,  vhich i n  t u r n  could lead t o  a permanent d i sposa l  system, is  
a major par t  of t he  ERDA rad ioac t ive  waste program. A t  p resent ,  ERDA 
plans fu r the r  study of seve ra l  promising geologic formations o ther  than 
bedded sa l t ,  including study of s p e c i f i c  promising sites, t o  br ing  t h e  
s ta te  of knowledge of these  o ther  forna t ions  up t o  the  same l e v e l  as  
that of bedded sal t .  The goal  o f . t h i s  fu r the r  study is t o  permit a 
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comparative evaluat ion of these  formations and the  s e l e c t i o n  of t he  
optimum formation o r  formations f o r  p i l o t  p l an t  operat ions.  

Comment (page 3) : 

"In Volume two you descr ibe  t h e  vater bas in  concept RSSF 
criteria ou t l in ing  t h e  plans for s to r ing  80,000 one foo t  
by t en  f e e t  high l e v e l  rad ioac t ive  can i s t e r s .  T h a t  m u s t  
be kept i n  working order  regard less  of w a r ,  a i r c r a f t  
c rash  on s i te ,  sabatage,  human e r r o r ,  earthquake, meteor 
impact, any and a l l  a c t s  of man o r  God, o r  t h e  bas in  water 
begins t o  b o i l  in 16 hours, t h e  bas in  uater completely 
evaporates in 6 t o  7 days and-the basin,  c a n i s t e r s ,  l i n e r s ,  
Concrete, a l l  melts i n  one o r  two w e e k s ,  10,000 Kw of 
electric energy must be  maintained i n t o  t h e  site or t h e  
above w i l l  happen. You p r i n t  that so blaze: 80,000 
can i s t e r s ,  each rad ia t ing  3.25 Kw of heat-each f i l l e d  
wi th  plutonium t o x i c  wastes, each must undergo hundreds 
of operat ions from reac to r s  t o  the  s torage  si te without 
error o r  accident-" 

ERDA Response: 

P a r t s  of t h i s  comment are i n  e r ro r .  For example, as discussed i n  
Sect ion 4.6.3.1.5 of t h e  tMFBR Program PFES, emergency water sources  
and a standby electrical power system are ava i l ab le  on site. 
more, t h e  canisters come from the  f u e l  reprocessing p l an t s ,  not  t he  
reac tors ,  and the re  are only a few operat ions required between 
c a n i s t e r  loading a t  reprocessing p l an t s  and s torage  a t  t h e  water 
bas in  concept RSSF, not hundreds. 

Further- 

Comment (page 3 ) :  

"You.minta in  you can keep t h e  high l e v e l  rad ioac t ive  
wastes contained f o r  250,000,000 years ,  ye t  you could 
not  keep high l e v e l  rad ioac t ive  wastes contained f o r  
t h i r t y  years  a t  Richland, Washington." 

ERDA Response: 

As discussed i n  the  PFES, t h e  commercial hirh- level  wastes would be 
so l id i f ed  p r io r  t o  s torage.  The wastes that leaked a t  Hanford were 
high-level l i qu id  wastes (See Appendix 1I.F of t h e  PFES). 

I 



V.58-18 

4 

Comments (pave 4) :  

"In Volume 2 page 4.6-41 you so lve  the  problem of an enemy 
h i t t i n g  your high l e v e l  rad ioac t ive  w a s t e  s to rage  f acu l ty  
with massive missiles, with t h i s .  I quote 'Law probabi l i ty  
of occurrance,  event considered incredib le .  S i t e  l oca t ion  
would not  be i n  commercial a i r c r a f t  f l i g h t  path. '  

"Any tweleve year o ld  mental i ty  would reason an enemy would 
s t r i k e  t h i s  t a rge t  f i r s t .  Multiplying the  missiles des t ruc t ive  
power, Event considered incredib le .  The only thing inc red ib l e ,  
is  the  c redu l i ty  of the  AEC(ERDA)." . 

ERDA Response: 

The PFES discusses  the  p o s s i b i l i t y  of acts of war aga ins t  U.S. nuclear 
f u e l  cycle  f a c i l i t i e s  i n  Volume N, Sect ion 7.4.4.1. 
paragraph of t h a t  s ec t ion  reads: 

The concluding 

"The consequences t o  the  United S ta t e s  of any poss ib le  a t t ack  
must be viewed as p a r t  of a major nuclear  s t r i k e .  
e f f e c t  from the  a t t ack  on the  nuclear f a c i l i t i e s  would be masked 
by the  ove ra l l  consequences of a massive s t r a t e g i c  a t t ack .  
Given d i r e c t  h i t s  on the  f a c i l i t i e s ,  ca sua l t i e s  would a t  worst  
be of the  same range of magnitudes as those produced by the  
weapons themselves. When viewed i n  the  context of large-scale  
s t r a t e g i c  w a r ,  t he  add i t iona l  f a l l o u t  from the  at tacked 
f a c i l i t i e s  are unl ikely t o  g rea t ly  increase  casua l t ies . "  

The addi t iona l  

With respect  t o  t h i s  ove ra l l  conclusion, and t o  the  LMFBR i n  p a r t i c u l a r ,  
w e  i n v i t e  your a t t e n t i o n  t o  comments on the  PFES from the  Deputy Ass is tan t  
Secretary of Defense f o r  Environmental Qual i ty  (a  copy of whose le t ter  is 
reproduced elsewhere).  In  p a r t ,  these comments are: 

'%e have reviewed the document wi th  s p e c i a l  emphasis on the  
na t iona l  s ecu r i ty  aspects  of safeguards and be l i eve  the  state- 
ment has reasonably considered the  f a c t o r s  t o  balance the  
predicted environmental cos t  aga ins t  t he  po ten t i a l  gains t o  
our soc ie ty .  The impact of a m i l i t a r y  a t t a c k  d i rec ted  toward 
the  LMFBR has been adequately discussed,  and we concur i n  the  
f indings t h a t  the  DIFBR w i l l  not  s i g n i f i c a n t l y  a d d  t o  the  
problems confronting the  nat ion i f  w e  are involved i n  a war." 
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- Comments (page 4) :  

"A. J. Lehman Direc tor ,  Division of Pharmacology a t  the  Bureau 
of Biological  and Physical Sciences a t  t he  FDA, compiled 
information e s t ab l i sh ing  humans a r e  s i x  times as s e n s i t i v e  t o  
tox ic i ty  as dogs. Yet, t he  AEC(ERDA) are useing hundreds of 
dogs i n  t h e i r  t ox ic i ty  tests. An exerc ise  i n  f u t i l i t y .  

"Dogs have the  a b i l i t y  t o  manufacture ascorbic  ac id  in any 
amount needed t o  combat t o x i c i t y ,  humans'due t o  t h e i r  b io log ica l  
make up, do not  have t h i s  marked advantage. 

"If the  nuclear establishment plans t o  make s u r e  each ind iv idua l  
i n  our  population i n j e s t s  a minium of f i v e  grams of ascorb ic  
ac id  da i ly ,  then t h e i r  dog cont ro ls  might be  comparable. Mil l ions 
of our  c i t i z e n s  are cons t i t u t iona l ly  inadequate,  making these  
ind iv idua ls  much more s e n s i t i v e  t o  rad ioac t ive  tox ic i ty  than 
your many workers reported i n  the  impact statement as remaining 
hea l thy  a f t e r  being exposed. 'I 

ERDA Response: 

The comment concerning the  relative t o x i c i t y  of man and dog presumably 
r e f e r s  t o  a s i n g l e  t ab le ,  without accompanying t e x t ,  submttted by 
D r .  A. J. Lehman t o  the Quar te r ly  Bu l l e t in  of t he  Association of Food 
and Drug Of f i c i a l s  of the  United S t a t e s ,  Vol. XVIPI, No. 2,  p. 66, 
A p r i l  1954, as a "Topic of Current In t e re s t . "  By comparing average 
body weight,  the  weight r a t i o  of t he  animal spec ies  t o  man, and the  
"drug dose r a t i o "  of t he  animal spec ies  t o  man, r e l a t i v e  " s e n s i t i v i t i e s "  
were derived. 

Conversations with D r .  Lehman, now r e t i r e d ,  i nd ica t e  t h a t  h i s  t a b l e  
d id  not  refer t o  o r  include rad ioac t ive  materials, nor d i d  i t  p e r t a i n  
to  cancer induct ion following long l a t e n t  periods a f t e r  adminis t ra t ion ,  
nor d id  i t  r e f e r  t o  acute  tox ic i ty  l eve l s .  In  f a c t ,  t he  t a b l e  itself 
r e f e r s  only t o  undefined "drug tox ic i ty"  and "sens i t iv i ty"  which, according 
t o  D r .  Lehman, means the  f i r s t  response, of whatever na ture ,  of t he  
spec ies  t o  whatever chemical pharmaceutical is being considered. 

Furthermore, D r .  Lehman disclaims any assoc ia t ion  v i t h  the  s ta tements  
made regarding ascorbic  ac id ,  and ERDA is not  aware of t he  experimental  
data  which would support  such claims with respec t  t o  modifying any 
b io log ica l  response t o  plutonium. 
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Comment (page 5 ' ) :  

"We recieved the  rad ioac t ive  a f f luen t s  generated and released 
i n t o  the wind and water by the  nuclear  f u e l  reprocessing and 
reac tors ,  w e  recieved and in j e s t ed  through the  crops ra i sed  on 
our  own land rad ioac t ive  nucl ides  from both the weapons tests 
f a l l o u t  and the f a l l o u t  from SRP. That ' s  not  a l l .  We recieved 
rad ioac t ive  dosage from the shipments by r a i l  and highway'of 
highly dangerous radioact ive mater ia l s  with names unheard by most 
Georgia c i t i zens .  Trains  and t rucks with nuclear wastes, noble 
gases,  spent atomic fue l s ,  criss-crossed our great  s t a t e . . .  
Radioactive mater ia l  t o  the p l an t ,  radioact ive wastes t o  
b u r i a l  grounds .I' 

ERDA Response : 

A monitoring program t o  evaluate  the environmental e f f e c t s  of Savannah 
River re leases  of radioact ive materials has beeh i n  operat ion s ince  1951, 
p r i o r  t o  the  s t a r t u p  of SRP nuclear operat ions.  
obtained from t h i s  program has been made ava i l ab le  on a rout ine  bas i s  
t o  the  news media, t o  f ede ra l  and s ta te  environmental hea l th  agencies,  
and t o  the  public.  This program bas i ca l ly  measures the  quant i ty  of 
radionucl ides  re leased from SRP operat ions and the  d i s t r i b u t i o n  of 
these nucl ides  i n  the  environment. 

Radiation l eve l s  o f f s i t e  have general ly  proven t o  be too small t o  dis-  
t inguish  from background, and s imi l a r ly  the  amount of radionucl ides  
added by SRP t o  the o f f s i t e  environs has been, f o r  the most p a r t ,  too 
small t o  be dis t inguished from na tu ra l  background and f a l l o u t  from 
worldwide nuclear weapons tests. An exception is the  t r i t i um and the  
very small amounts of o the r  nucl ides  i n  the  SRP re lease  water and swamps. 
However, even f o r  t r i t i um,  the average concentration i n  a i r  a t  the p lan t  
per imeter  is normally less than 0.1% of the  concentration guide spec i f ied  
i n  10 CFR Part  20. Concentrations of a lpha emit t ing radionuclides i n  a i r ,  
water, and food crops co l lec ted  near SRP are not s t a t i s t i c a l l y  d i f f e r e n t  
from cont ro l  samples obtained a t  g rea t e r  d i s tances .  

Generally, the o f f s i t e  r ad ia t ion  doses from SRP re leases  are too low t o  
be measured d i r ec t ly .  These doses have been calculated from the  source 
releases (which can be measured with good accuracy),  the  measured 
d ispers ive  c h a r a c t e r i s t i c s  of the  atmosphere and the known major 
pathways of exposure t o  man. The ca lcu la ted  dose t o  an individual  
who resided continuously at  the p lan t  perfmeter s ince  the  s t a r t u p  of 
SRP (21 years)  would be 39 m r e m ,  and the  dose he would have received 
from na tu ra l  sources of rad ia t ion  during the same period would be 
2500 m r e m .  

Since 1961, da ta  

The calculated SRP dose t o  an individual  res id ing  50 miles 
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from SRP during these 2 1  years  would be  4-5 mrem.  
release doses t o  the  population out  t o  a d is tance  of 50 m i l e s  from the  
SRP perimeter were approximately 6400 man-rem o r  0 . 4 %  of the  population 
dose from natural sources during t he  same period. 
460 man-rem (0 .3X of na tu ra l  dose) t o  dawnstream population groups 
consuming Savannah River water containing rad ioac t ive  materials of SRP 
o r i g i n  . 

Tota l  SRP atmospheric 

To t h i s  m u s t  be  added 

The average dose t o  people in t he  Central  Savannah River Area from 
na tu ra l  sources  is about 1 1 7  m r e m  per  year  bu t  ranges up t o  th ree  times 
t h i s  value f o r  people l i v i n g  on the  Piedmont Plateau bordering the  
At l an t i c  Coastal  P l a in  northwest of Augusta, Georgia. 
of SRP re leases  t o  the  r ad ia t ion  dose of t he  publ ic  is very s m a l l  i n  com- 
par ison t o  the  average na tu ra l  r ad ia t ion  dose and smal l  i n  comparison t o  
the  va r i a t ion  of na tu ra l  r ad ia t ion  dose in t h i s  area. 

Thus, cont r ibu t ions  

Nuclear wastes,  noble gases,  and spent  f u e l s  are not  normally shipped 
from SRP t o  o the r  loca t ions  in t he  United S ta t e s .  Nuclear wastes from 
SRP operat ions are e i t h e r  s to red  i n  tanks ( l i qu id  form) o r  s to red  i n  a 
b u r i a l  ground ( so l id  rad ioac t ive  wastes) on the  site. Dose t o  the  publ ic  
from t h i s  waste handling is negl ig ib le .  
atmosphere and normally r e s u l t  i n  ind iv idua l  (at the  p l an t  perimeter) 
and 100 km-radius population annual doses of 0.2 m r e m  and 17 man-rem, 
respec t ive ly  (1974 da ta) .  Spent fue l s  generated i n  SRP r eac to r s  are 
processed i n  chemical separa t ions  p lan ts  on the  SRP s i te .  
exception t o  t h i s  w a s  a l imi ted  number of spent  f u e l  shipments t h a t  were 
made by r a i l  t o  Idaho i n  the  1 9 5 0 ' s  f o r  processing a t  the  Idaho Chemical 
Processing Plant .  

The primary shipments of rad ioac t ive  mater ia l s  t o  the  p l an t  are uranium 
feed materials f o r  manufacture i n t o  r eac to r  f u e l  and t a r g e t  elements. 
The primary shipments of rad ioac t ive  materials off t he  p l an t  are low- 
r ad ia t ion  l e v e l  plutonium, tritium and uranium, The exposure rate from 
these shipments are 1 mremlhr (and less) a t  s i x  f e e t  from t h e  s i d e  of 
t rucks and railway- cars. 

Shipments of higher  l e v e l  rad ioac t ive  materials requi r ing  sh ie ld ing  are 
made t o  and from SRP on an infrequent  bas i s .  
f u e l s  from o f f - s i t e  and byproducts (252Cf,  244Cm, 238Pu, 6oCo, etc.) of 
normal SRP operat ion.  

The Department of Transportation (49  CPR 171-178) l i m i t s  shipments of a l l  
these materials by common carriers t o  exposure rates of 10 mr/hr a t  6 f e e t  
from the  s i d e  of t he  t ranspor t  vehicle .  
less than 1 mrernlhr t o  5 mremihr a t  6 f e e t ,  w e l l  wi th in  the  D.O.T. 
r egula t ions .  

Noble gases are re leased  t o  the  

The only 

These cons i s t  of i r r a d i a t e d  

SRP shipments have ranged from 
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Because of t h e  v a r i e t y  of t h e  shipments and the  low l e v e l s  of r a d i a t i o n ,  
t h e  p o s s i b l e  dose from SRP shipments has  t o  be c a l c u l a t e d .  Th i s  
c a l c u l a t i o n  g ives  an upper l e v e l  exposure of less than  1 man-rem pe r  
y e a r  f o r  a l l  SRP shipments.  

Comment (page 5): 

"In 1954, t h e  SRP became o p e r a t i o n a l  and keeping r eco rds  of t h e  
est imated releases of n u c l i d e s  t o  t h e  atmosphere. Tha t ' s  r i g h t ,  
es t imated.  They assume about f i f t y  pe rcen t  of t h e  plutonium 239 
r e l e a s e d  by SR@ was t r a n s p o r t e d  t o  t h e  surrounding country s i d e .  
They don ' t  know how much and how f a r .  
d i f f e r e n c e ,  t hey  e s t i m a t e  e igh ty - f ive  pe rcen t  of plutonium 238 
r e l e a s e d  f e l l  on t h e  peoples  l and ,  o u t s i d e  SRP, a t  Aiken, S.C. 
Con t rac to r ,  E. I. DuPont de Nemours and Co." 

Due to t h e  p a r t i c l e  s i z e  

ERDA Response: 

The Savannah River P l a n t  has  been keeping r eco rds  of measured releases 
of r a d i o a c t i v e  materials t o  t h e  environment s i n c e  s t a r t u p .  The e s t i m a t e s  
r e f e r r e d  t o  are presumably i n  r e fe rence  t o  d a t a  SR supp l i ed  on c a l c u l a t i o n s  
of o f f s i t e  ve r sus  o n s i t e  d e p o s i t i o n  of t h e  measured plutonium r e l e a s e s .  
Thfs c a l c u l a t i o n  w a s  based on average me teo ro log ica l  d i s p e r s i o n  cond i t ions  
and d e p o s i t i o n  v e l o c i t i e s  of plutonium p a r t i c l e s '  r e p r e s e n t a  
emission p o i n t s .  Because of d i f f e r e n c e s  i n  c h a r a c t e r i s t i c  '"Pu and 
239Pu p a r t i c l e  parameters ,  i t  was c a l c u l a t e d  t h a t  50% of 2 3 9 ~ ~  p a r t i c l e s  
w e r e  t r anspor t ed  by t h e  atmosphere beyond t h e  p l a n t  pe r ime te r  and 85% 
of t h e  238Pu beyond t h e  p l a n t  pe r ime te r .  
performed i n  1973 i n d i c a t e s  t h a t  t hese  meteorological  d i s p e r s i o n  cal-  
c u l a t i o n s  are adequate ,  v i t h i n  t h e  degree of accuracy of such c a l c u l a t i o n s ,  
t o  d e s c r i b e  t h e  t r a n s p o r t  of SRP plutonium by t h e  atmosphere. Resu l t s  of 
t h e  s o i l  monitoring program1 a r e  compared w i t h  t h e  c a l c u l a t e d  t r a n s p o r t  
i n  t h e  fol lowing t a b l e .  

e of SRP 

A s o i l  monitoring program 

h c c l e a r e n ,  H. A . ,  "Plutonium i n  S o i l  a t  t he  Savannah River  P l a n t  , ' I  DPSPU 
74-30-14, Savannah River  P l a n t ,  April.  1974. (A paper  presented a t  the  
Second A?X Environmental P r o t e c t i o n  Conference,  Albuquerque, N l f ,  A p r i l  16-19, 
1974 and publ ished i n  "Proceedings of the Second M C  Environmental P r o t e c t i o n  
Conference," WASH-1332 (74) ,  Volume 1, J u l y  1974). 

n 
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Plutonium Deposit ion,  Curies 

- On S i t e  Off S i t e  

(a) 
(4 Curies Calculated (a) Measured (b) Calculated 

Isotope Released Transport Deposit ion Transport Deposit ion 

238Pu 0.6 0.09 0.2 (33%) 0.51 0.4 (67%) 

239Pu 2.9 1.45 1 . 2 4  (42%) 1.45 1.7 (58%) 

(a) Calculated from meteorological dispers ion.  
(b) Determined from soil analyses.  
(c )  Data i n  t h i s  column w a s  obtained by sub t r ac t ing  measured o n s i t e  

depos i t ion  from the measured release. 

1 The s o i l  analyses  
t o  plutonium s o i l  content  t o  a dis tance  of 2 km from the  chemical sepa- 
r a t i o n s  areas, w e l l  wi th in  the  p l a n t  boundary. 
i n  s o i l s  on p l an t s  and nearby loca t ions  off  p l an t s  were no g rea t e r  than 
amounts from world-wide f a l l o u t  i n  t h i s  region. (See following tab le . )  

hcClea ren ,  H. A., "Plutonium i n  S o i l  a t  t he  Savannah River P lan t , "  DPSPU 

performed i n  1973 indicated Iheasurable SRP cont r ibu t ion  

Beyond 2 km, t o t a l  plutonium 

74-30-14, Savannah River P lan t ,  Apr i l  1974. 
Second AEC Environmental Pro tec t ion  Conference, Albuquerque, hM, Apr i l  16-19, 
1974 and published i n  "Proceedings of t he  Second A E C  Environmental Protect ion 
Conference , I t  WASH-1332 (74) , Voluae 1, July  19 74 .) 

(A paper presented a t  t he  

Perimeter and Off Site 
Plutonium In Soils, 1973 

2* Deposit ion,  mCi/km 
- 239Pu 238Pu Tota l  

SRP Perimeter 1.78 5 0.65 0.08 2 0.05 1.86 

160 km rad ius  1.69 2 0.49 0.12 5 0.09 1.81 

Raleigh, N. C. 2.4 0.10 2.5 

Tulsa,  O k l a .  2.2 0.09 2.3 

*Measured in t he  top 30 c m  of su r face  soil. 

R e s u l t s  of s t u d i e s  conducted i n  1974 and 1975 ind ica t e  t h a t  t r a c e  q u a n t i t i e s  
of plutonium from SRP operat ions may cont r ibu te  t o  the  t o t a l  plutonium i n  
the  environment, even though the  t o t a l  concentrat ions of plutonium w e r e  
wi th in  normal background ranges f o r  t h i s  region. 
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Comment (page 5) : 

" S t a t i s t i c s  of population, deaths  from cancer, celebrovascular,  
heart disease,  f e t a l  deaths,  are from Georgia's records of t he  
U.S. Dept. of Health, Education and Welfare V i t a l  S t a t i s t i c s  
Records. 
be made, regarding Georgia's s ta t is t ics .  

Both open t o  the  public.  And one important po in t  must 

"Dr. Alen Dever, Di rec tor  of Health Services Research, Dept. of 
Human Resources, s t a t e d  i n  1974, i n  a newspaper ar t ic le  t h a t  
due t o  a l a g  i n  the  report ing of deaths:  
5,000 of those i n  1974 have t o  be a l loca ted  back t o  1973 and 
1972, and so on.' 
reported in Georgia, in 1974 should be about 56,000 deaths." 

'I know t h a t  roughly 

I n  o the r  words the  t o t a l  50,124 deaths 

ERDA Response: 

This l a s t  sentence is obviously a mis in t e rp re t ahon  of D r .  Dever's 
statement.  
about 45,000. 

The t o t a l  number of deaths  i n  Georgia i n  1974 should be 

Comment (pages 5-9) : 

Mr. Dycus claims t h a t  SRP has contr ibuted heavi ly  t o  increased 
mor ta l i ty  rates i n  Georgia count ies  along the  Savannah River 
extending from Richmond County (Augusta, Georgia) t o  Chatham 
County (Savannah, Georgia) . 

ERDA Response: 

Death rates i n  these count ies  from cardiovascular d i seases  and a l l  causes 
of death are i n  f a c t  higher  than the  average f o r  Georgia as a whole, as 
Hr. Dycus' da t a  ind ica tes .  However, contrary t o  M r .  DYCUS' s ta tement ,  
t he  nine Georgia count ies ,  re fe r red  t o  as "Savannah River Counties," a l s o  
showed death rates grea te r  than Georgia i n  1950, p r i o r  t o  SRP s t a r tup .  
The following da ta  is taken from the  same Georgia mor ta l i ty  t ab le s  used 
by Mr. Dycus. 

1950 Death Rates 1 

Death Rate/100,000 Population 

Population Tota l  Fetal(a)  Heart Cancer Strokes 

Savannah River Counties 349,000 1037.2 70.5 352.1 93.1 143.0 

Georgia 3,454,000 880.6 58.7 267.5 96.7 118.6 

(a) Lis ted as s t i l l b i r t h s  and are not d i r e c t l y  comparable t o  da t a  
published i n  l a t e r  years.  
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Mr. L)ycus may have hes i t a t ed  t o  use the  Georgia da t a  before  1966 because 
the  bases  f o r  t he  statist ics changed seve ra l  t i m e s  i n  1950-1966 per iod,  
bu t  t h e  same pa t t e rn  is also documented i n  seve ra l  epidemilogical s t u d i e s  
f o r  t he  1949-1951 and la ter  periods.2,3.4,5 

Currently,  an epidemiological survey is  being made by a un ive r s i ty  
epidemiologist-health demographer of t he  population i n  areas surrounding 
SRP and a population downstream from SRP t h a t  consumes t r ea t ed  Savannah 
River water. 
ana lys i s  of da t a  l ed  t o  the  following s ta tement  i n  a recent  technica l  
paper :6 

"Some-people have expressed concern t h a t  t h e  low l e v e l  of r ad ia t ion  given 
off by nuclear  reac tor  i n s t a l l a t i o n s  such as the  Savannah Paver Plant  o r  
nuclear generat ing p lan ts  such as the  one planned f o r  Calloway (MO) may 
possibly cause an increase  i n  deaths.  
in Aiken County, South Carol ina,  near  Augusta, Georgia. We have already 
reported t h a t  areas i n  South Carol ina,  Georgia, and adjacent  states have 
among the  h ighes t  death rates i n  t h e  e n t i r e  country. 
could r ad ia t ion  be the  cause. 
(1) In periods p r io r  t o  the  operat ing of t he  Savannah River P lan t ,  1949-1951 
and 1952-1954, t h i s  area already had high rates (Table 2) .  (2) Both i n  
1949-1951 and i n  more recent  per iods,  t he  area with high rates extends 
roughly from eas t e rn  Alabama, t o  Norfolk, Vi rg in ia ,  between the  Fall Line 
and the  At l an t i c  Ocean. 
e i t h e r  below-average o r  very lw rates. 
s u b s t a n t i a l  b a s i s  f o r  r e j e c t i n g  r ad ia t ion  as a cause." 

The epidemiological survey is incomplete b u t  preliminary 

The Savannah River P lan t  i s  located 

You may w e l l  ask: 
Our f indings  may be summarized by two approaches: 

Georgia count ies  northwest of Augusta tend t o  have 
Available evidence p r w i d e s  a 

Table 2 

Death Rates for S e l e c t e d  Causes by Distance From 
Savannah River P lan t ,  1952-19546 

(Average annual death rates per  100,000 population, age-sex-race- 
adjusted by the  ind i r ec t  method, using the  U.S., 1949-1951, as the  
s tandard community. The Savannah River P lan t  began opera t ion  i n  

Cardio- Other 
1954-55.) 

Distance f ram vascular  Cancer Diseases 
Savannah All Renal (-911 (Except 

Causes Diseases Forms) I C D  750-795) -- River P lan t  
Less than 50 miles: 

Aiken County, S .  C. 10 76 5 78 122 182 
Augusta -- 

Richmond Co., G a .  10 74 6 35 1 4 4  173 
Rural Georgia 9 84 522 10 7 172 
Rural S. C. 1025 5 79 126 15 7 

50-99 miles  967 5 49 125 148 
100-149 miles 9 35 529 118 145 
United S t a t e s  908 483 140 148 
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7 A study by the  South Carolina State Board of Health of i n f a n t  mor ta l i ty  
rates i n  count ies  i n  South Carolina f o r  t he  per iod 1943-1970 came t o  the  
following conclusion: 

"In summary, a comparison of i n f a n t  mor ta l i ty  rates of these 
seven countfea contiguous t o  o r  c lose  by SRP show t h a t  six 
count ies  have experienced a change i n  rate of decline* of 
mor ta l i ty  rates before  SRP operat ions.  One county d i d  not  
experience the  break u n t i l  approximately 1960. 
count ies  surveyed show downward t rends i n  i n f a n t  mor ta l i ty  
over the  period s tudied .  The hypothesis t h a t  count ies  con- 
t iguous t o  o r  c lose  by the  P lan t  would shaw increased 
incidences of i n f a n t  mor ta l i ty  wi th  the  incidence of P lan t  
opera t ion  m u s t  be  re jec ted ."  

A l l  t he  

*Rate of dec l ine  decreased. 

1. "Georgia Nata l i ty  and Mortal i ty  Stat is t ics  - 1950." Georgia 
Department of P u b l i c  Health,  

- 

2. 

3. 

4. 

5 .  

6 .  

7. 

Sauer,  H. I., G .  H. Payne, C. R. Council, and J. C. Terrell,. 
"Cardiovascular Disease Mortal i ty  Patterns in Georgia and North 
Carolina," Public Health Reports,  Vol. 81, No. 5 ,  May 1966. 

Sauer, B. I., "Geographic Differences i n  the  Risk of Premature 
Death, 'I Business and Government Review, May-June , 19 70. 

Sauer,  H. I., "Epidemiology of Cardiovascular Mortal i ty  - Geographic 
and Ethnic," American Journal  of Publ ic  Health,  Vol. 52,  No. 1, 
January 1962. 

Sauer,  H. I. and F. R. Brand, "Geographic Pa t te rns  i n  t h e  Risks of 
Dying," The Geological Society of America, Memoir 123, 1971. 

Sauer, 11. I., "Environmental Factors  Associated vith t he  Risks of 
Dying," Department of Community Health,  Universi ty  of Hissouri ,  
Columbia, Missouri. (A paper presented a t  the  Elissouri Academy 
of Science Meeting, Apr i l  26, 1975, Liber ty ,  Missouri.) 

Priester, L. E., "A Study of In fan t  Mortal i ty  i n  Selected Counties," 
South Carolina S t a t e  Board of Health,  October 1971. 
t o  t he  Spec ia l  Committee Studying Nuclear F a c i l i t i e s  i n  South 
Carolina.  ) 

(A statement 
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Comments (page 9 ) :  

"You assure  the  American publ ic  plutonium w i l l  have very l i t t l e  
e f f e c t  on mankind, c i t i n g  s tud ie s ,  bo l s t e r ing  t h i s  concept and 
theory--that ' 8  a l l  i t  is--theory. Mankind i s  not  b io log ica l ly  
adaptable  t o  r ad ioac t iv i ty  and u n t i l  h e  has  l ived  with t h i s  
new element i n  h i s  environment f o r  a t  least a thousand years-- 
you cannot pos tu l a t e  t he  end r e s u l t .  

"Allied-Gulf Nuclear Fuel Services P l a n t  a t  Barnwell, South 
Carolina,  promised the  c i t i z e n s  of S.C.  and Georgia they could 
con t ro l  t h e i r  rad ioac t ive  mater ia l s ,  bu t  DuPont a t  Alken, 
South Carolina released 50 grams of Trit ium i n  May of 1974, 
p lus  Plutonium and Iodine i n  1973 and 1974 t o  be  f a l l o u t  i n  
Georgia 's  farms t h a t  raise our food and give us l a rge r  cancer, 
hea r t  d i sease ,  s t roke  and f e t a l  death r a t e s  i n  1980's 1990's." 

ERDA Response: 

On May 2, 1974, 50 grams (479,000 C i )  of t r i t i u m  gas were re leased  from 
a Savannah River exhaust s t ack  t o  t h e  atmosphere over a period of four  
minutes. 
valve i n  a t r i t i u m  processing f a c i l i t y ,  
s i n g l e  release of t r i t i u m  gas i n  the  21-year operat ing h i s t o r y  of SRP. 
The rad ia t ion  dose from inha la t ion  by people exposed t o  h ighes t  con- 
cen t r a t ions  of t he  gas i n  a i r  were less than 0.05 m r e m  as determined by 
ana lys i s  of ur ine  samples. Press  releases were made a t  t h e  t i m e  of the  
Inc ident  and a de ta i l ed  account of the  environmental e f f e c t s  of the  
release were published i n  November 1974.1 
ment t o  completely contain the  release from such valve f a i l u r e s  a r e  
being proposed f o r  budgetary considerat ion.  

Small amounts of other  radionucl ides ,  including iod ine  and plutonium, 
are re leased  t o  the  atmosphere during normal operat ions of SRP. 
amounts of t he  releases and the  r e su l t i ng  population doses are reported 
annually2 t o  the  news media, f ede ra l  and s ta te  hea l th  agencies ,  and 
i n t e r e s t e d  members of the  publ ic .  These releases r e s u l t  in publ ic  doses 

The release re su l t ed  from a meta l lurg ica l  f a i l u r e  of a process 
This r e l ease  was the  l a r g e s t  

Modifications t o  the  equip- 

The 

1. Marter, W. L., "Environmental Ef fec ts  of a T r i t i u m  Gas Release from 
t h e  Savannah River P lan t  on May 2 ,  1974," DP-1369, Savannah River 
Laboratory, November 1971,. 
"Environmental Monitoring i n  the  Vic in i ty  of t he  Savannah River Plant ,"  
DPSPU-75-30-1, Savannah River P lan t ,  1975. (This is t h e  l a tes t  i n  a 
series of repor t s  made ava i l ab le  t o  the  public s i n c e  1961.) 

2. 
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t h a t  are a small f r a c t i o n  of 11 of the  dose received annually i n  the  
Central  Savannah River Area from n a t u r a l  sources of r ad ia t ion  exposure, 
People i n  many areas of t h e  United S t a t e s  receive n a t u r a l  r ad ia t ion  
doses seve ra l  t i m e s  t h a t  received i n  the  Central  Savannah River Area with 
no detec tab le  b io log ica l  e f f e c t s .  
received by the  publ ic  i n  the  Cent ra l  Savannah River Area from SRP releases 
I s  small when compared t o  na tu ra l  r ad ia t ion  dose and i t  is concluded t h a t  
t he  b io log ica l  e f f e c t s  are negl lgib le. 

The small amount of r ad ia t ion  dose 

Comment (page 9 ) :  

"Wenty years  a f t e r  c i t i z e n s  of Savannah, Georgia began drinking 
the  a f f l u e n t  from the  Savannah River I n s t a l l a t i o n  they had the  
d i s t i n c t i o n  of t h e  h ighes t  incidence of s t roke  i n  the  United 
S ta t e s .  That is asser ta ined  by Regional Records. I f  DuPont 
can ' t  con t ro l  accidental releases of w a s t e s  how can Allied-Gulf? 
Ladies and Gentlemen, you know i t  is impossible." 

ERDA Response : 

The c i t i z e n s  of Savannah, Georgia have a h i s t o r y  of h ighes t  s t r o k e  
incidence i n  the  United S ta t e s  and a l s o  of high mor ta l i ty  rates from 
a l l  causes. This condi t ion w a s  observed p r i o r  t o  operat ion of SRP, as 
discussed previously.  
Georgia is from deep w e l l s .  Provis ion is made t o  supply Savannah with 
water from the  Savannah River (from Cherokee H i l l  Vater Treatment P lan t ,  
Port  Wentworth, Georgia) during unusual peak water demands i n  the  summer. 
Hovever, such use has been inf requent ,  
had been continuous s i n c e  p l an t  s t a r t u p ,  t he  body dose t o  an  average 
ind iv idua l  Over the  21-year per iod would have been less than 20 m r e m  
o r  less than 1% of t h e  na tu ra l  r ad ia t ion  dose during t h e  same period. 
The inference t h a t  t he  citizens of Savannah have the  h ighes t  s t r o k e  
Incidence i n  the  United S ta t e s  twenty years  a f t e r  dr inking e f f l u e n t  
from the  Savannah River i n s t a l l a t i o n  ( the  inference  of a r e l a t ionsh ip  
between these f a c t s )  is unfounded. 

The domestic water supply of t h e  City of Savannah, 

Even i f  r i v e r  water  consumption 

During the  1 9 6 0 ' s ,  some rad ioac t ive  materials from SRP releases (pr imari ly  
cesium-137) were deposi ted i n  about 1.7 square miles  of o f f s i t e  swamp 
downstream from SRP.1 Gamma r ad ia t ion  exposure rates ranged from 5 t o  120 
uR/hr I n  a f f ec t ed  areas of t he  swamp.2 

1. Marter, W. L., "Radioact ivi ty  from SRP Operations i n  a Downstream 

There are no permanent res idents  

Savannah N v e r  Swamp, 'I DP-1370, Savannah River Laboratory, 
September 1 9 7 4 .  
"Environmental Monitoring the  Vic in i ty  of t h e  Savannah River P lan t  ," 
DPSPU-75-30-1, Savannah River P lan t ,  1975.  

2. 
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in the swamp. 
and fishermen who spend a few hours t o  a few hundred hours i n  t h e  swamp 
vould range from less than 1 m r e m  t o  a few t e n s  of m r e m  per year .  
contaminated sediments are r e l a t i v e l y  irauobile and are expected t o  
remain so. No increase  i n  exposure rates is expected from cur ren t  
releases of r ad ioac t iv i ty .  However, t h e  svamp w i l l  be  monitored a t  
least annually i n  the f u t u r e  t o  provide a basis for continued evaluation. 

An incremental  r ad ia t ion  dose above background t o  hunters  

The 

comment (page 9): 

"In t h e  county of Dawson, which has t h e  town of Dawsonville, 
Georgia, t he  AEC (ERDA) car r ied  out  an experiment of r ad ia t ing  
p l an t  l i f e  t o  determine i t ' s  e f f e c t s  long term and short term, 
the poor ignorant  people were assured t h i s  vas a l l  very sa fe .  
They w e r e  i n  no immediate danger. They wasn't, This  happened 
i n  the 1950's. 

"Now lets look a t  t h e  statist ics of Dawson County, twenty years  
later. 
whopping 333.3 rate by cancer. 
I s n ' t  th i s  odd?" 

1970, Dawson had a rate per  100,000 of 250.0 1971 a 
The state average w a s  131.9 

XRDA Response: 

During the  1950's t he  Lockheed Ai rc ra f t  Corporation constructed and 
operated an  unshielded r eac to r  f o r  t h e  U.S. A i r  Force i n  Dawsonville, 
Georgia. I n  order  t o  take  advantage of t h i s  s i t u a t i o n ,  t h e  Atomic Energy 
Commission supported s c i e n t i s t s  a t  Emory Universi ty  who monitored, 
s tudied and recorded the  e f f e c t s  of t he  r a d i a t i o n  from t h i s  r eac to r  
on the surrounding b io ta .  
publ ic  received any expvsure from t h i s  operation. 

To our knovledge, no member of t h e  general  

Comment (page 9) : 

"In the  last  days of March, 1975, an anti-establishment group 
sabotaged the  cool ing system of a subs ta t ion  i n  San Jose,  
California.-  This  is one s t e p  away from sabotage of a LWR 
cooling system, the  next t he  LMFB3. 

"Liquid sodium t o  cool  t he  LNFBR burns on contac t  with a i r  o r  
water. Simplifing t h e  procedures f o r  sabotage.  I f  you are 
smart enough t o  bui ld  i t ,  they a r e  smart enough t o  des t roy  
it. I n  t h e  c los ing  days of klarch, 1975, a small  candle  flame 
closed the  Browns Ferry Nuclear P l a n t s  i n  Alabama. 
iag more than w e  thousands, who opposed t h e i r  cons t ruc t ion  
and l icens ing .  

Accomplish- 

Again luck prevai led where f o o l s  had trod." 

I 
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ERDA Response: 

The PPES gives f u l l  recogni t ion i n  Sect ion 7 . 4  t o  t he  p o s s i b i l i t y  of 
attempted sabotage aga ins t  nuclear  f u e l  cyc le  f a c i l i t i e s .  
aga ins t  sabotage is an i n t e g r a l  pa r t  of t he  present  safeguards system, 
and w i l l  continue t o  be emphasized a s  strengthened safeguards are 
developed f o r  t he  fu ture .  

Protect ion 

Comments (pages 9 and 10): 

"Again man has  come t o  the  moment of decision! 
Men of t he  Nuclear S c i e n t i f i c  Community, s i t t i n g  i n  tax 
supported o f f i c e  bui ld ings ,  have the  r i g h t  t o  decide f o r  m e  
and my fellowman, what technologies w i l l  fu rn ish  my energy 
requirements? Will t h e i r  decis ions be  l e g a l ,  without t he  
vote  of t he  people? ..." 

Does a few 

ERDA Response: 

ERDA cane i n t o  being on January 1 9 ,  1975. 
Congress and the  President  is t o  generate  an a r r ay  of s a f e ,  sound, 
environmentally compatible energy technology opt ions f o r  s e l e c t i o n  and 
use by the  country as a whole. ERDA conceives of i t s  r o l e  no t  as 
imposing anything on anybody o r  d i c t a t i n g  which choices are t o  be made. 
Rather ERDA's funct ion is t o  assure  t h a t  choices can be made by the 
people of t h i s  Country and t h e i r  representa t ives .  The dec is ion  t o  continue 
the  LMFBR Program through the  research,  development and demonstration 
s tages  a t  least  has been made by the  Administrator of ERDA. An ERDA 
decis ion obviously does not  preclude o r  forec lose  publ ic  debate o r  a 
p re s iden t i a l  o r  congressional dec is ion  t o  continue o r  terminate  the  
program. 

Its mission as mandated by 



V.59-1 

DATE: A p r i l  5 ,  1975 

To : W . H. Penning ton 
Dlvi s i o n  of Biomedical & Ehvironmental  Research 
U.S. Energy Research & hve lopmen t  Admin i s t r a t ion  
Washing ton, D.C . 205L15 

FROM: C a t h e r i n e  T. @igg  
Vice p r e s i d e n t  
P o l l u t i o n  & Environmental  Problems, Inc. 
54 S .  Brockway 
P a l a t i n e ,  I l l i n o i s  60067 

S U B J E T :  The Liquid Metal F a s t  Breeder  Reactor  (LMFBR) Program 

To r e a d  the  U.S. Atomic Energy Commission's Proposed Environmental 

Statement ori t h e  LFlFBR i s  t o  be overwhelmed.. .ovei@whelmed by 

the magnitude o f  the assumptions o f  the breeder !s  proponents, 

It  dawns on the rev iew t h a t  m i l l i o n s  o f  Americans are b e i n g  asked 

t o  make one o f  the most impor t an t  a e c i s i o n s  - a f f e c t i n g  the 

q u a l i t y  and l e n g t h  o f  t h e i r  l i v e s  - based  on assumptions tha t  are  

b i a s e d ,  imprec i se  and o v e r l y - o p t i m i s t i c .  Some o f  the A E l s  

b l i t h e  assumptions have already proved erroneous; o t h e r s  w f l l  

t a k e  years t o  d i sprove ,  But can w e  a f f o r d  t h i s  l uxury  of t i m e  

when the r i s k  invo lved  I s  o u r  h e a l t h  and o u r  l i v e s  and that of  

f u tur e gene r a ti on s , 

FALSE ASSUMPITON #1: ,THAT THE LiVIFi3R I S  S A F E  To OPERA'TE. 

"...the e x p e c t a t i o n  that E D A s  ( h y p o t h e t i c a l  
c o r e  d i s r u p t i v e  a c c i d e n t s )  ~5.11 n o t  b e  e n s r & e t i c  
enough to  cause  breaching  o f  p r imary  o r  secondary 
containment  i n  p r o p e r l y  des igned  p l a n t s  so that  
pub l i c  h e a l t h  and safeLy consequences a r e  estim- 
a t e d  to be smal l , "  (WASH-1535; Dec. 1974) 
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THE FACTS: a g i n e e r s  have y e t  to solve the problem of p r e c i s e l y  

spacing the thousands of s t a i n l e s s  s t e e l  r o d s  holding the 

f i s s i o n a b l e  mater ia l  i n  the  r e a c t o r ' s  core. Unless the sodium 

can f r e e l y  flow around the rods,  dangerous overheating and melting 

r e s u l t ,  a s  demonstrated by the  f a i l u r e  of the small  experimental 

Fermi breeder near Detroit .  

FALSE ASSUMPTION #2: THAT SODIUM IS A WISE CHOICE AS A COOLAN2 
FOR THE LMFBR. 

"The negat ive aspec ts  of sodium were 
outweighed by i t s  outs tanding advantages." 
(WASH-153S9 h c .  1974) 

THE FACTS: m e r e  is one outs tanding advantage o f  sodium - i t s  

a v a i l a b i l i t y ,  As the  AH2 r e p o r t  s t a t e s ,  ". . .U.S .  indus t ry  has  

a wel l -es tabl ished c a p a b i l i t y  f o r  producing high grade sodium 

i n  l a r g e  quant i t ies ."  It looks l i k e  economics over  safety.  

The negat ives  of sodium, so r e a d i l y  discounted by the  AB;,  a r e  

these...chemical r e a c t i v i t y  with a i r  and water,  a c t i v a t i o n  under 

i r r a d i a t i o n ,  opaci ty ,  and l a c k  of t echnica l  experience. 

The t r u t h  i s  t h a t  sodium i s  an extremely dangerous and hard-to- 

c o n t r o l  substance. Liquid sodium i s  used to c a r r y  the scorching 

hea t  of the  breeder through a series of independent loops t o  the 

p l a n t ' s  turbo-gener a tors .  The super-heated f a s t  reac t ions  c a n  

l e a d  to  explosions. I t  r e q u i r e s  e labora te  safeguards to prevent 

a mishap t h a t  could leak  r a d i o a c t i v e  mater ia l s .  Since the sodium 

i s  a t  about 620 deg.C, and becone s i n t e n s e l y  rad ioac t ive  -- fue l ing  

and o ther  opera t ions  on the r e a c t o r  have to be c a r r i e d  on bl ind.  

This c o n s t i t u t e s  a f 'urther chemical hazard w i t h  r e s p e c t  to f a i l u r e s  

9 
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i n  c i r c u l a t i o n  pumps, p ipes  o r  heat  exchangers. 

There is  no experience w i t h  l a rge ,  c e n t r a l  s t a t i o n ,  sodium-cooled 

f a s t  breeder reac tor  systems. These l a r g e r  p l a n t s  will r e q u i r e  

a much broader technology than now ava i lab le .  'The s t a t e  of the 

a r t  f o r  de tec t ing ,  l o c a t i n g ,  and containing sodium water r e a c t i o n s  

i s rudimentary , 

FALSE ASSUMPTION # 3:  THAT PLUJENIUM DOES NOT REPRESZNT A CONSIDEEiABLE 
THREAT r0 HUMAN LIFE A N 3  THE ENVIRCNMBN'I. 

'!.,,a s u b s t a n t i a l  b a s i s  f o r  believing, that 
p o t e n t i a l  h e a l t h  consequemes assoc ia ted  w i  th 
the per s i  s tence and ac c u m l a  t i o n  o f  t r m s u r a n i c  
elements re leased  by the LIQi3EI f u e l  c y c l e  would 
be small  i n  comparison with many o t h e r  r i s k s  
t h a t  a r e  accepted by society,"  (WASH 1535,2k,1974)  

THE FACTS: ?he breeder  r e a c t o r  program w i l l  produce massive amounts 

o f  dangerously r a d i o a c t i v e  plutonium. There w i l l  be some 2,500 

pounds o f  plutonium i n s i d e  the core of the t y p i c a l  commercial- 

a ized r e a c t o r .  

Plutonium-239 i s  the d e a d l i e s t  substance known to  man. "he unavoid- 

able r e l e a s e  o f  plutonium during normal opera t ion  of breeders  

could expose l o c a l  populations to the r i s k  of cancers,, It  i s  known 

from animal experiments t h a t  a p a r t i c l e  containing l e s s  than 

one ten-mill ionth of an ounce of plutonium - a man-made product 

v i r t u a l l y  unknown i n  na ture  - c o n t a i n s  enough r a d i o a c t i v i t y  to  

Produce lung cancer when inhaled, S c i e n t i s t s  a r e  debat ing over 

whether an amount 100,000 times smaller  w i l l  do the same, 
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Wilson Clarke i n  Energy f o r  Surv iva l  wr i tes :  

"Plutonium i s  f i end i sh  i n  i t s  t o x i c i t y ,  more poisonous 
even than anaerobic b a c t e r i a  , which cause bo t u l i  s m ,  
and 35,000 times more l e t h a l  than cyanide poisoning 
by weight. Professor  J.S. Neilands of the U n i v e r d t y  
of C a l i f o r n i a  a t  Berkeley no te s  t h a t  t he re  a r e  
"20 m i l l i o n  mortal  doses i n  a weight of the element 
equiva len t  to the  weight of an American f ive -cen t  
p iece  ( 5  grams), 
National Laboratory says t h a t  i n  l i g h t  of da ta  
accumulated over the  p a s t  10 gears, a s e r i o u s  ques t ion  
e x i s t s  a s  to whether t h o  r i s k s  a s soc ia t ed  wi th  t h e  
present  l i m i t s  of plutonium oxide i n h a l a t i o n  a r e  
indeed j u s t i f i e d  by the benefits der ived  from a c t i v i t i e s  
involv ing  t h e  production o r  u s e  of  plutonium,'! 

a. A.B. Long of the A E G I S  Argonne 

The nuc lear  expe r t s  Willrich and Taylor exposed t h e  magnitude of 

thcr combined economic and human t h r e a t  posed by nuclear  p r o l i f e r -  

g t ion  and the plutonium economy, For instance: 

"The d i s p e r s a l  o f  very small amcunts of f i n e l y  dividdd 
plutonium could n e c e s s i t a t e  evacuation and decontam- 
i n a t i o n  ope ra t ions  covering seve ra l  square kilomotors, 
f o r  long  per iods  of  time and c o s t i n g  t ens  o f  hundreds 
of m i l l i o n s  of  do l l a r s .  . . A  nuc lea r  explosion with a 
y i e l d  of 1 k i l o t o n  could destroy a major i n d u s t r i a l  
i n s t a l l a t i o n  or severa l  l a r g e  o f f i c e  b u i l d i n g s ,  c o s t t n g  
hundreds of m i l l i o n s  t o  b i l l i o n s  o f  a o l l a r s .  &e hundreds 
o f  thousands of people whose h e a l t h  might be seve re ly  
damaged by dispersal! of plutonium o r  the t ens  o f  
thousands who might be k i l l e d  by a low y f e l d  explosion . . epre s e n t  an  inc  a lcuable  cos  t, ,, . It 

FALSE ASSUMPTION #4 : THAT THE 3ELEASE OF TRITIUM TO THE ENVIRONMZNT 
SHOULD BE ACCEPTED BY PHE AMERICAN PuB.LIC 
UNTIL RESEARCHERS LEARN HCW 'TO RESTBICT IT. 

"Research on ways to reduce t h e  r e l e a s e  
of t r i t i u m  from the LMFi3R power p l a n t s  
I s  being planned." (WASH 1535, h c .  1974) 

THE FACTS: Trit ium I s  toxic. It  can  be b u i l t  i n t o  a l l  the organio 

m a t e r i a l s  of our  bodies j u s t  a s  i f  It  were hFdorgen. 

I n g e s t  tritium, som o f  i t  w i l l  be b u i l t  i n t o  o u r  gene t i c  m a t e r i a l ,  

When w e  
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DNA. The r a d i o a c t i v i t y  from tritium i n  the DNA c a n  e a s i l y  damage 

the  genes. Such damage can  e i t h e r  impai r  p h y s i o l o g i c a l  p r o c e s s e s  

such a s  b lood  r e g u l a t i o n  by the l i v e r ,  o r ,  i f  invo lv ing  r e p r o d u c t i v e  

t i s s u e s ,  c a n  l e a d  t o  magnif ied gellehic d e f e c t s  i n  o u r  c h i l d r e n ' s  

c h i l d r e n .  

'Tritium i s  a s p e e i a l  problem a t  r e p r o c e s s i n g  p l an t s .  Dr, Edward 

Radf'ord a t  Johns Hopkins Un ive r s i ty  in Baltimore est imates  that  

the  maximum p e r m i t t e d  tritium r e l e a s e  l e v e l  a t  t h e  N e w  York 

r ep rocess ing  p l a n t ,  "if con t inuous ly  i n g e s t e d ,  would l e a d  t o  

3,300 new muta t ions  pe r  yea r  i n  the  U.S.". 

What i f  f b r t h e r  r e s e a r c h  proves  t h a t  t r i t i u m  does i r r e v e r s i b l e  

a n d  c o n s i d e r a b l e  damage t o  man's g e n e t i c  s t r u c t u r e ,  what w i l l  

t h e  AEC and the u t i l i t i e s  do t o  remove the  tritium a l r a d y  dumped 

i n  o u r  water?  What can  they  do? 

FALSE ASSUMPTION #s : ,THAT PROSPEI=TS A R E  GOOD FOR A SOLUTION 
To THE P R O R U M  OF 3ADIOACTIVE WASTE U I S E O S A L .  

"A development program is going  forward  on 
permanent d i s p o s a l  o f  such w a s t e s  i n  g e o l o g i c a l  
fo rma t ions ,  'which cou ld  make long-term s u r v e i l -  
l a n c e  and maintenance unnecessary." 
(WASH 1535, hc. .  1974)  

THE FACTS: The AEE's  f a v o r t t e  t h e o r e t i c a l  s o l u t i o n  h a s  been d i s p o s a l  

o f  n u c l e a r  was te s  i n  g e o l o g i c a l  fo rma t ions ,  and e x t e n s i v e  r e s e a r c h  

has  been c a r r i e d  o u t  on  a s i t e  a t  Lyons, Kansas, In  1971, the 

AEE was f o r c e d  t o  abandon the  s i t e  a s  unusab le ,  d e s p i t e  t h e  f a c t  

t h a t  t h e  Commission had j u s t  r e q u e s t e d  $25 m i l l i o n  from Congress 

t o  proceed  w i t h  a c t u a l  waste  b u r i a l .  The s i t e  was r e j e c t e d  a f t e r  
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the acc identa l  discovery of o l d  gas and o i l  bore  h o l e s  pene t ra t ing  

the Lyons s a l t  mine and the underground l o s s  r?f 100,000 ga l lons  

of water from mining opera t ions  o f  the  s a l t  company, both of 

which m i g h t  have l e d  to  a flooding ,of the r e p o s i t o r y  and d i s p e r s a l  

of  wastes0 

Meanwhile , under AEI: r egula t ions  , high-level commercial weapons 

wastes a r e  t o  be s o l i d i f i e d  a f t e r  f i v e  y e a r s  of s torage  and shipped 

t o  a f e d e r a l  repos i tory  -- but  such a r e p o s i t o r y  does not  now 

exist and may not  exis t  f o r  some time, 

'&e p a s t  performance o f  the AEC i n  regula t ing  s torage  of nuclear  

weapons does not  i n s p i r e  confidence i n  t h e i r  a b i l i t y  to contain 

wastes for even a f e w  gears ,  Las t  year ,  f o r  example, l eaks  o f  

r a d i o a c t i v e  mater ia l s  from s torage  tanks i n  Hanford, :slashington 

went undetected f o r  seven weeks. When f i m l l y  discovered, 

115,000 g a l l o n s  of  r a d i o a c t i v e  wastes had seeped i n t o  the ground,, 

All t o l d ,  nenrlg 500,000 g a l l o n s  have leaked o u t  a t  t h a t  i n s t a l -  

l a t i o n  alone. 

?he rad ioac t ive  waste leakage a t  Hanford inc ludes  l a r g e  quanti t i e s  

of plutonium, and i s  t r u e  with breeder  r e a c t o r s ,  the  p o t e n t i a l  

f o r  an uncontrol led cha in  r e a c t i o n  i s  a d i s t a n t  bu t  very r e a l  

p o s s l b i l i  ty. 
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F A L S E  ASSUEiPTION #6: THAT ADEQUATE SAFEGU.4RlX A N D  SAFE'rY S T A N D A R B  
WILL PROTECT RADSOACTCVE m*raIALs FROM 
TRANSPORTATION ACCI LSN'JAS, SABO rAGE, WAR 
AND ACTS OF GOD. 

- 

"Primary r e l i a n c e  for s a f e t y  i n  t r a n s p o r t a t i o n  
of r a d i o a c t i v e  m a t e r i a l  is  p laced  on the  
packaging . . . The s a f e t y  o f  the transpor t a  t i o n  
system is backed up by a cont inuing  program 
of designing and t e s t i n g  packages under 
severe  cond i t ions  to  ensure that i n  the event 
of an acc iden t ,  the  l ik ihood o f  r e l e a s e s  of 
any r a d i o a c t i v e  m a t e r i a l  would be q u i t e  m a l l . "  

(and) 

"Preliminary a n a l y s i s  o f  the consequences of 
sabotage of LMEBR m a t e r i a l s  i n  t r a n s p o r t  has  
been performed to provide e a r l y  guidance 
toward the development of a d d i t i o n a l  sa feguards  
measures f o r  t he  f'titure,'' 

(and) 

"With r ega rd  to  t h e  impact of the LMFBR on the 
hazards of war, the AFG has  concluded tha t  t h e r e  
would be  no s i g n i f i c a n t  change on those hazards  
f o r  any reasonable p r e d i c t i o n  o f  wartime even t so"  
(Above quotes from WASH 1535, Dee, 1974) 

THE F A C E :  Within 25 yea r s ,  according to i t s  proponents, b reeder  

r e a c t o r s  may be supplying n e a r l y  one-half of  ou r  n a t i o n ' s  

e l e c t r i c i t y  and producing s e v e r a l  m i l l i o n  pounds of plutonium 

every  year  to be t r anspor t ed  by r a i l ,  t ruck  o r  plane. 

The chance of a t r a n s p o r t a t i o n  acc ident  t h a t  would r e l e a s e  hazardous 

l e v e l s  of r a d i o a c t i v e  cesium, s t ront ium and krypton to t h e  atomos- 

phere and the surrounding l a n d  a rea  a t  l e a s t  once each yea r  would 

be reasonably good. A s i n g l e  mishap could cause major tragedy. 

Doses of r a d i o a t i o n  to the populnt.ion m i g h t  b e  q u i t e  high i n  l o c a l  

areas.  "he decontamination c o s t s  of such an acc ident  could  be 

i n  the m i l l i o n s  of d o l l a r s ,  
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The I l l i n o i s  Atomic Ehergy Commission i n  t h e i r  1973 r e p o r t  t o  

the l e g i s l a t u r e  warns " . . o ~ f  a l l  the types o f  shipments, spent 

f u e l  rods  and h igh- leve l  waste p re sen t  p o t e n t i a l l y  the h ighes t  

r i s k  t o  the c i t i z e n s  of  t he  S ta t e , "  

1. 
The A E I s  p ro j ec t ed  breeder economy f o r  the year 2020 e n t a i l s  

100 ra i lway c a r s  d a i l y  loaded w i t h  liquid-metal-cooled casks  o f  

spent f u e l  on the way t o  and from reprocess ing  p l an t s .  The h igh  

c a p i t a l  c o s t s  o f  holding up the  conta ined  plutonium may l e a d  ta 

a dhortening of the pre-shipment cool ing  per iod  fmm the present 

150 days to  30 days - with a c t i v i t y  of the fuel of  one 1000-mWe 

breeder  a t  some h a l f - a - b i l l i o n  cu r i e s .  Shipping casks  designed 

t o  withstand a 30-ft. f a l l  o r  a 30-minute f i r e  may not do so 

wel l  with a 31-ft. f a l l  o r  a 31-minute f i r e ;  and the consequences 

. o f  a ruptured  f u e l  cask could be immense. A 1968 AEC study 

s t a t e s  " i t  i s  v i r t u a l l y  impossible to  design a package t o  survive 

any poss ib l e  acc fden t  . I' 
'mere a r e  many unanswered ques t ions  involving the  t r a n s p o r t a t i  on 

of r a d i o a c t i v e  m a t e r i a l s  and t h e  response to r a d i o l o g i c a l  acc idents ,  

Here a re  some 

1. 

2. 

3. 

o f  them: 

What emergency measures have been planned to 
c a r e  f o r  p rospec t ive  transpor t a t l o n  acc ident  
victims? 

Have a l l  h o s p i t a l s  alone, the var ious  spent f u e l  
r o u t e s  been a l e r t e d  to the  p o s s i b i l i t y  o f  rad ia t2on  
victims and t r a i n e d  and equipped to c a r e  f o r  them? 

Have C i v i l  Defense units along the t r anspor t a t ion  
r o u t e s  been a l e r t e d  and t r a i n e d  In emergency 
measures to  cope wi th  i r r a d i a t e d  t ruck  acc iden t s  
and poss ib l e  victims? 
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What i s  the  maximum c r e d i b l e  t r a n s p o r t a t i o n  
accident? Is thore  insurance a v a i l a b l e  to  
cover c o s t s  t o  communities and/or vic t i m s  o f  
such an acciZent -- o r  l e s s e r  acc iden t s?  

Why i s  the fire s tandard  f o r  spent f i e 1  packRges 
s e t  a t  1475 degrees s i n c e  a f i r e  of that 
temperature i s  not L very h o t  fire? Building 
m a t e r i a l s  have t o  be designed to withstand 
much h o t t e r  f i r e s  than t h a t .  Ydnimum f i r e -  
r a t e d  w a l l s  designed f o r  r e s idences  a re  r e q u i r e d  
to withstand 1 9 0  degree temperature f i r e s  f o r  
one hour (ASTEM Standard E119), fhe tempmatures 
g e n e  a t e d  by flamable l i q u i d ,  which normally 
p rope l s  t rucks ,  i s  higher.  Flamable l i q u i d  
f i r e s  can r a p i d l y  y i e l d  immediate temperatures 
exceeding 2000 degrees F, 

With r e s p e c t  t o  sabotage, t h e r e  i s  the r i s k  t h a t  plutonium,uhich 

i a  one o f  the  f i s s i o n a b l e  m a t e r i a l s  ou t  of which bombs can  be 

made, may be s t o l e n  o r  acqui red  through some b l a c k  m r k e t  f o r  

making tin atomic weapon. The process  of making a bomb i s  no 

longer a s ec re t .  S c i e n t i s t s  say anyone having tho knowledge 

ar.d the plutonium - could  make a crude b u t  e f f e c t i v e  bomb i n  

a basement workshop, 

The A E C ' s  apparent  l ack  o f  concern over the aangsr of enemy 

a t t a c k  on a n u c l e a r f  a c i l i t y  i s  phony and t ransparent .  

Apr i l ,  1975 they rushed to Vietnam to  dismantle and des t roy  a 

nuc lea r  r eac to r .  W h y ?  

In 
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FALSE ASSUMPTION #7: I"AT THE STATE AND LOCAL GOVERNPEW WIU 
TAKE RESPONSIBILITY FOR R A M O M G I C  AL 
TRANSPOR TA'PION ACCIDENTS, 

"The AEE r a d i o l o g i c a l  a s s i s t a n c e  func t ion  i s  
soley advisory, The f u l l  r e s p o n s i b i l i t y  f o r  
c o n t r o l  o f  acc idents  a c t u a l l y  r e s t s  with l o c a l  
and s ta te  au thor i  t i es .  rhe AB= *s  p r i n c i p a l  
c o n t r i b u t i o n  i s  t o  provide the t e c h n i c a l  
c apabi li t i e  s of per sonnel and instrumentat ion 
f o r  assess ing  the s ign i f icance  and extent  of an 
i n c i d e n t  and nroviding advice regarding the 
proper procedures to ensure t h a t  public exposure 
Is minimized. l'he AEI: a lso  assumes r e s 7 o n s i b i l i t g  
and c o n t r o l  i f  the  occurrences involve i t s  own 
rad ioac t ive  m a t e r i a l s ;  even i n  these cases,  however, 
full cooperation i s  maintained with the s t a t e s  
affected." (WASH 1535, h c .  1974) 

ME FACTS: What a r e  the  f a c t s ?  When a r e  the r a d i o a c t i v e  materials 

considered t~ be AEC m a t e r i a l s  and their  r e s p o n s i b i l i t y ?  Are the 

Are the  spent  f u e l  r o d s  being h i p p e d  many m i l e s  a c r o s s  the country 

from the nuclear  r e a c t o r s  t o  the reprocessing p l a n t s  the responsbi l i t y  

of the AEC o r  the s t a t e  and l o c a l  a u t h o r i t i e s ?  

S t a t e  and l o c a l  a u t h o r i t i e s  have been t o l d  so marly tillss t h a t  

a r a d i o l o g i c a l  accident won't happen t h a t  they have no p lans  a t  

a l l  i n  the event of a nuclear  p l a n t  o r  a t r a i n ,  truck o r  plane 

accident involvfng r a d i o a c t i v e  mater ia ls .  The AEE confronts  a 

major problem here: how can it  convince people t o  prepare themselves 

f o r  an event i t  w a n t s  them to b e l i e v e  won't happen? 

Given the non-existent s t a t u s  of most plana,  i t  hard ly  soems reason- 

ab le  to assume 90 percent  of the population would be evacuated 

as  posfulated i n  the r e c e n t  Ramussen report .  

defense o f f i c i a l s ,  f i r e  departments, po l lce  departments and 

A s k  ybir l o c a l  c i v i l  
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emergency hospi ta l  personnel regarding preparat ions f o r  evacuation 

i n  the event of a se r ious  r a d i a t i o n  accident.  Their response, 

unfailingly, is "What evacuation plans? 

FALSE A SSUEIP'I'ION #8: THAT OUR PAST EXPERIEEE JUSTIFIES OUR 
CONFIIXXE I N  'THE BREEOm. 

THE FACTS: A n  experimental r eac to r ,  the Ehrico Fermi p l an t  near  

Detroi t ,  Mlchigan, suffered the  worst f a i l u r e  o f  am nuclear  

r eac to r  to date. In 1966, a coolant  l i n e  became clogged and tha 

r e a c t o r  core  melted. *The reac tor  was subsequently shut  down 

forever. It had had a t o t &  of 30 days of peak power g e n e  a t ion  

a t  a c o s t  of about a30 mill ion,  

O f  three breeders  operated i n  the U.S., two have suffered fuel 

meltdowns. Although no significant r a d i a t i o n  escaped e i t h e r  

f a c i l i t y ,  the record doesn't say much for the promise of the  

teehno l o  gy 

FINAL FALSE ASSUMPTION: THAT THE UNITED SrATES SHOULD P R O C Z D  
WITH l3E LMFBR PROGRAM. 

THE FACTS: An AB= t h a t  c a n  n o t  produce a sa fe  l i g h t  water 

reac tor  has no business  t ry ing  t o  produce f a s t  breeder neactors.  
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UNITED STATES 

ENERGY RESEARCH- AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Ms. Catherine T. Quigg 
Vice President 
Pollution & Environmental Problems, Inc. 
54 S. Brockway 
Palatine, Illinois 60067 

.Dear M s .  Quigg: 

Thank you for your letter of April 5 ,  1975 commenting on the Proposed 
Final Environmental Statement for the Liquid Metal Fast Breeder Reactor 
(LMFBR) Program. Responses t o  your specific comments are enclosed. We 
hope that review of the Energy Research and Development Administration 
staff responses will serve to correct a number of misapprehensions you 
have and alleviate your concerns about the LXFBR program. 

A copy of the Final Environmental Statement is also enclosed for your 
information. 
the LMFBR Program. 

Thank you again for your comments and for your hterest in 

Sincerely, 

sistant Administrator for 
wEnvironment and Safety 

Enclosures: 
1. ERDA Staff Responses 

2. Final Environrental Statement, 
to Specific Coments 

LMFBR Program 
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ERDA S t a f f  Responses t o  S p e c i f i c  Comments by Ca the r ine  T .  Quigg 

Comment (pages 1 and 2 ) :  

"FALSE ASSUMPTION # l :  THAT THE LMFBR I S  SAFE TO OPERATE. 

THE FACTS: Engineers have y e t  t o  s o l v e  t h e  problem of p r e c i s e l y  
spac ing  t h e  thousands of s t a i n l e s s  s t e e l  rods  holding t h e  f i s s i o n -  
a b l e  material  i n  t h e  r e a c t o r ' s  co re .  Unless t h e  sodium can f r e e l y  
flow around t h e  rods ,  dangerous overheat ing and m e l t i n g  r e s u l t ,  as 
demonstrated by t h e  f a i l u r e  of t h e  s m a l l  experimental  Fermi 
b reede r  nea r  D e t r o i t . "  

ERDA Response: 

S a f e t y  i s ,  of cour se ,  n o t  an assumption bu t  an a b s o l u t e  requirement from 
bo th  t h e  s t a n d p o i n t s  of r e s p o n s i b i l i t y  t o  t h e  p u b l i c  and a s su rance  of 
cont inued v i a b i l i t y  of t h e  LMFBR program. It is  expected t h a t  R&D 
e f f o r t s  w i l l  i n  t h e  nea r  f u t u r e  provide a b a s i s  f o r  the conclusion t h a t  
c o r e  d i s r u p t i v e  a c c i d e n t s  r e s u l t i n g  i n  t h e  gene ra t ion  of s i g n i f i c a n t  
amounts of mechanical energy are p h y s i c a l l y  u n r e a l i z a b l e .  Neve r the l e s s ,  
t h e  s a f e t y  and l i c e n s a b i l i t y  of LMFBRs do no t  have t o  a w a i t  this R&D 
r e s u l t  s i n c e  i t  is  p o s s i b l e  t o  c o n t a i n  s i g n i f i c a n t  amounts of mechanical 
energy from a d i s r u p t i v e  acc iden t .  

The s a f e t y  approach as desc r ibed  i n  Sec t ion  4.2 .7  of the PFES p r w i d e s  
s u f f i c i e n t  f l e x i b i l i t y  cons ide r ing  bo th  t h e  s a f e t y  R&D program and the 
des ign  approach of u t i l i z i n g  m u l t i p l e  l e v e l s  of defense such t h a t  saf-ety 
problems which c u r r e n t l y  exist o r  are a n t i c i p a t e d  can be accommodated 
by des ign  op t ions  f o r  commercial LWBR p l a n t s  i f  no t  f u l l y  r e so lved  by 
t h e  R&D program f o r  e a r l y  demonstration and near-commercial p l a n t s .  

There are no major problems o r  u n c e r t a i n t i e s  t h a t  are no t  amenable t o  
o r d e r l y  and planned r e s o l u t i o n  by t h e  s a f e t y  R&D program. Apparently 
t h e s e  p o i n t s  were inadequately emphasized i n  the PFES s i n c e  several 
commentors appeared t o  be bas ing  t h e i r  comments on the p r e m i s e  that  an 
LMFBR cannot be designed t o  be adequate  from t h e  s a f e t y  s t a n d p o i n t .  

While i t  i s  t r u e  t h a t  i t  i s  necessary f o r  sodium t o  be a b l e  t o  f low 
f r e e l y  around t h e  f u e l  r o d s ,  t h e r e  i s  no problem of spacing.  The 
f a i l u r e  i n  t h e  Fermi r e a c t o r ,  which i s  desc r ibed  i n  Annex C t o  S e c t i o n  
4.2.7 of t h e  PFES, r e s u l t e d  from a blockage which would no t  be p o s s i b l e  
i n  an LMFBR of c u r r e n t  design.  

Comment (pages 2 and 3 ) :  

"FALSE ASSUMPTION #2: THAT SODIUM IS A WISE COOLANT 
FOR THE LMFBR. 
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'The negat ive  a s p e c t s  of sodium were outweighed by its 
outs tanding advantages. '  (WASH-1535, December 1974) 

"THE FACTS: ". . . The negat ives  of sodium, so  r e a d i l y  discounted 
by t h e  AEC, are these. . .chemical r q a c t i v i t y  wi th  a i r  and water, 
a c t i v a t i o n  under i r r a d i a t i o n ,  opac i ty ,  and l a c k  of t e c h n i c a l  
experience.  

"The t r u t h  i s  t h a t  sodium i s  an extremely dangerous and hard- 
to-control  substance.  Liquid sodium i s  used t o  c a r r y  t h e  
scorching hea t  of t h e  breeder through a series of independent 
loops t o  t h e  p l a n t ' s  turbo-generators,  
f a s t  r e a c t i o n s  can lead  t o  explosions.  ... f u e l i n g  and o ther  
opera t ions  on t h e  r e a c t o r  have t o  be c a r r i e d  on b l i n d .  
c o n s t i t u t e s  a f u r t h e r  chemical hazard w i t h  r e s p e c t  t o  f a i l u r e s  
in c i r c u l a t i o n  pumps, p ipes  or hea t  exchangers. 

T h e  super-heated 

This 

"There is  no experience with l a r g e ,  c e n t r a l  s t a t i o n ,  sodium-cooled 
f a s t  breeder  r e a c t o r  systems. These l a r g e r  p l a n t s  will  r e q u i r e  a 
much broader technology than now a v a i l a b l e .  The s ta te  of the a r t  
f o r  d e t e c t i n g ,  l o c a t i n g ,  and containing sodium water r e a c t i o n s  is 
rudimentary. It 

ERDA Response: 

Sodium systems have operated r o u t i n e l y  in the r e a c t o r  i n d u s t r y  f o r  
about 20 years ,  and t h e  p r o p e r t i e s  of sodium are w e l l u n d e r s t o o d .  
s t a t e d  i n  Sect ion 4.2.7.4.1 of t h e  PFES, t h e  primary sodium coolant  
i n  an LMFBR i s  i s o l a t e d  from t h e  water i n  the steam generat ing por t ion  
of t h e  p l a n t  by a complete in te rmedia te  (non-radioactive) sodium 
system. 
between secondary sodium and steam or  w a t e r  are recognized as a 
p o s s i b i l i t y  and design provis ions  are made t o  accommodate s u c h  f a i l u r e s .  
Because sodium burns when exposed t o  a i r ,  t h e  primary coolant  system, 
even though i t  is  designed f o r  zero leakage, i s  normally contained i n  
i n e r t e d  v a u l t s  t o  preclude sodium burning even i n  t h e  u n l i k e l y  event 
of a sodium leak. Since f u e l  handling w i t h i n  t h e  r e a c t o r  vessel i s  
done remotely wi th  t h e  r e a c t o r  head i n  p lace ,  due t o  t h e  combust ib i l i ty  
of sodium i n  a i r ,  opac i ty  i s  not  an a d d i t i o n a l  problem. 
heated steam genera tors  have been b u i l t  and s u c c e s s f u l l y  operated.  

Nevertheless ,  leakage occurred i n  some e a r l y  u n i t s  and development of 
steam genera tors  w i t h  higher  r e l i a b i l i t y  has a h i g h  p r i o r i t y  i n  the 
on-going p a r t  of t h e  LMFBR program. Recent successfu l  t e s t i n g  of a 
modular steam generator  and i t s  adoption a s  t h e  CRBR re ference  design 
is an  i n d i c a t i o n  of progress  being made f o r  this key component. 

As 

F a i l u r e s  i n  t h e  steam generator  which would permit t h e  contac t  

Many sodium 

W l e  

n 
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it is t r u e  t h a t  t h e r e  i s  no experience with l a r g e ,  c e n t r a l  s t a t i o n ,  
sodium-cooled f a s t  breeder  r e a c t o r  systems, a t t a i n i n g  such experience 
is one of t h e  prime o b j e c t i v e s  of t h e  demonstration p l a n t  phase of t h e  
LMFBR Program. It should a l s o  be noted t h a t  experience along these  
lines is being attained fo r  operation of EBR-I1 i n  th i s  country and 
demonstration p l a n t s  i n  France, Russia and England. 

Comments (pages 3 and 4): 

"FALSE ASSUKPTION #3: THAT PLUTONILJN DOES NOT REPRESENT A CONSIDER- 
ABLE THREAT TO HUMAN LIFE AND THE ENVLRONHENT. 

'...a s u b s t a n t i a l  b a s i s  f o r  be l iev ing  t h a t  p o t e n t i a l  hea l th  
consequences assoc ia ted  w i t h  t h e  p e r s i s t e n c e  and accumula- 
t i o n  of t r a n s u r a n i c  elements re leased  by t h e  LMFBR f u e l  
c y c l e  would be smal l  i n  comparison w i t +  many o ther  r i s k s  
t h a t  are accepted by s o c i e t y . '  (WASH-1535, December 1974) 

"THE FACTS: 
of dangerously r a d i o a c t i v e  plutonium. ,.. The breeder  r e a c t o r  program w i l l  produce massive amounts 

"Plutonium-239 i s  t h e  d e a d l i e s t  substance known t o  man. ... It i s  
kno? from animal experiments that a p a r t i c l e  containing less than 
one ten-mil l ionth of an ounce of plutonium - a man-made product 
v i r t u a l l y  unknown i n  n a t u r e  - conta ins  enough r a d i o a c t i v i t y  t o  
produce lung cancer when inhaled.  S c i e n t i s t s  a r e  debat ing over 
whether an amount 100,000 times smaller  w i l l  do the same. 

"Wilson Clarke i n  Energy f o r  Survival  writes: 

'Plutonium i s  f i e n d i s h  i n  i t s  t o x i c i t y ,  more poisonous even 
than anaerobic  b a c t e r i a ,  which cause botulism, and 35,000 
times more l e t h a l  than cyanide poisoning by weight. 
Professor  J .S .  Neilands of the Univers i ty  of C a l i f o r n i a  a t  
Berkeley notes  t h a t  t h e r e  are ' 20  m i l l i o n  mor ta l  doses i n  a 
weight of t h e  element equivalent  t o  t h e  weight of an 
American f ive-cent  p i e c e  (5 grams). . . . I  

"The nuc lear  exper t s  W i l l r i c h  and Taylor exposed the magnitude o f  
t h e  combined economic and human t h r e a t  posed by nuclear  p r o l i f e r a -  
t i o n  and t h e  plutonium economy." 

FRDA Response : 

The often-repeated claim t h a t  plutonium i s  the d e a d l i e s t  substance known 
t o  man is i n c o r r e c t ,  no matter how the adminis t ra t ion  of plutonium 
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occurs. By intraveneous injection, the toxicity of plutonium is such 
that-about 20 WCi (0.33 mgms of plutonium-239) per kilogram of body 
weight is required to kill 50% of the exposed animals within 30 days 
(the LD o130). Similarly, the LD50/30 for inhaled plutonium is about 
20 pCi jeposited in the pulmonary region of the lung per kilogram of 
body weight; the estimated quantity inhaled required to achieve this is 
about 1.3 milligrams per kilogram of body weight. In contrast, * 
comparisons f o r  other substances* are: 

botulinus toxin - 7 x lo-' pgm/kg body weight 
tetanus toxin - minimum lethal dose = 
diptheria toxin - minimum lethal dose = 0.3 pgm/kg 
cyanide - immediate death - 0 . 3  mgm/R in air for 1 min. 
lead arsenate - minimum lethal dose = 1.4 mgm/kg 
curare - minimum lethal dose = 0.5 mgm/kg 

pgm/kg 

Thus it is apparent that other substances are considerably more toxic or 
"deadly" than plutonium. 
these substances are lethal within seconds, minutes, hours or a few days. 

It must be kept in mind that the risk resulting from inhalation or 
ingestion of microgram quantities of plutonium is a long-term one in 
which a potential cancer might develop after a latent period of up to 20 
to 30 years or more. 
particles were to be inhaled such that acute lethality is the endpoint 
(as is the case with botulinus toxins, tetanus toxins, cyanide, etc.), 
extrapolation of data from animal species to man indicates that 
relatively large quantities of plutonium (in the range of nearly a 
hundred milligrams) must be inhaled. This is orders of magnitude 
greater than the toxic levels of the other substances (e.g., a few 
breaths of cyanide in a concentration of 0.3 mg/R of air will cause 
almost immediate death). Considering the time factors involved and 
assuming that "lethal" means acute lethality, as is the case with 
sufficient quantities of cyanide, the data upon which the figure of 
35,000 is based is not readily apparent; nor is evidence presented 
providing data upon which the botulism statement is based. Placing 
the relative risks in a different perspective, it has been calculated 
that a teaspoonful of the botulinus toxin would be sufficient to kill 
about 140 million persons if distributed to people equally and taken 
orally; on the other hand, a teaspoonful of plutonium taken orally 
would be about half enough to kill one person. 

It should also be pointed out that most of 

If quantities of plutonium of respirable size 

*Data obtained from references furnished by the National Academy of 
Sciences Advisory Center on Toxicology, the Edgewood Arsenal, and 
Science, Vol. - 144, pp. 1100-1110, May 29, 1964. 
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The comparison of Professor J. S. Neilands is theoretically correct only 
IF the plutonium equivalent of the maximum permissible lung burden - 
16 nCi - of the International Commission on Radiation Protection and 
the National Council on Radiation Protection and Measurements is in 
fact a "mortal" dose, and IF the following are also true: 

That all of the plutonium is contained in optimally respirable 
sized particles. 

That the 5 gms of plutonium is dispersed equally and exclu- 
sively to the 20 million people. 

That each person inhales, and retains in the lung parenchyma, 
the allocated quantity of plutonium; however, since the lungs 
retain only a portion of what is inhaled, this is not possible. 

That the induction of lung cancer is a.,function of the total 
quantity of plutonium in the lung and Got of the concentration 
of plutonium per gram of lung. 

That each person lives long enough to develop any potential 
cancer. 
shown to be a "mortal" dose, or a cancer-producing dose, even 
though a number of persons have been exposed to lung burdens 
greater than this for nearly 30 years. 

The maximum permissible lung burden has not been 

Furthermore, it is apparent that items 2, 3 and 5 are either totally 
unrealistic or clearly impossible; item 1 is unrealistic, but possible; 
item 4 is under investigation to determine which of the two parameters is 
the dominating one. Again it must be kept in mind that "mortal" as used 
regarding plutonium relates to the possibility that lung cancer might 
develop 10, 20 or more years after exposure, while "mortal" with respect 
to other toxic substances refers to acute or immediate death. Therefore, 
experience and physical and physiological realities relegate the statement 
to a numbers exercise with little reality to the real world. 

We would also point out that, if distributed equally among persons, five 
grams of: 

a) botulinus toxin would kill about 1013 persons (10 trillion 
people) ; 

people) ; 

.9 b )  tetanus toxin would kill about 10 persons (nearly a billion 
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c) d i p t h e r i a  t o x i n  would k i l l  about a q u a r t e r  of a m i l l i o n  
persons. 

Such number e x e r c i s e s  have l i t t l e  r e l a t i o n s h i p  t o  r e a l i t y .  

It should a l s o  be pointed out t h a t  i f  plutonium were as f i e n d i s h l y  
t o x i c  as i s  claimed, t h e  g r e a t e r  than 5 tons dispersed by means of 
atmospheric weapons t e s t i n g  would have been expected t o  have caused 
c a t a s t r o p h i c  e f f e c t s  by t h i s  t i m e .  Thus f a r ,  only one p a r t  i n  about 
lo8  p a r t s  of a tmospherical ly  re leased  plutonium has found its way i n t o  
man (about one p a r t  i n  lo1' p a r t s  p e r  person)--af ter  up t o  about 30 
years  continuous exposure. 
r o u t i n e l y  been handled by l i t e r a l l y  thousands of persons employed i n  
nuc lear  weapons complexes. 
workers has not  exhib i ted  a s i n g l e  h e a l t h  e f f e c t  which can be r e l a t e d  
t o  plutonium. Therefore,  while  plutonium i s  t o x i c  i n  the sense t h a t ,  
in s u f f i c i e n t  q u a n t i t i e s ,  i t  w i l l  produce cancer,> j u s t  as other 
substances a r e  t o x i c  and exposure t o  them w i l l  r e s u l t  i n  an acute  
dea th ,  t h e  f a c t  t h a t  a substance is t o x i c  does not  mean a p r i o r i  that 
x grams of t h e  substance w i l l  r e s u l t  i n  y deaths  or  h e a l t h  e f f e c t s .  

A s  was pointed out  i n  t h e  PFES, t h e  "release of plutonium during normal 
opera t ion  of breeders" i s  extremely s m a l l .  The major release of 
plutonium from normal opera t ion  of t h e  LMFBR f u e l  cyc le  would be from 
t h e  f u e l  reprocessing p l a n t .  
i n  t h a t  i t  i s  pos tu la ted  t h a t  t h e  e n t i r e  release is i n  the form of 
r e s p i r a b l e  s i z e  p a r t i c l e s  of plutonium dioxide.  Such a release i s  
evaluated i n  t h e  PFES i n  terms of t h e  p o t e n t i a l  h e a l t h  consequences. 

S imi la r ly ,  many tons  of plutonium have 

Thus f a r  t h i s  group of p o t e n t i a l l y  exposed 

There a "worst case" s i t u a t i o n  i s  assumed 

It i s  not known from animal experiments t h a t  a par t ic le  conta in ing  less 
than one ten-mil l ionth of an ounce of plutonium conta ins  enough radio-  
a c t i v i t y  t o  produce lung cancer when inhaled.  
t h i s  q u a n t i t y  of inhaled plutonium has been known t o  produce lung cancer ,  
i t  should be pointed out t h a t  t h e  t o t a l  a c t i v i t y  inhaled was contained i n  
l i t e r a l l y  t e n s  of thousands of p a r t i c l e s ;  i t  was no t  contained i n  "a 
p a r t i c l e . "  There has n o t  been any experiment which assessed t h e  e f f e c t  
of a s i n g l e  inhaled p a r t i c l e  containing t h e  q u a n t i t y  of plutonium 
indica ted .  I n  f a c t ,  a s i n g l e  p a r t i c l e  containing t h i s  q u a n t i t y  of 
plutonium-239 would be too  l a r g e  t o  i n h a l e  and be deposi ted i n  the 
pulmonary region of t h e  lung. 

The t e r m  " s c i e n t i s t s  a r e  debating" implies  t h a t  t h e r e  is widespread 
d iscuss ion  and debate  of t h i s  matter throughout the s c i e n t i f i c  community, 
whereas i n  f a c t ,  except f o r  t h e  NRDC, t h e r e  i s  e s s e n t i a l l y  uniformity 
of opinion not  only i n  t h i s  country but  a l s o  i n  t h e  United Kingdom t h a t  
the  "hot p a r t i c l e "  hypothesis is  not  a j u s t i f i a b l e  one. This opinion 

While it i s  t r u e  that 
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been expressed by every organizat ion which has reviewed t h e  "hot 
patticle" hypothesis :  ERDA, t h e  Los Alamos S c i e n t i f i c  Laboratory,  t h e  
Nat ional  Radiological  Pro tec t ion  Board of U.K., t h e  Medical Research 
Council  of U.K. and t h e  Nat ional  Council on Radiat ion Pro tec t ion  and 
Measurements. 
hypothesis  has been r e j e c t e d .  

In  every case  t h e  v a l i d i t y  of t h e  "hot p a r t i c l e "  

I n  Volume I V ,  Sec t ion  7 . 4 ,  t h e  PFES g ives  full recogni t ion  t o  t h e  
p o t e n t i a l  t h r e a t  of i l l e g a l  a c t s  aga ins t  t h e  nuclear  f u e l  cyc le  which 
could r e s u l t  i n  d e l i b e r a t e  r e l e a s e s  of plutonium, or w e n  nuclear  
explosives .  Addit ional  information on the safeguards program is 
provided i n  Sect ion I11 C o f  t h e  FES. The f a c t  t h a t  such t h r e a t s  
are considered t o  e x i s t  is t h e  reason f o r  t h e  ex is tence  of s t r o n g  and 
e f f e c t i v e  safeguards t o  p r o t e c t  t h e  p u b l i c  and t h e  Nation as a whole. 
ERDA b e l i e v e s  t h a t  while  a " threat"  may exist today and can be expected 
t o  cont inue t o  exist i n  t h e  f u t u r e ,  t h e  p r o b a b i l i t y  of occurrence of 
t h e s e  events  is  s o  small t h a t  t h e  o v e r a l l  r i s k  tq t h e  p u b l i c  is -very 
low. 

Comment (pages 4 and 5) :  

"FALSE ASSUMPTION #4: THAT THE RELEASE OF TRITIUM TO THE ENVIRON- 
MENT SHOULD BE ACCEPTED BY THE AMERICAN PUBLIC 
UNTIL RESEARCHERS LEARN HOW TO E S T R I C T  I T .  

'Research on ways t o  reduce the release of tritfum 
from t h e  LMFBR power p l a n t s  is being planned.'  
(WASH 1535, Dec. 1974) 

"THE FACTS: T r i t i u m  i s  t a x i c .  It can be b u i l t  i n t o  all the 
organic materials of our bodies just as if it were hydrogen. ... 
"What if f u r t h e r  research  proves that tritium does i r r e v e r s i b l e  
and cons iderable  damage t o  man's gene t ic  s t r u c t u r e ,  what wil l  
t h e  AEC and t h e  u t i l i t i e s  do t o  remwe t h e  tritium al ready  
dumped i n  our water?  What can they do?" 

ERDA Response: 

Researchers have a l ready  learned how t o  reduce the release of t r i t i u m  
from nuclear  power p l a n t s  and f u e l  reprocessing p l a n t s .  Doses due t o  
t h e  release of t r i t i u m  were discussed i n  Appendix 11.0 o f  t h e  LMFBR 
Program PFES. Methods t o  c o n t r o l  t h e  release of tritium from LMFBR 
power p l a n t s , w e r e  discussed on pages 4.2-32 t o  4.2-43 of t h e  PFES. 
Methods t o  c o n t r o l  t r i t i u m  releases from f u e l  reprocessing p l a n t s  were 
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d+cussed on pages 7.3-2, 4.4-45 and 4.4-35 t o  4.4-37. 
;fipium releases were given i n  Tables 4.2-7, 4.4-9, 4.4-10, 4.4-12, 
4.5-33 ,  4.5-34, 9.1-8 and 9.1-9 of t h e  PFES. Dose conversion f a c t o r s  
f o r  t r i t i u m  releases were l i s t e d  i n  Appendix 1 I . E  of t h e  PFES. It i s  
f e l t  t h a t  t h e  h e a l t h  e f f e c t s  of t r i t i u m  are w e l l  enough known t h a t  
t r i t i u m  dose and h e a l t h  e f f e c t s  estimates can be made with confidence.  

Doses due t o  

Comment (pages 5 and 6 ) :  

"FALSE ASSUMPTION 85: THAT PROSPECTS ARE GOOD FOR A SOLUTION TO THE 
PROBLEM OF RADIOACTIVE WASTE DISPOSAL. 

"THE FACTS: The AEC's  f a v o r i t e  t h e o r e t i c a l  s o l u t i o n  has been 
d i s p o s a l  of n u c l e a r  wastes i n  g e o l o g i c a l  formations,  and ex tens ive  
r e sea rch  has  been c a r r i e d  ou t  on a s i t e  a t  Lyons, Kansas, I n  1971, 
t h e  AEC w a s  fo rced  to abandon t h e  site as upusable ,  d e s p i t e  the 
fact  t h a t  t h e  Commission had j u s t  requested 'S25 m i l l i o n  from 
Congress t o  proceed w i t h  a c t u a l  waste b u r i a l .  The s i t e  was 
r e j e c t e d  a f t e r  t h e  a c c i d e n t a l  d i scove ry  of old gas and o i l  bore 
h o l e s  p e n e t r a t i n g  t h e  Lyons s a l t  mine and the underground l o s s  
of 100,000 g a l l o n s  of w a t e r  from mining o p e r a t i o n s  of the s a l t  
company, bo th  of which might have l e d  t o  a f lood ing  of the 
r e p o s i t o r y  and d i s p e r s a l  of wastes. 

"Meanwhile, under AEC r e g u l a t i o n s ,  high-level  commercial weapons 
wastes are t o  be s o l i d i f i e d  a f t e r  f i v e  years of s t o r a g e  and 
shipped t o  a f e d e r a l  r e p o s i t o r y  - b u t  such a r e p o s i t o r y  does 
no t  now exis t  and may n o t  e x i s t  f o r  some t i m e . "  

ERDA Response: 

The preceding d i s c u s s i o n  con ta ins  a number of s e r i o u s  e r r o r s  and m i s -  
concept ions.  
has  been advocated by many i n d i v i d u a l s  o r  groups o t h e r  t han  the AEC (or 
ERDA). I n  e a r l y  1971, t h e  AEC d i d  r e q u e s t  Congress t o  a u t h o r i z e  and 
a p p r o p r i a t e  $25 m i l l i o n  f o r  d i s p o s a l  of such wastes i n  a s a l t  mine. How- 
e v e r ,  t h i s  r e q u e s t  d id  no t  i nc lude  a f i n a l  cho ice  of t h e  Lyons s i t e  f o r  
a c t u a l  waste b u r i a l .  The s e l e c t i o n  of Lyons was  desc r ibed  i n  t h e  r e q u e s t  
as t e n t a t i v e  and s u b j e c t  t o  t h e  s a t i s f a c t o r y  completion of c e r t a i n  
a d d i t i o n a l  tests and s t u d i e s .  

Old o i l  and gas  bo re  ho le s  w e r e  no t  a c c i d e n t a l l y  discovered a f t e r  t h e  
d a t e  of t h e  a u t h o r i z a t i o n  r eques t .  Their e x i s t e n c e  w a s  known a t  t h e  
t i m e ,  and t h e i r  e x a c t  l o c a t i o n  and plugging w a s  one o f  the t a s k s  t o  be 

The d i s p o s a l  of r a d i o a c t i v e  wastes i n  g e o l o g i c a l  formations 

n 
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accomplished in changing the selection of the site from tentative to 
final. Further, none of them actually penetrated the Lyons mine; they 
were merely in the general vicinity. 
mining operations was not in the Lyons mine itself, but in a nearby 
mine. 

A l s o ,  the loss of water from 

In mid-1972 (not just after the request to Congress) the AEC decided 
that the technical questions as to the safety of Lyons might not be 
satisfactorily resolved in a reasonable period of time, and that a 
different site or sites should be sought €or geological disposal, not 
necessarily limited to sites in bedded salt. 
As discussed in the PFES, the evaluation of promising geological 
formations and sites leading to a pilot geological repository, which in 
turn could lead to a permanent disposal system, is a major part of the 
ERDA radioactive waste program. At present, ERDA is studying several 
promising geological formations other than bedded salt, including a study 
of specific promising sites, to bring the state of knowledge of these 
other formations up to the same level as that of bedded salt. Comparative 
evaluation of these formations and selection of the best site or sites 
for pilot plant operations would follow. We believe that the Lyons 
problems were specific to that site and that the prospects of an acceptable 
permanent disposal system have been delayed, but not invalidated, by 
the Lyons history. Ne believe the critics of the ERDA permanent disposal 
program are primarily critical of the intensity of the effort and do not 
question that geological disposal can be achieved. 

This search is in progress. 

The intent of the reference to "high-level commercial weapons wastes" 
is not clear. Radioactive wastes from the production of nuclear weapons 
are found only at Government sites, and the cited regulation pertains 
t o  wastes from the processing of spent fuel from commercial nuclear 
power production. The mandatory shipment to a Federal repository is 
ten years after processing the fuel, not the five years indicated. 

I Comment (page 6 ) :  

"The past performance of the A E C  in regulating storage of nuclear 
weapons does not inspire confidence in their ability to contain 
wastes for even a few years. Last year, for example, leaks of 
radioactive materials from storage tanks in Hanford, Washington 
went undetected for seven weeks. When finally discovered, 
115,000 gallons of radioactive wastes had seeped lnto the ground. 
All told, nearly 5C0,OOO gallons have leaked out at that instal- 
lation alone. 
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"The radioactive waste leakage at Hanford includes large 
quantities of plutonium, and is true with breeder reactors, 
the potential for an uncontrolled chain reaction is a distant 
but very real possibility. I' 

ERDA Response: 

The statements are highly misleading, even if the opening reference t- 
storage of nuclear weapons" is assumed to mean "storage of wastes from 
the production of nuclear weapons." The reference to leakage at Hanford 
omits several vital facts. First, the radioactivity in the leaked waste 
was absorbed in the soil close to the points of leakage, and thus did 
not produce any radiation exposure to the public. 
Hanford leaks have been from an older type of single-wall tank which 
is no longer being constructed. 
liquid waste into the soil from tanks of the newer double-wall design 
which have been used in all new tank construction at both Hanford and 
Savannah River f o r  some years; also, there have been no leaks of waste 
into the soil from the tanks within vaults used at the Idaho site. 
Finally, the Nuclear Regulatory Commission has taken the position that 
either double-walled tanks or tanks within vaults will be required for 
storage of high-level liquid waste at commercial spent fuel reprocessing 
plants. 

For these reasons, it is wrong to imply that the Hanford leak experience 
must be expected at future commercial plants, during the limited period 
in which high-level liquid waste storage is  permitted at those plants. 

I1 

Second, all the 

Third, there have been no leaks of 

It is true that typical high-level radioactive waste may contain 
unrecovered plutonium up to about one-half of one percent of that in 
the fuel. This plutonium is dispersed through a very much larger bulk 
of nonfissionable material in the waste. Concentration of such wastes 
in the quantity and purity required for fissioning, through a leak or 
any other accidental mechanism, is not considered credible. 

Comment (pages 7-9): 

"FALSE ASSUMPTION 116: THAT ADEOUATE SAFEGUARDS AND SAFETY STANDARDS 
WILL PROTECT RADIOACTIVE MATERIALS FROM TRANS- 
PORTATION ACCIDENTS. SABOTAGE. WAR AND ACTS OF 
GOD. 
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"THE FACTS: ' I . .  . The AEC's projected breeder economy for the 
year 2020 entails 100 railway cars daily loaded with liquid- 
metal-cooled casks of spent fuel on the way to and from 
reprocessing plants. The high capital costs of holding up the 
contained plutonium may lead t o  a shortening of the pre-shipment 
cooling period from the present 150 days to 30 days - with activity 
of the fuel of one 1000-mWe breeder at some half-a-billion curies. 
Shipping casks designed to withstand a 30-ft. fall or a 30-minute 
fire may not do so well with a 31-ft. fall or a 31-minute fire; and 
the consequences of a ruptured fuel cask could be imense. 
AEC study states 'it is virtually impossible to degign a package 
to survive any possible accident.' 

"There are many unanswered questions involving the transportation 
of radioactive materials and the response to radiological acci- 
dents. Here are some of them: 

1. 

A 1968 

What emergency measures have been planhed to care for 
prospective transportation accident victims? ... 

2. Why is the fire standard for spent fuel packages set at 
1475 degrees since a fire of that temperature is not a 
very hot fire? Building materials have to be designed 
to withstand much hotter fires than that. 
rated walls designed for residences are required to 
withstand 1500 degree temperature fires for one hour 
(ASTEM Standard E119). The temperatures generated by 
flammable liquid, which normally propels trucks, is 
higher. Flammable liquid fires can rapidly yield 
immediate temperatures exceeding 2000 degrees F. I' 

Minimum fire- 

ERDA Response: 

With regard to shipping casks, ongoing tests (such as 2000' drops) with 
obsolete casks indicate that casks designed to meet the requirements of 
the standards will maintain their integrity under conditions more severe 
than those likely to be encountered in transportation accidents. A s  
stated on page 1I.A-10 of the LMFBR Program PFES, concerning transporta- 
tion accidents involving fires: 

"Severe transportation fires seldom last more than 112 hr, 
except in ships and storage depots,l5 because either the fuel 
is exhausted or the fire is extinguished by fire-fighting 
crews. Although flame temperature of liquids such as jet 
fuel or kerosene may reach 1800 to 2000°F, such peak tempera- 
tures are reached only very locally on the surface of material 
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involved i n  t h e  f i re .  
more than 50% of a package s u r f a c e  l i k e l y  t o  be exposed t o  the  
flame f o r  as long as 112 hr.  
may be i n  a l o c a t i o n  where t h e  f i r e  has l i t t l e  or  no e f f e c t  on i t .  
I n  addi t ion ,  packages i n  fires t h a t  have burning surfa:e <areas 
smaller than about 400 f t 2  are f requent ly  a b l e  t o  ' s e e  
flames t o  cooler  surrounding areas. F i r e s  that have burning 
s u r f a c e  a r e a s  greater than about 2000 f t 2  may s u f f e r  from oxygen 
s t a r v a t i o n  i n  t h e  i n t e r i o r  of the f i r e .  
s i t u a t i o n s  could cause reduced hea t  inputs  t o  the packages." 

Only under very unusual circumstances i s  

Even i n  a longer f i r e ,  t h e  package 

through 

I n  petroleum fires, b o t h  

A discuss ion  of information r e l a t e d  t o  emergency measures t o  be taken 
fol lowing t r a n s p o r t a t i o n  acc idents  was presented i n  Appendix I1.M of 
t h e  PFES. Bas ica l ly ,  t h e  Nuclear Regulatory Commission @RC), with 
support  from t h e  Department of Defense and ERDA, w i l l  provide a s s i s t a n c e  
t o  anyone reques t ing  i t  following such acc idents ,  

Comment (page 9) :  

"With respec t  t o  sabotage,  t h e r e  i s  t h e  r i s k  that plutonium, 
which is  one of t h e  f i s s i o n a b l e  materials out of which bombs 
can be made, may be s t o l e n  o r  acquired through some black  
market f o r  making an atomic weapon. The process  of making a 
bomb is  no longer a s e c r e t .  S c i e n t i s t s  say anyone having t h e  
knowledge and t h e  plutonium - could make a crude but  e f f e c t i v e  
bomb i n  a basement workshop. 

"The AEC's  apparent l a c k  of concern over the danger of enemy 
a t t a c k  on a nuclear  f a c i l i t y  is phony and t ransparent .  I n  
A p r i l ,  1975 they rushed t o  Vietnam t o  dismantle ana des t roy  
a nuc lear  reac tor .  Why?" 

ERDA Response: 

Your comment implies  that t h e  f a b r i c a t i o n  o f  an i l l i c i t  nuclear  weapon 
using s t o l e n  plutonium would be a r e l a t i v e l y  easy task. 
recognize t h a t  what would be d i f f i c u l t  or even impossible f o r  a 
p a r t i c u l a r  i n d i v i d u a l  o r  group might conceivably be easy f o r  another ,  

While we 

we b e l i e v e  t h a t  t h i s  quest ion can be put  i n t o  i t s  proper perspec t ive  
only by an o b j e c t i v e  cons idera t ion  of t h e  p a r t i c u l a r  t a s k s  t o  b e  
performed and the  s k i l l s  required f o r  successfu l  completion of these  
tasks .  Sect ion 7.4.5.1.1 d iscusses  some of t h e  problems involved. The 
general  conclusion reached i s  t h a t  t h e  o v e r a l l  p r o b a b i l i t y  of any 
successfu l  explosion of an i l l i c i t  nuclear  weapon i s  v e r y  low. 
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In March 1975, ERDA personnel  removed t h e  nuc lea r  f u e l  from a r e s e a r c h  
r e a c t o r  f a c i l i t y  a t  Dalat, South Vietnam, and took a c t i o n  t o  have t h e  
fue l  r e t u r n e d  t o  t h e  U.S. These personnel  d id  n o t  d i sman t l e  o r  d e s t r o y  
the f a c i l i t y .  
some y e a r s  ear l ier ,  under t h e  Atoms f o r  Peace program. The f u e l  i t s e l f  
was  owned by t h e  U.S. and l eased  t o  South Vietnam. The March 1975 a c t i o n  
was reques t ed  and approved by t h e  Department of State. 
t h e  a c t i o n  w a s  t o  prevent  t h e  nuc lea r  f u e l  from f a l l i n g  i n t o  t h e  hands of 
unauthorized persons.  A t  t h e  t i m e  of i t s  removal, t h e  f u e l  had been 
thoroughly cooled s o  t h a t  i t s  r e s i d u a l  r a d i o a c t i v i t y  was  minimal. 
t h e r e  would have been e s s e n t i a l l y  no r i s k  of widespread contamination 
i f  t h e  f a c i l i t y  had come under m i l i t a r y  a t t a c k .  

The r e a c t o r  f a c i l i t y  had been provided t o  South Vietnam 

The purpose of 

Thus 

Comment (pages 1 0  and 11): 

"FALSE ASSUMPTION 87: THAT THE STATE AND LOCAL GOVERNMENT NTLL TAKE 
RESPONSIBILITY FOR RADIOLOGICAL TRANSPORTA- 
TION ACCIDENTS. 

'The AEC r a d i o l o g i c a l  a s s i s t a n c e  f u n c t i o n  is s o l e l y  
adv i so ry .  The f u l l  r e s p o n s i b i l i t y  f o r  c o n t r o l  of 
a c c i d e n t s  a c t u a l l y  rests with l o c a l  and s t a t e  
a u t h o r i t i e s .  ... 

"THE FACTS: What are the f a c t s ?  When are the r a d i o a c t i v e  
materials considered t o  b e  AEC materials and their  respon- 
s i b i l i t y ?  , . . 
"S ta t e  and l o c a l  a u t h o r i t i e s  have been t o l d  s o  many times that a 
r a d i o l o g i c a l  a c c i d e n t  won't happen that thdy have no p l a n s  a t  a l l  
i n  the event of a nuc lea r  p l a n t  or a t r a i n ,  t ruck or p lane  acci- 
den t  i nvo lv ing  r a d i o a c t i v e  materials. ... 
"Given t h e  non-exis tent  s t a t u s  of most p l a n s ,  i t  ha rd ly  seems 
reasonab le  t o  assume 90 pe rcen t  of t h e  popu la t ion  would be 
evacuated as p o s t u l a t e d  i n  t h e  r e c e n t  Rasmussen r e p o r t .  . . . ' I  

ERDA Response: 

S ince  September of 1972, S t a t e  and l o c a l  government a u t h o r i t i e s  have 
been fo rma l ly  r e c e i v i n g  emergency planning guidance from the former 
AEC-Regulatory arm (now NRC) and o t h e r  Fede ra l  agencies .  A series 
of f o u r  seminars e n t i t l e d  "S ta t e  Emergency P l a n n i n g  i n  Re la t ion  t o  
Licensed Nuclear F a c i l i t i e s "  were conducted by t h e  former AEC and o t h e r  
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involved Federal  agencies between September of 1972 and May of 1973. 
The seminars were at tended by emergency planning r e p r e s e n t a t i v e s  from 
all f i f t y  S t a t e s .  

On November 16, 1973, the AEC published its "Inter im Guide and Checkl is t  
f o r  t h e  Development and Evaluat ion of S t a t e  Radiological  Emergency 
Response Plans f o r  Fixed Nuclear F a c i l i t i e s "  f o r  use by State and l o c a l  
government personnel  involved i n  emergency p lan  development. 
December 1, 1974, the AEC r e v i s e d  the "Inter im Guide ana Checklist" and 
publ ished it as "WASH-1293", "Guide and Checklist f o r  Development and 
Evaluat ion of S t a t e  and Local  Government Radiological  Emergency Response 
Plats i n  Support of Fixed Nuclear 'Facilities." A CODV is attached for 
your information. 

Many of the e s s e n t i a l  planning elements i d e n t i f i e d  i n  WASH-1293 are a l s o  
a p p l i c a b l e  t o  d w e l o p i n g  emergency p lans  t o  cope with the consequences 
of t r a n s p o r t a t i o n  a c c i d e n t s  involving r a d i o a c t i v e * m a t e r i a l s .  
is c u r r e n t l y  involved i n  developing a d d i t i o n a l  guidance t o  cope with 
t h e  unique c h a r a c t e r i s t i c s  of the t r a n s p o r t a t i o n  accident .  A "Guide 
and Example P lan  f o r  Development of S t a t e  Emergency Response Plans and 
Systems f o r  Transpor ta t ion  - Related Radiat ion Incidents"  has  been 
developed under c o n t r a c t  w i t h  t h e  NRC and published by the Western 
I n t e r s t a t e  Nuclear Board and (State)  Regional Training Committee, Region 
V I I I .  This  document is c u r r e n t l y  being evaluated by o t h e r  States, the 
NRC and o t h e r  Federa l  agencies.  

A t r a i n i n g  program i n  "Radiological Emergency Response Planning" f o r  
S t a t e  and l o c a l  government emergency planning personnel has been 
e s t a b l i s h e d  at  t h e  Defense C i v i l  Preparedness Agency (DCPA) S t a f f  
College i n  Battle Creek, Michigan by t h e  NRC and o ther  involved Federa l  
agencies  (a Federa l  Interagency group). Approximately 50 S t a t e  and 
l o c a l  government emergency planning personnel  have at tended this one- 
week course and e i g h t  courses  are planned f o r  'FY-76. 

On 

The NRC 

I n  a d d i t i o n  t o  t h e  formal t r a i n i n g  and guidance provided by NRC and 
o t h e r  involved Federa l  agencies ,  t h e  Federa l  Interagency group provides  
f i e l d  a s s i s t a n c e  i n  r a d i o l o g i c a l  emergency response p lan  devel-opment 
and improvement d i r e c t l y  t o  t h e  S t a t e s  upon t h e i r  reques t .  
accomplished via  a "Federal  Interagency Fie ld  Training Cadre. 'I 

Most States now have active programs underway t o  imprwe their radio-  
l o g i c a l  emergency response pos ture  and plans.  The NRC, and ot:her 
involved Federa l  agencies ,  recognize t h a t  c e r t a i n  hprovements  need t o  
be made i n  S t a t e  and l o c a l  government r a d i o l o g i c a l  emergency response 
plans.  
pursuing a multi-faceted program of providing guidance, a s s i s t a n c e  and 
t r a i n i n g  t o  S t a t e  and l o c a l  governments. 

This is 

By v i r t u e  of t h e  above out l ined  a c t i v i t i e s ,  the NRC is a c t i v e l y  
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Research and development e f f o r t s  on s e v e r a l  a s p e c t s  of t hese  problems 
ate underway a t  s e v e r a l  of t he  Nat ional  Labora to r i e s  and by t h e  NRC and 
ERDA headquarters  s t a f f s .  Examples include the  Atmospheric Release 
Advisory Capab i l i t y  (ARAC) a t  t he  Lawrence Livermore Laboratory,  t he  
Clinch Valley Study a t  the Oak Ridge Nat ional  Laboratory,  and a r a p i d  
version of the  Aerial Radiat ion Monitoring System (ARMS) being 
considered f o r  development by t h e  headquarters  s t a f f s .  I n  a d d i t i o n ,  
s t u d i e s  of t h e  eva lua t ion  of r i s k s  of evacuat ing populat ion groups a r e  
underway w i t h i n  EPA. 

NRC r e s p o n s i b i l i t i e s  and a c t i o n s  have been mentioned i n  t h e  previous 
paragraphs.  ERDA is  r e spons ib l e  f o r  shipping nuc lea r  m a t e r i a l s  t h a t  
are p r i m a r i l y  f o r  use i n  ERDA test and product ion r e a c t o r s  o r  f o r  
nuc lea r  weapons. 

Comment (page 11):  

"FALSE ASSUMPTION 88: THAT OUR PAST EXPERIENCE JUSTIFIES OUR 
CONFIDENCE I N  THE BREEDER. 

"THE FACTS: An experimental  r e a c t o r ,  t h e  Enrico Fermi p l a n t  
nea r  D e t r o i t ,  Michigan, s u f f e r e d  the  worst  f a i l u r e  of any 
nuc lea r  r e a c t o r  t o  d a t e .  I n  1966, a coolant  l i n e  became 
clogged and the  r e a c t o r  co re  melted.  The r e a c t o r  was 
subsequent ly  shu t  down fo reve r .  
days of peak power gene ra t ion  a t  a cost of about $130 m i l l i o n .  

"Of t h r e e  b reede r s  operated i n  t h e  U.S . ,  two have s u f f e r e d  
f u e l  meltdowns. Although no s i g n i f i c a n t  r a d i a t i o n  escaped 
e i t h e r  f a c i l i t y ,  the record d o e s n ' t  s ay  much f o r  t he  promise 
of t h e  technology." 

It had had a t o t a l  of 30 

ERDA Response: 

As i n d i c a t e d  earlier,  t h e  f a i l u r e  i n  t h e  Fermi r e a c t o r  i s  desc r ibed  
i n  Annex C t o  Sect ion 4.2.7 of the  PFES, and r e s u l t e d  from a blockage 
which would not  be p o s s i b l e  i n  an LMFBR of c u r r e n t  design.  Both t h e  
Fermi Reactor and the  EBR-I are q u i t e  d i f f e r e n t  i n  design from planned 
LMFBR's. For example, t he  fue1,was m e t a l l i c  ( r e l a t i v e l y  low melt ing 
p o i n t )  compared wi th  the  oxide f u e l  (melting p o i n t  around 5000'F) used 
i n  c u r r e n t  l i g h t  water  r e a c t o r s  and planned LMFBR's. 

Although, a s  you c o r r e c t l y  p o i n t  o u t ,  t h e  Fermi Reactor is no longer  i n  
ope ra t ion ,  i t  was i n  ope ra t ion  u n t i l  1972. 
r a t h e r  t han  r e f u e l  t he  r e a c t o r  ( f o r  economic reasons)  was announced on 

The d e c i s i o n  t o  decommission 
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November 29,  1972. 
meltdown occurred during experimentat ion of a type which would no t  be 
conducted i n  a commercial r e a c t o r .  

The EBR-I was an e a r l y  experimental  r e a c t o r  and 

Comment (page 11): 

"FINAL FALSE ASSUMPTION: THAT THE UNITED STATES SHOULD PROCEED 
WITH THE W B R  PROGRAM. 

"THE FACTS: 
r e a c t o r  has no bus iness  t r y i n g  t o  produce f a s t  breeder  
r e a c t o r s .  

An AEC that can n o t  produce a s a f e  l i g h t  w a t e r  

ERDA Response: 

W e  b e l i e v e  that the l i g h t  water r e a c t o r  s a f e t y  r eco rd  speaks f o r  i t s e l f  
and t h a t  t h i s  r eco rd  w i l l  be  maintained f o r  r e a c t o r s  of a l l  types.  

n 
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FEDERAL POWER COMMISSION 
WASHINGTON, D.C. 20426 

A p r i l  3,  1975 

M r .  W .  H. Pennington 
U. S. Energy Research and 

Assessments and Coordination Off icer  
Division of Biochemical and Environ- 

Washington, D. C .  20545 

Development Administration 

mental Research 

Dear m* P@-tm: 

We appreciate  the opportunity t o  c m e n t  on the U. S .  
Energy Research and Development Administration's Proposed 
Fina l  Environmental Impact Statement on the Liquid Metal 
Fast  Breeder Reactor Program which w a s  c i rcu la ted  fo r  
comment on January 24, 1975. The Bureau of Power by 
l e t t e r  dated May 16,  1975 from M r .  T.  A.  P h i l l i p s  commented 
on the Draf t  Environmental Impact Statement. A copy of 
t h a t  l e t t e r  and response r e l a t ed  there to  a re  included i n  
the proposed f i n a l  statement. 

The FPC s t a f f  views the Liquid Metal Fast  Breeder 
Reactor (LMFBR) a s  having the po ten t i a l  f o r  improving 
the c r i t i c a l  energy supply s i tua t ion .  Recent experiences 
regarding energy shortages and prospects fo r  continuing 
and increasingly ser ious problems emphasize and point t o  
the urgent need f o r  the timely development of a l l  our 
po ten t i a l  energy sources while giving f u l l  consideration 
t o  ove ra l l  environmental i n t e r e s t s .  

The staff of the Federal  Power CornmissLon has 
examined the Proposed Fina l  Statement and continues t o  
bel ieve t h a t  the LMFBR program, i f  brought t o  f r u i t i o n ,  
would contr ibute  toward the r e l i a b i l i t y  and adequacy of 
bulk e l e c t r i c  power systems. However, the demonstration 
p lan t  schedule has s l ipped s ince we commented on the Draft  
Environmental Impact Statement, as  have the projected 
addi t ions of l i g h t  water reac tor  capaci ty ,  so  t h a t  some 
of the generating capacity data given a t  t h a t  time a r e  
out of da te .  Although i t  now appears t h a t ,  through 1980, 
ac tua l  demands may be below the project ions of  the 1970 
National Power Survey, the Bureau of Power bel ieves  i t  
i s  qui te  possible  t h a t  e l e c t r i c  loads by 1990 would equal 
or  exceed the  National Power Survey proiect ions i f  there  
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i s  extensive subst i tut ion of coal and nucleur energy, v h  
e l e c t r i c i t y ,  for  present o i l  and natural  gas applications. 
We believe tha t  the long term need for  the LMFBR has not 
been diminished by the current slowdown i n  load growth. 

The Proposed Final  Environmental Statement assumes a 
base case rowth of e l e c t r i c i t y  roduction by the year 

amount of e l e c t r i c i t y  would account fo r  65 percent of the 
annual consumption of a l l  energy resources i n  tha t  year, 
compared with 25 percent today. 
equivalent t o  a compound r a t e  of about 6 percent per 
year, which i s  possible, but lower growth r a t e s  a re  also 
possible. I n  i t s  cost-benefit  stud , however, the 

thus, we consider t ha t  the Statement adequately covers 
a range of reasonable growth poss ib i l i t i e s .  

The Statement notes tha t  the AEC recently estimated 
tha t  high grade U. S .  uranium resources amount t o  about 
2.4 million tons of U308, two-thirds of which remain t o  
be discovered, but t ha t  these w i l l  be fu l ly  conrmitted 
for  the l i fe t ime uranium requirements of nonbreeder 
nuclear plants estimated t o  be i n  operation by the ear ly  
1990s. This depletion of uranium resources i s  ref lected 
t o  the base case projection fo r  2020, which indicates t ha t  
of the 76 percent of e l e c t r i c  generating coming from 
nuclear plants  i n  t h a t  year, about 2/3 would be derived 
from LMFBRs. 
would be 3% times the t o t a l  U. S .  generation i n  1974, 
indicating a r a t e  of coal  consumption f o r  e l e c t r i c  
approximately 6 times the current rate, o r  about 2, e 00,000 
tons per year. Consequently, the projection recognizes 
the potent ia l  fo r  expanded use of coal even though indicating 
tha t  about one-third the Nation's t o t a l  energy supply i n  
2020 would be derived from LMFBRs. We consider t h i s  projected 
expansion of f o s s i l  generation t o  be reasonable. 

2020 t o  a f eve1 about 15 times t E e current level. That 

The assumed growth i s  

Statement examines a growth r a t e  5 J h below the base case; 

The generation from f o s s i l  sources i n  2020 

mer 

The probable a v a i l a b i l i t  of uranium fo r  non-breeder 

forms of f i s s ion  reactors  and the prospects for  fusion 
reactor8 are not topics on which we are su f f i c i en t ly  wall 
~nfo i -nad  t o  offcar eenmnent, Wo q r e e  with the Statement's 
general observation tha t  declining supplies of oil and 

reactors without the LMFBR, t K e poss ib i l i t i e s  of other 
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na tura l  gas place pr incipal  emphasis upon coal  as the 
f o s s i l  f u e l  technology a l te rna t ive  t o  the LMFBR, but t ha t  
environmental problems place obstacles t o  great ly  expanded 
coal  use and tha t  exclusive use of coal as  the energy source 
fo r  e l e c t r i c i t y  could deplete the Nation's reserves i n  l e s s  
than a century. 

the  various estimates of U. S. coal  resources and of the 
range of costs  involved i n  t h e i r  development. The State-  
ment forecasts t ha t  t o t a l  coal  production w i l l  be i n  the 
neighborhood of 2,000 mill ion tons annually by the year 
2000, more than three times the current r a t e ,  of which 
about ha l f ,  o r  1,000 mil l ion tons annually, would be used 
i n  e l e c t r i c  power plants.  We believe t h i s  projection t o  
be within the range of reasonable poss ib i l i t i e s ,  but t ha t  
power plant use of coal  by the year 2000 could be somewhat 
higher than 1,000 mil l ion tons per year. 
Power Survey projected u t i l i t y  coal  consumption i n  1990 
a t  700 mil l ion tons per year, before the s h o r t f a l l  i n  o i l ,  
na tura l  gas and nuclear power w a s  evident. 

The Statement's projection of o i l  and na tura l  gas use 
fo r  e l e c t r i c i t y  generation, embodied i n  Table 6A. 2-13, 
i s  reasonable, although the government's e f f o r t s  t o  r e s t r i c t  
o i l  use a re  aimed a t  considerably lower levels  of u t i l i t y  
o i l  consumption by 1980 and 1985. The Statement does note 
tha t  the o i l  e s t a t e s  were prepared i n  1972 and are subject 
t o  revis ion in view of events that have transpired since.  
We agree t h a t  o i l  from shale or  tar sands i s  unlikely t o  
be s igni f icant  fo r  e l e c t r i c  power generation. 

and the declining ro l e  of hydro i n  respect t o  t o t a l  power 
supply i s  based upon FPC reports and publications and 
requires no comment. 

i n  the Statement, including resources and technology 
development, with the conclusion tha t  geothermal power 
could become an important source of energy i n  some western 
regions by the end of the century, but t ha t  i t  i s  questionable 
whether it w i l l  become of nat ional  significance i n  the 
foreseeable future.  Solar energy i s  a l s o  discussed a t  some 
length, with the conclusion tha t  despite the inexhaustible 

W e  do not disagree with the Statement's evaluation of 

The 1970 National 

The Statement's discussion of hydroelectric po ten t ia l  

There i s  considerable discussion of geothermal power 
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supply i t s  only potent ia l ly  s ign i f icant  energy ro le  i n  
t h i s  century i s  as  thermal energy for  buildings,  and tha t  
t h i s  use w i l l  not materially reduce the demand for  
e l e c t r i c i t y .  Wind power i s  evaluated as a potent ia l ly  
useful source of energy for  small communities, but not 
as a supplement for  large power systems. The commercial 
f e a s i b i l i t y  of ocean thermal-gradient power plants i s  
described a s  uncertain, t i d a l  energy i s  evaluated as too 
small and cost ly  t o  be a s igni f icant  energy supply factor  
and energy from organic wastes, while practicable and 
useful for  waste disposal,  i s  considered t o  be too small 
a resource t o  have a large energy impact. We have no 
disagreement with these general observations. 

The Statement a l so  discusses in t e rna l  combustion 
engines, gas turbines,  binary cycles,  fue l  c e l l s ,  ba t t e r i e s ,  
thermoelectric converters, thermionic convertors and 
magnetohydrodynamics. Its characterizations of the 
technology s t a tus  and poten t ia l  uses i n  e l e c t r i c  power 
supply of these concepts i s  r e a l i s t i c .  

The Statement includes a discussion of conservation 
options and t h e i r  po ten t ia l  with respect t o  future demand 
fo r  e l e c t r i c i t y .  This section i s  regarded by s t a f f  as  a 
f a i r  appraisal  of the question. We would, however, suggest 
caution when discussing the r e l a t ive  e f f ic ienc ies  of space 
heating by e l e c t r i c i t y  compared t o  d i r ec t  combusti.on of 
f o s s i l  fuels.  
dependant on a large number of var iables  and a general 
statement t o  the e f f ec t  t ha t  one system i s  more e f f i c i en t  
than another by a ce r t a in  amount i s  not possible. 

Based upon an evaluation of these comments we believe 
tha t  the LMFBR program i s  a v i t a l  element i n  the national 
energy e f fo r t .  

The ac tua l  operating e f f ic ienc ies  a.re 

.Energy Systems. 

. . .  
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U N W  STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON. D.C. 20545 

M r .  Richard U i l l  
Acting Director  
Off ice  of Energy Systems 
Federal  Power Commission 
Washington, D. C. 20426 

Dear Mr. H i l l :  

Thank you f o r  your letter of Apri l  3, 1975 on the  Proposed F ina l  
Environmental Statement (PFES) f o r  t he  Liquid ?fetal Fas t  Breeder Reactor 
(IMFBR). Program. We agree tha t  t he  LMFBR has the  p o t e n t i a l  t o  become an  
important energy opt ion i n  the  na t iona l  energy e f f o r t .  
appreciate  the FPC s t a f f  review of the  assumptions used i n  respec t  t o  
energy resources and t h e i r  projected u t i l i z a t i o n .  
t o  have the  FPC judgment t h a t  these assumptions genera l ly  have been 
wi th in  reasonable bounds. 

We p a r t i c u l a r l y  

It i s  most encouraging 

We apprec ia te  t he  Commission's continuing i n t e r e s  t i n  t h e  LMFBR prosam.  
A copy of t he  F ina l  Environmental Statement is enclosed. 

Sincerely,  

n 

W L  ames L. Liverman 
U A s s i s t a n t  Administrator €or  

Environment and Safety 

Enclosure : 
Fina l  Env$ronmental Statement,  

LMFBR Program 
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ASSISTANT SECRETARY OF DEFENSE 
WASHINGTON. D. C. 20301 

8 APR 1975 

Mr. W. H. Pennington 
Assessments and Coordination Officer 
U. S. Energy Research & Development 

Washington, D. C. 20545 
Administration 

Dear Mr .  Pennington: 

This i s  in response to the Council on Environmental Quality's request of 
February 3,  1975, for  our review of Energy Research and Development 
Administration's final environmental impact statement on the liquid metal  
fast breeder reactor  (LMFBR) program. We have reviewed the document 
with special emphasis on the national security aspects of safeguards and 
believe the statement has reasonably considered the factors to balance the 
predicted environmental costs against the potential gains to  our society. 
The impact of a mili tary attack directed toward the LMFBR has been 
adequately discussed, and we concur in the findings that the LMFBR will 
not significantly add to  the problems confronting the nation i f  we are involved 
in a war. 

The possibility of theft o r  diversion of plutonium is a major  concern. 
Current safeguards must be improved to keep pace with the growing non- 
breeder reactor program. W e  believe it i s  essential to  c a r r y  out plans to  
do this in the near te rm,  and that the system of interrelated safeguard 
measures  used to protect nuclear facilities can continue to protect against 
t e r r o r i s t  or  other criminal effor ts  to  obtain special nuclear mater ia ls  when 
the LMFBR is  a major element in  the nation's economy. 

The long t e r m  hazardous waste management problems for both high level 
radioactivity and other wastes  a r e  stilt  not resoived. 
to  receive high RsLD priority in the ERDA program. 

This should continue 

We appreciate the opportunity to review the final environmental impact 
statement. 

Sincerely, 

* p w d !  
George Marienthat 

Deputy Assistant Secretary of Defense 
for Environmental Quality 
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UNITED STATES 
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATIOIN 

WASHINGTON, D.C. 20545 

U t .  George Narienthal  
Deputy Ass is tan t  Secre ta ty  of Defense 

Washington, D. C. 20301 

Dear Hr. Marienthal:. 

for Environmental Qual i ty  

Thank you f o r  your l e t te r  of Apr i l  8 ,  1 9 7 5 ,  which provided comments on 
t h e  Proposed Fina l  Environmental Statement (PFES) f o r  t h e  Liquid Metal 
Fast  Breeder Reactor Program. 

U e  concur completely w i t h  your comments on t he  need for curren t  and 
continued s t rengthening of safeguards a g a i n s t  t h e f t  and divers ion of 
plutonium, and on t h e  need f o r  r e s o l u t i o n  of long term hazardous w a s t e  
management problems. 
(ERDA) is conducting vigorous research and development ptagr,ems i n  both 
areas. 
Commission t o  assure  t imely r e f l e c t i o n  of new technology i n t o  t h e  
comercial segments of t h e  nuc lear  f u e l  cycle .  We are confident  t h a t  
these  and o t h e r  ERDA R&D e f f o r t s  will permft t h e  cont inuing o r d e r l y  
development of s a f e  and r e l i a b l e  wmercial nuclear  power as required 
to  meet t h e  Nation's needs. 

The Energy Research and Development Advdnistration 

These programs are being coordinated wi th  t h e  Nuclear Regulatory.  

In response t o  t h e  w r i t t e n  comments received on t h e  PF'ES and t h e  
testimony presented a t  t h e  May 27-28, 1975 Publ ic  Hearing, a Fina l  
Environmental Statement has  been prepared. A copy is  enclosed f o r  
your information. 
review. 

We apprec ia te  your p a r t i c i p a t i o n  in t h e  f i n a l  

Sincerely,  

w i s t a n t  A d d n i s F r a t o r  f o r  
Environment and Safe ty  

Enclosure : 
F i n a l  Environmental Statement,  
IWTBR Program 



V .62-1 

MORGAN, L E W I S  & BOCKIUS 
C O U N S E L O R S  AT LAW 

1140 CONNECTICUT AVENUE, N. W. 
WASHINGTON, D. C. 20036 

TLLLROYL: 202 072-5000- 
UBLL ADDILSS: HORLEBOU 

TELEX: 440238 

April 9, 1975 

Mr. W. H. Pennington 
Assessment and Coordination Officer 
Division of Biomedical and Environmental 

U.S. Energy Research and Development 

Washington, D.C. 20545 

Res ear ch 

Adminis tra t ion 

Re: Proposed Final Environmental Statement - 
Liquid Metal Fast Breeder Reactor Program 

Dear Mr. Pennington: 

we present our comments in relation to the proposed final 
environmental statement on the LMFBR program. We have 
reviewed the statement and wish to commend the Commission 
for its thorough analysis of the complex issues associated 
with the LMFBR program. 

We should emphasize that the proposed final environ- 
mental statement establishes a compelling case for priority 
pursuit of the nation's W B R  program. The statement analyzes 
all segments of the LMFBR fuel cycle, compares that fuel cycle 
with alternative energy strategies, and demonstrates that the 
LMFBR will produce enormous benefits to consumers of electric 
power, minimal environmental impact, and no undue risk to 
the public health and safety. In addition, the statement 
directly addresses all comments in a responsive and forth- 
right manner. 
project other than the LMFBR program has received a comparable 
degree of scrutiny. 

W B R  program has now reached a critical point. 

On behalf of Project Management Corporation (PMC), 

We do not believe that any energy development 

We believe that the assessment of the merits of the 
Further 
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MORGAN, LEWIS 8, BOCKIUS 

Mr. W. H .  Pennington 
A p r i l  9 ,  1975 
Page two 

analysis can only strengthen the compelling case for priority 
pursuit of the W B R  program. 
take prompt and favorable action on the LMFBR program. 

We urge the Administrator to 

Very truly yours, 

Attorney for Pro 
Management Corporation 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Hr. George L. Edgar 
Attorney for Project 

Management Corporation 
Morgan, L e v i s  and Bockius 
1140 Connecticut Avenue, N.W. 
Washington, D. C. 20036 

Dear Mr. Edgar: 

Thank you for your letter of April 9 ,  1975 concerning the Proposed Final 
Environmental Statement (PFES) f o r  the  Liquid Metal Fas t  Breeder Reactor 
(LMFBR) Program. 
.nd your support  of the LHFBR Program. 

A Final Environmental Statement has been prepared which takes into 
account the  wr i t ten  comments received on the PFES as w e l l  as the  
t e s t b o n y  presented a t  the May 27-28, 1975 Public Hearing. A copy 
Le enclosed for your information. 

We appreciate the favorable comments on the Statement 

Sincerely, 

Enclosure: 
F i n a l  Environmental Statement, 

W B R  Program 

wL J ea L. Llvennan 
s i s t a n t  Administrator for  

wEnvironment and Safety 





V .63-2 

UNITE0 STATES 
ENERGY RESEARCH AND DEVELOPMENT AOMINISTRATION 

WASHINGTON, O.C. 20545 

Hs. Marsha Descotiawt 
Rt. 2, Box 543 
Clatskanie, Oregon 97016 

Dear Ms. Descotiaux: 

Thank you fo r  your letter of April 3, 1975 i n  which you expressed your 
vieus on the use of nuclear energy. 
Administration (ERDA) recognizes tha t  s a f e t y  and protection of the 
public health are important considerations i n  the use of nuclear power, 
and accordingly ERDA is copducting the necessary programs t o  ensure t h a t  
the public is not endangered. 

The Energy Research and Development 

As you recognize in your letter, radioactive materials can pose a cancer 
r h k .  Hwever, t h i s  r i s k  is wellrunderstood and nuclear facilities a r e  
designed t o  l i m i t  the release of nuclear material  t o  l o w  l eve l s  t ha t  do 
not expose the public t o  unacceptable levels of r isk.  Naturally occurring 
radiation is always present in the environment, and the radiation exposure 
resul t ing from nuclear power is equivalent t o  a very small fract ion of 
t h a t  due t o  naturally occurring radiation. 

Cosmercial nuclear power plants have been operating i n  the U.S. f o r  
nearly two decades and during tha t  period they have demonstrated tha t  
nuclear p w e r  can produce low cost  e l e c t r i c i t y  without endangering the 
public. 
centuries,  ERDA is engaged i n  research, development and demonstration 
of the Liquid Metal Fas t  Breeder Reactor (LMPBR) concept. In support 
of t ha t  e f fo r t  and t o  m e e t  the requirements of the  National. Environmental 
Policy A c t  a Final Environmental Statement (PES) f o r  the W B R  Program 
has been prepared. 
in  great  d e t a i l  and w e  have enclosed a copy of the FES f o r  yo= information. 

In  order t o  extend the benefi ts  of nuclear power over many 

Section 11 of t h i s  document addresses your concerns 

You state tha t  you f e e l  development funds could be b e t t e r  spent on solar 
cells. Although our environmental review of the LMFER Program has l e d  
EBDA t o  conclude tha t  continuation of research, development and demonstration 
of the LMFBR concept is needed, continuation of the I X F B R  Program w i l l  not 
be at  the expense of al ternat ive pwer  generation and conservation 
concepts, which m u s t  be  developed ou a p r io r i ty  basis.  
other technology options including so la r  energy, which are examined i n  
Section I1 of the F i n a l  Environmental Statement, are receiving substantially 

Indeed, these 
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increased appropr ia t ions  i n  t h e  c u r r e n t  f i s c a l  year  and are proceeding 
a t  a pace l i m i t e d  only by t h e  need t o  b u i l d  up t h e  new programs e f f i c i e n t l y  
and e f f e c t i v e l y  . 
It is hoped t h a t  your review of t h e  enclosed F i n a l  Erivironmental 
Statement w i l l  a l l e v i a t e  your concerns,  and w e  thank you f o r  your Lnteres t  
in t h e  W B R  Program. 

Sincerely, 

- 
Environment and Safety - 

Enclosure: 
F ina l  Environmental Statement,  
LMFBR Program 
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NATIONAL SCIENCE FOUNDATION 
W A S H I N G T O N ,  D C 20550 

A p r i l  9, 1975 

Mr. W. H. Pennington 
Assessments and Coord inat ion 

O f f i c e r  
D i v i s i o n  o f  Biomedical and 

Environmental Research 
U. S. Energy Research and 

Development Admini s t r a t i o n  
Washington, D. C. 20545 

Dear M r .  Pennington: 

Through t h e  Foundat ion’s C o r n i t t e e  on Environmental Statements, 
we have reviewed WASH-1535-Liquid Metal  F a s t  Breeder Reactor 
Program. 
Should you wish t o  c o n t a c t  the  i n d i v i d u a l s  who submi t ted these 
comments t o  t h e  Corn i t t ee ,  p lease c a l l  John Giacomini on 632- 
7360. 

The comments rece ived  on WASH-1535 a r e  at tached. 

Depff A s s i s t a n t  D i r e c t o r  f o r  
Nat ‘o  a1 and I n t e r n a t i o n a l  Programs 

Attachment 
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COMMENTS ON WASH-1535 

LIQUID METAL FAST BREEDER REACTOR PROGRAM 

1. The Environmental Impact Statement must be accepted as a 
sincere and competent e f f o r t  t o  address the environmental conse- 
quences o f  the LMFBR i n  the t o t a l  context of our society. 
of the scope o f  t h i s  endeavor there Is a lag between when the 
report  i s  w r i t t en  and when i t  i s  reviewed. As a resu l t  much o f  the 
data used t o  predict  fu ture events i s  outdated before i t  can be pub- 
lished. 
ject ions and the potent ia l  impacts of energy conservation pirograms. 
The cost-benefit analysis o f  the LMFBR i n  the EIS i s  based upon a 
developnent cost on the order o f  $5 b i l l i o n  and an introduction 
date o f  1987. The Wall Street Journal (1-27-75) reports that  the 
current estimates are f o r  a development cost o f  $10 b i l l i o n  and 
an introduction date i n  the 1990's. Reportedly, the GAO has studied 
the total costs o f  the program. 
the EIS. 

su f f i c i en t  a t tent ion in  the EIS. 
energy" i s  not resolved. Second, the question o f  "public accept- 
ance" o f  the LMFBR i s  not considered f u l l y .  
economic, technical, and environmental problems o f  the LMFBR might 
be successfully solvedr the solutions w i l l  be academic i f  the pro- 
ponents o f  the LMFBR are unable t o  gain publ ic acceptance f o r  the 
cotstruct ion o f  the power plants. This could be a cruc ia l  issue. 
The publ ic could s t l l l  say "no" a f t e r  a l l  questions have been 
answered. The emotional tone should be one o f  acceptance. 

lfecause 

This i s  pa r t i cu la r l y  t rue i n  regard t o  future demand pro- 

These r e s u l t s  should  be updated i n  

There are two aspects o f  the LMFBR that  do not receive 

Even i f  a l l  o f  the 

F i rs t ,  the question o f  "net 

2. The ERDA l eg i s la t i on  includes a mandate from Congress that  
net energy be considered i n  energy research and development;. The 
primary conceptual f law I n  the document i s  the neglect o f  the ques- 
t i o n  o f  o ten t i a l  net energy production by the LMFBR re la t i 've t o  
al ternatfve power systems. I n  other wordsr what are the t o t a l  
energy costs o f  the program r e l a t i v e  t o  the potent ia l  energy produc- 
t i o n  by the system? We understand tha t  a number o f  prelimiinary ca l -  
culat ions by groups i n  both the U.S. and U.K. suggest the LMFBR 
w i l l  y i e l d  net energy a t  a r a t i o  of 3:l or less which woulcl be i n f e r i o r  
t o  al ternat ives such as various coal p o w m s t e m s .  
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3. An impact statement should present a series o f  project ions 
o f  macroeconomic effects and microeconomic costs o f  d i f ferent  
scenarios wi th  the LMFBR with some attempt made to  assess the range 
o f  reasonable estimates and some explanation of the basis f o r  these 
bstimates and how they r e l a t e  to exist ing l i t e ra tu re .  The author 
might wish to  touch base w i th  the FEA on t h i s  matter. 

The cruc ia l  question on the benefit side i s  what happens 
t o  the economy if we postpone c m i t t i n g  ourselves to  producing a 
s ign i f icant  port ion of our energy from the LMFBR? A good answer 
would show estimates o f  the growth rates, the rates o f  i n f l a t i on ,  
the ef fects on d i f f e ren t  income groups, the regional impacts, the 
dependence on imports from insecure sources, etc. The impact 
statement shows us h i s t o r i c a l l y  that  energy consumption and national 
income has grown together i n  the past. 
were decl ining and even w i th  decl ining prices the r a t i o  o f  energy t o  
GNP declined. I n  other words we needed less energy input f o r  more 
output o f  goods and services despite a decl ining incentive t o  con- 
serve on energy. I f  t h i s  was the case h i s to r i ca l l y ,  how much con- 
servation w i l l  take place when energy prices r i s e ?  Dale Jorgenson, 
Ewrd Hudson, David Wood, etc., a large number o f  the best analysts 
working i n  t h i s  area expect s igni f icant reductions i n  energy growth 
due t o  higher prices and subst i tut ion o f  coal f o r  o i l  and natural 
gas. The impact statement should address t h i s  issue d i rect ly .  

as: "A conclusion of the cost-benefit analysis i s  t ha t  about 1.7 
t r i l l i o n  do l lars  (undiscounted) w i l l  be avai lable through the year 
2020 t o  the c i t izens o f  the U.S. f o r  'goods and services' i f  the 
LMFBR i s  developed f o r  e lec t r i c  energy generation instead o f  r e l y -  
ing on other generation systems." (What generation systems? I s  
LMFBR superior to coal powered plants? How much cer ta in ty  can we 
dttach t o  these estimates o f  capi ta l  requirements?) 

But i n  the past energy prices 

There are samunsupported statements i n  t h i s  report, such 

4. 1. Part 2, Background, o f  the subject report  gives an 
excellent review o f  the relat ionship o f  the LMFBR program t o  the 
U.S. energy economy and the h is tory  o f  the LMFBR program. 

very good review o f  the objectives and considerations leading t o  the 
status o f  the project  as o f  December 1974. 
shows the influence of strong research, development, and engineering 
guidance. 
this part. 

2. P a r t  3, LMFBR Program, of the subject report  gives a 

This p a r t  o f  the report  

However, concern i s  raised about the l a s t  portions of 
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a. Page 3.5-6 needs t o  be amended t o  cover changes 
which have taken place i n  the Project  Management Corporation 
since the subject repor t  was Prepared. 

Pages 3.5-8 through 3.5-11 covers spec i f i c  econ- 
omic and doubling tlme considerations. The recent advances 
made by other countr ies i n  the LMFBR e f f o r t  ought t o  receive 
due a t ten t ion  i n  resolv ing the U.S. posi t ion.  The matter o f  
reactor safety ought t o  be one of the highest p r i o r i t i e s  here. 

Section 3.6, LMFBR Supporting Studies, deals i n  
pa r t  w i th  the environmental considerations. 
these considerations have lagged behind the thorough e f f o r t  
given t o  the technical research, development, and engineering 
o f  the LMFBR i t s e l f .  On matters o f  rad io log ica l  studies, 
spent fue l  shipping, and thermal effects, studies are under 
way and some reports are wr i t ten.  
t ha t  these considerations ought t o  have been covered a t  an 
e a r l i e r  date stepwise w i th  the technical progress o f  LMFBR. 
Waste, i n  part icular,  should get as much a t ten t i on  and 
emphasis as R & D for the LMFBR has received t o  date. 

b. 

c. 
It appears tha t  

A pos i t i on  might be taken 

3. A review of Part 1 leads t o  the fo l lowing points: 

a. On page 1.1-6, second paragraph, i t  i s  disturb- 
ing  t o  read, " I n  the past few years, exploratory d r i l l i n g  
has not added grea t ly  t o  uranium reserves, and no new pro- 
ducing areas i n  the U.S. have been discovered i n  the past 
17 years." This raises the question: How can we have a 
nuclear power program without information on new sources 
o f  uranium? 

b. On pages 1.3-3 and 1.3-4, reference i s  made t o  
the technology t o  be used on radioact ive wastes from the 
LMFBR fue l  cycle and t o  new technology under development.. 
One may conclude tha t  the waste management f o r  both LWR's 
and the LMFBR needs t o  be advanced and implemented before 
fu r ther  commitment o f  funds on the LMFBR. 

c. A t  the top o f  page 1.4-3 reference i s  made t o  
t h i s  statement, "Proper design and operation o f  blowdowni 
discharge systems eas i l y  provide f o r  the d i l u t i o n  o f  d is -  
charged chemicals t o  acceptable concentrations i n  the 
environment." This i s  not a sa t is fac to ry  means o f  dispolsal 
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i n  1975. 
undesi rab le cons t i t uen ts .  

Adequate t reatment would p rov ide  f o r  removal o f  

d. Sec t i on  1.4-2.1 page 1.4-3 deals  w i t h  an est imate 
o f  added annual popu la t i on  r a d i a t i o n  dose due t o  s p e c i f i c  
operat ions.  I t  r a i s e s  t h e  quest ion:  Who has the r i g h t  t o  
do t h i s ?  

e. The ma t te r  o f  t r a n s p o r t a t i o n  o f  r a d i o a c t i v e  m a t e r i a l s  
i s  considered on pages 1.4-4, 1.4-5, 1.4-7, and 1.4-8. More 
cons ide ra t i on  should be g iven t o  c e n t r a l i z i n g  f a c i l i t i e s  t o  
reduce t h e  r i s k s  o f  t ranspor ta t i on .  

I n  the  l a s t  paragraph, on page 1.5-1 the re  i s  an 
i n d i c a t i o n  t h a t  I' . . . . nuclear  p l a n t s  a r e  u s u a l l y  b u i l t  
i n  r u r a l  l o c a t i o n s . "  Some o the r  wording, such as low popu- 
l a t i o n  areas, may be more approp r ia te  here because these 
r u r a l  areas i n  many present  cases a r e  l oca ted  a l s o  near urban 
centers  . 

f. 

g .  r e t r i e v a b l e  sur face storage o f  h igh - leve l  wastes has been 
considered. 
ant.  
t o  be secondary t o  r a d i o l o g i c a l  safety .  

h. I n  general  on the  mat ter  o f  handl ing r a d i o a c t i v e  
wastes, many aspects need t o  be brought up t o  the  same h i g h  
degree of technology being used on t h e  LMFBR i t s e l f .  

On page 1.6-9, f o u r t h  paragraph, an a l t e r n a t i v e  f o r  

For  many persons r e t r i e v a b i l i t y  i s  ve ry  impor t -  
The c o s t  ought One may quest ion t h e  c o s t  f a c t o r s  too. 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Mr. T. 0. Jones 
Deputy Assistant Director 
National and International Programs 
National Science Foundation 
Washington, D. C. 20550 

Dear Mr. Jones: 

Thank you for your letter of April 9 on the Proposed Final Environmental 
Statement (PFES) for the Liquid Metal Fast Breeder Reactor (LMFBR) 
Program. The Energy Research and Development Administration (ERDA) has 
reviewed all written comments received on the PFES as well as the 
testimony received during &he Public Hearing held on May 27-28, 1975, 
and has taken these view3 into account in the preparation of the Final 
Environmental Statement on the W B R  Program. 
satisfactory responses to pour comments in the enclosures to this letter. 

We hope you will find 

Thank you for your comments and for your interest in the W B R  program. 
A cor; cf the Bind En+?ironniental Statenest is eirclosed for  your 
information. 

Sincerely, 
n 

ssistant Administrator for W Environment and Safety 
Enclosures : 
1. ERDA Staff Responses to 

2. Final Environmental Statement, 
Specific Comments 

LMFBR Program 

n 
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ERDA Staf f  Responses t o  Spec i f ic  Comments by the  National Science 
Foundation 

Comment (p. 1 ) :  

"The Environmental Impact Statement must be accepted as a s incere  
and competent e f f o r t  t o  address the  environmental consequences of 
the  LMFBR i n  the  t o t a l  context of our  soc ie ty .  Because of the  
scope of t h i s  endeavor the re  is a l a g  between when the repor t  is  
wr i t ten  and when i t  i s  reviewed. .... This is p a r t i c u l a r l y  t r u e  
i n  regard to  fu tu re  demand pro jec t ions  and the  po ten t i a l  impacts 
of energy conservation programs.'' 

ERDA Response : 

The t i m e  l a g  between any e f f o r t  and the  subsequent publ ica t ion  and 
review of t h a t  e f f o r t  is indeed unfortunate.  However, i n  the context 
of t he  PFES which dea ls  with long range planning through the  Year 2020 
such t i m e  l ags  do not severely impact the  fo recas t s  and conclusions.  
With respec t  t o  fu ture  energy demand the re  is  l i t t l e  reason t o  th ink  
the  current  recessionary drop i n  energy demand w i l l  change the  long 
range energy growth any more than similar poin ts  i n  h i s to ry .  The 
po ten t i a l  impacts of energy conservation were adequately t r ea t ed  by 
s e n s i t i v i t y  s tud ie s  based on l a rge ,  hypothesized va r i a t ions  i n  the  
energy demand. 
scarce  energy .resources, pa r t i cu la r ly  o i l  and na tu ra l  gas,  may ac tua l ly  
lead t o  increased use of e l e c t r i c a l  energy. 

It is a l s o  important t o  note t h a t  conservation of 

Comment (p. 1): 

"The cost-benefit  ana lys i s  of t he  LMFBR i n  the  EIS  is based upon 
a development cost on the order of $5 billion and an introduction 
da te  of 1987. The Wall Street Journal  (1-27-75) r epor t s  t h a t  the 
cur ren t  estimates are f o r  a development cos t  of $10 b i l l i o n  and 
an int roduct ion da te  i n  the  1990's. Reportedly, t he  GAO has 
s tudied the  t o t a l  cos t s  of t he  program. These r e s u l t s  should be 
updated i n  the  EIS." 

ERDA Response : 

The PFES examined the  c o s t s  and b e n e f i t s  of s eve ra l  W B R  in t roduct ion  
dates .  As shown on page 11.2-33, the t o t a l  breeder R & D c o s t s  f o r  a 
1987 introduct ion of the LMFBR is estimated t o  be $10.2 b i l l i o n .  However, 
$2.1 b i l l i o n  is a l loca ted  t o  o the r  breeders  and non-breeders so t he  a c t u a l  
LMFBR R & D .cost estimate is $8.1 b i l l i o n .  
u t i l i z e s  discounted cos t s  and benef i t s ,  therefore  the  t e x t  of t he  cost-  
bene f i t  ana lys i s  general ly  d iscusses  the  discounted LMFBR R & D cos t s  of 
about $5 b i l l i o n .  

Normal cost-benefi t  procedure 
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Coannent (p. 1): 

2. 
net energy be considered i n  energy research and development. 
The primary conceptual flaw i n  t he  document is the  neglect  of 
t h e  question of po ten t i a l  ne t  energy production by the  LMFBR 
r e l a t i v e  t o  a l t e r n a t i v e  power sys tem."  

T h e  ERDA l e g i s l a t i o n  includes a mandate from Congress tha t  

ERDA Response: 

A n e t  energy study is informative but f a i l s  to  account f o r  t he  economic 
pena l t i e s  associated with the  use of f i n i t e  energy resources.  However, 
t h e  PFES d id  examine the  energy requirements of a l t e r n a t i v e  f u e l  cycles 
and t h e  r e s u l t s  are shown i n  Table 9.1-2. 
Dr. D. Speer, NSF, t he  preliminary ca lcu la t ions  of D r .  Cheater Kylstra ,  
U n i v e r s i t y  of Florida, and D r .  P .  F. Chapman,  U n i t e d  K i n g d o m ,  w e r e  
reviewed. 
r a t i o  f o r  a LWR, but  has  not  y e t  computed a ratfe f o r  t he  I;MFBR. 
Dr.  Chapman reported a r a t i o  of 8 t o  19:l f o r  a PWR in t h e  December 1974 
i s s u e  of New S c i e n t i s t .  A recent  a r t i c l e  by C. T. Rombaugh and B. V. Koen 
i n  t h e  May 1975 i s sue  of Nuclear Technolog  shows t h a t  on iP t o t a l  system 
energy cos t  b a s i s  PWR p l an t s  are comparable t o  coa l  p l an t s .  
context of t h e  Rombaugh-Koen ar t ic le  an LMFBR with e s s e n t i a l l y  neg l ig ib l e  
f u e l  cycle  energy inputs  would requi re  about 2I of its t o t a l  p lan t  output 
f o r  construct ion energy input .  This compares t o  t h e  t o t a l ,  construct ion 
p lus  f u e l  cycle,  energy input  requirements of about 7Z f o r  LWR's and 
coal-f i red p lan ts .  
(as defined above) would have a r a t i o  of 50:l. Also, t h e  LMFBR by 
breeding plutonium reduces the  n e t  uranium o r e  and separa t ive  work 
requirements f o r  LWRs which increases  the  n e t  energy r a t i o  f o r  LWRs and 
thus v a s t l y  improves the  ne t  energy r a t i o  f o r  t he  t o t a l  power generation 
system. 

A t  t he  suggestion of 

Dr.  Kyls t ra  i nd ica t e s  t ha t  he  has  computed a 3:lL n e t  energy 

In  the  

In  the  par lance of t h e  n e t  energy r a t i o ,  the  LMFBR 

Comment (p. 2) :  

"The c r u c i a l  question on the  bene f i t  s i d e  is what hapipens t o  the  
economy i f  we postpone committing ourselves  t o  produc,ing a 
s i g n i f i c a n t  port ion of our  energy from the  LPIFBR?" 

ERDA Response: 

The bas i s  of t he  economic, cost-benefi t  ana lys i s  i n  Section 11.2 is  a 
simple comparison of t o t a l  na t iona l  power cos t s  with and without the  
LMFBR. Within t h i s  context postponement of t he  LPIFBR resul ts  i n  
i r r e t r i e v a b l e  losses of our uranium resources with commensurate economic 
penal t ies .  The p r i ce  e l a s t i c i t y  of energy demand does ind ica t e  decreas- 
ing  demand f o r  energy as p r i ces  rise. However, two mit igat ing e f f e c t s  

n 
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should be noted. F i r s t ,  t he  p r i ce  e l a s t i c i t y  during the  per iod of r i s i n g  
p r i ces  (post-1971) s h w s  decreasing s e n s i t i v i t y  r e l a t i v e  t o  the  per iod of 
f a l l i n g  pr ices .  Second, the  cos t  of electric energy generated by nuclear  
power p l an t s  w i l l  be much lover than o ther  systems. 
cost of e l e c t r i c i t y  i n  constant d o l l a r s  should ac tua l ly  f a l l  as shown i n  
Figure 11.2-17 i n  the  PFES. 

With the  LMFRR the 

Comment (p. 2) : 

"There are some unsupported statements i n  t h i s  r epor t ,  such as: 
'A conclusion of the  cost-benefi t  ana lys i s  is t h a t  about 
1.7 t r i l l i o n  d o l l a r s  (undiscounted) w i l l  be  ava i l ab le  through 
the  year  2020 t o  t he  c i t i z e n s  of t he  U. S. f o r  [goods and 
se rv ices ]  i f  the  LMFBR is developed f o r  electric energy 
generat ion instead of re ly ing  on o ther  generat ion systems.' 
(What generation systems'? 
p lan ts?  
of c a p i t a l  requirements?)" 

Is LNFBR super ior  t o  coa l  powered 
H o w  much ce r t a in ty  can w e  a t t ach  t o  these  estimates 

ERDA Response: 

The conclusion t h a t  1.7 t r i l l i o n  d o l l a r s  (undiscounted) wil l  be  ava i l ab le  
through the  year  2020 if the  IMFBR is developed is supported by the  
analyses  presented In  Sect ion 11.2 of t he  PFES. A similar study1 
conducted by General E l e c t r i c  and Commonwealth Edison reaches a s i m i l a r  
conclusion. 

Economic b e n e f i t s  calculated i n  the  PFES are based only on competit ion 
between nuclear a l t e r n a t i v e s  within a l imi ted  por t ion  (less than 60% of 
b s t a l l e d  capaci ty)  of the  e l e c t r i c  power p l an t  market. 
s t u d i e s  shaw t h a t  LMFBR bene f i t s  increase i f  foss i l -nuc lear  competit ion 
is allowed. 

S e n s i t i v i t y  

The r e l a t i v e  cos t s  f o r  c a p i t a l  and f u e l  cycle  expenses are based on 
sound engineering experience and estimates of f u t u r e  condi t ions.  

Comment (p. 3): 

"Page 3.5-6 needs t o  be amended t o  cover changes which have 
taken place i n  the  Pro jec t  Management Corporation s i n c e  the  
sub jec t  r epor t  w a s  prepared.'' 

"An Assessment of Economic Incent ives  f o r  t he  Liquid Metal Fas t  Breeder 
Reactor," T. R. S t au f fe r ,  H. L. Wyckoff, R. S. Palmer, presented to:  
Breeder Reactor Corporation, Chicago, I l l i n o i s ,  March 7,  1975. 
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ERDA Response: 

Recently approved changes t o  the  CRBR Project  Management arrangements 
are i n  t he  process of being implemented. 
assuming the  r e spons ib i l i t y  of managing the  t o t a l  p ro jec t  through the 
establishment of a s ing le  in tegra ted  management organizat ion comprised 
of both industry and government personnel under ERDA d i rec t ion .  These 
modifications recognize t h a t  t he  cont inuat ion of the  Federal Government's 
f i nanc ia l  commitment t o  the  CRBR Pro jec t ,  with a f ixed f inanc ia l  
commitment from t h e  e l e c t r i c  u t i l i t i e s ,  required alignment of d i r e c t  
management au thor i ty  w i t h  t he  mch larger f inanc ia l  r e spons ib i l i t i e s  
of t he  government, and in tegra t ion  and s t reamlining of t he  management 
mechanism f o r  executing the  Project  under s i n g l e  d i rec t ion .  PMC, while 
no longer responsible  f o r  t he  d i r e c t  management of t he  Pro jec t ,  w i l l  
adminis ter  the  u t i l i t i e s '  interests i n  the  Project .  An updated revis ion 
of t h e  CRBR Pro jec t  Management arrangements is presented i n  
Sect ion 111 A, 3.5.28. 

These changes include ERDA 

a m e n t  (p. 3): 

"Pages 3.5-8 through 3.5-11 covers s p e c i f i c  economic and 
doubling t i m e  considerat ions.  
o the r  count r ies  i n  the  LMFBR e f f o r t  ought t o  receive due 
a t t en t ion  i n  resolving t h e  U. S .  pos i t ion .  The mtter of 
r eac to r  s a fe ty  ought t o  be one of the  h ighes t  p r i o r i t i e s  
here .  I' 

The recent  advances made by 

ERDA Response: 

The advances made by o ther  countr ies  are described i n  Section 2.2.2 of 
the  PFES. 
sa fe ty  as  described i n  Section 4 .2 .7  of the  PFES and i n  Sect ion I11 B 
of the  Final  Environmental Statement. 

Considerable a t t en t ion  i s  of course being focused on reac tor  

Comment (p. 3 ) :  

"Section 3.6, LMFBR Supporting Studies ,  dea ls  i n  pa r t  with 
t h e  environmental considerat ions.  It appears t ha t  these 
considerat ions have lagged behind the  thorough e f f o r t  given 
t o  the  technica l  research,  development, and engineering of 
t h e  LMFBR i t s e l f . "  

ERDA Response: 

Environmental aspects  of nuclear power p lan ts  have and w i l l  continue t o  
receive a t t en t ion .  Much work done i n  the  pas t  on LVRs is d i r e c t l y  

n 
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a p p l i c a b l e  t o  LMFHRs. Envi ronmenta l  conce rns  s p e c i f i c  to  the LVBR are 
be ing  examined. A t  t h i s  t i m e  t h e r e  a p p e a r  t o  b e  s o l u t i o n s  t o  a l l  
problems,  however a t  t h i s  s t a g e  o f  t h e  LYFBR program s e v e r a l  i s s u e s  
(mainly i n  t h e  areas of  waste management, s a f e g u a r d s ,  r e a c t o r  s a f e t y  
and h e a l t h  e f f e c t s )  a re  n o t  y e t  s u f f i c i e n t l y  r e s o l v e d  t o  pe rmi t  a 
d e c i s i o n  t o  b e  made on t h e  widespread  commercial u s e  of LMFBRs. The 
r e s e a r c h ,  development and demons t r a t ion  program w i l l  c o n t i n u e  t o  
d e f i n i t i v e l y  r e s o l v e  t h e s e  i s s u e s  b e f o r e  a f i n a l  commitment t o  t h e  
commercial deploynent of LMFBRs is made. 

Comment (p. 3 ) :  

"On page 1.1-6,  s econd-pa rag raph ,  i t  i s  d i s t u r b i n g  t o  r e a d ,  
' I n  t h e  p a s t  f e v  y e a r s ,  e x p l o r a t o r y  d r i l l i n g  h a s  n o t  added 
g r e a t l y  t o  uranium r e s e r v e s ,  and no new producinp, a r e a s  i n  
t h e  U. S. have been  d i s c o v e r e d  i n  t h e  p a s t  17 y e a r s . '  
r a i s e s  t h e  q u e s t i o n :  Mow can  w e  have a n u c l e a r  power 
program w i t h o u t  i n f o r m a t i o n  on new s o u r c e s  of  uranium?" 

T h i s  

ERDA Response: 

Of c o u r s e  i n f o r m a t i o n  on  uranium r e s e r v e s  i s  e s s e n t i a l  t o  l o n z  r a n g e  
n u c l e a r  power program p lann ing .  S e c t i o n  11.2.3.7 of  t h e  PFES d e s c r i b e s  
t h e  s t a t u s  and f o r e c a s t  f o r  uranium s u p p l y .  
Eva lua t ion  p r o p a m  i s  des igned  t o  answer t h e  q u e s t i o n s  abou t  f u t u r e  
uranium sources .  However, r e c e n t  d a t a  i n d i c a t e s  t h e  c u r r e n t  u ran iu -  
r e s o u r c e  e s t i m a t e s  may b e  t o o  o p t i m i s t i c .  I t  i s  t h i s  u n c e r t a i n t v  i n  t h e  
e x t e n t  of ou r  uranium r e s o u r c e s  t h a t  is one  of t h e  most compe l l in?  
arguments f o r  deve lop ing  t h e  b r e e d e r .  The b r e e d e r  w i l l  i n c r e a s e  t h e  
u t i l i z a t i o n  of  o u r  uranium r e s o u r c e s  more than  s i x t y  t i m e s  t h a t  p o s s i b l e  
w j t h  LIJRs and can u t i l i z e  existing s t o c k p i l e s  of p a r t i a l l y  d e p l e t e d  
uranium so  t h a t  t h e  need f o r  a d d i t i o n a l  uranium mining w i l l  n o t  be  
needed f o r  c e n t u r i e s .  F u r t h e r  i n f o r m a t i o n  on u r a n i u n  r e s o u r c e s  is 
provided  i n  S e c t i o n  I11 E of  t h e  F i n a l  Env i ro rmen ta l  S t a t emen t .  

The N a t i o n a l  Uranlum Tesource  

Comment (p. 3) : 

"On pages 1 . 3 - 3  and 1.3-4, r e f e r e n c e  is made t o  t h e  t echno loev  
t o  be used on  r a d i o a c t i v e  wastes from t h e  L'!FBR f u e l  c y c l e  and 
t o  new technology under  development.  One may conclude  t h a t  t h e  
waste managenent f o r  b o t h  LVk's  and t h e  LMFBR needs  t o  b e  
advanced and implemented b e f o r e  f u r t h e r  commitment of funds  
on  t h e  LMFBR." 

I 
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ERDA Rksponse: 

It I s  agreed that additional research, development and demonstration 
of waste management technology is required before a decision to proceed 
with widespread commercial deployment of LMFBRs is made. 
agree that this work needs to be advanced and implemented before further 
commitment of funds on the LMFBR can be made. We see no problems in 
developing radioactive waste management technology for the LMFBR while 
continuing to pursue the LMFBR Program, provided this technology is 
available when the LMFBR is ready for commercial use. 
4.2 and 4.6 of Volume I1 of the Proposed Final Environmental Statement 
on the LMFBR Program for additional information regarding present radio- 
active waste technology and Section 7.3 of Volume IV of the PFES for 
information on future radioactive waste technology. 
information on the waste management program can be found in Section 
I11 D of the Final Environmental Statement.) 

We cannot 

(See Sections 

Additional 

Comment (pp. 3-4): 

"At the top of page 1.4-3 reference is made to this statement. 
'Proper design and operation of blowdown discharge systems 
easily provide for the dilution of discharged chemicals to 
acceptable concentrations in the environment.' 
a satisfactory means of disposal in 1975. 
would provide for removal of undesirable constituents." 

This is' not 
Adequate treatment 

ERDA Response : 

We agree that dilution is not always a satisfactory solution to blowdown 
treatment. Undesirable constituents could be removed by ion exchange, 
filtration, or even recovery, as discussed on page 4.3-51 of the LMFBR 
Program Proposed Final Environmental Statement." 

Comment (p. 4): 

"Section 1.4-2.1, page 1.4-3, deals with an estimate of 
added annual population radiation dose due to specific 
operatiqns. It raises the question: Who has the right 
to do this?" 

ERDA Response : 

We are required by NEPA to make such estimates. 
to permit construction of any particular facility with the attendant 

Of course the decision 
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advantages and disadvantages depends upon the  reviewing agency's approval 
at ea& ind iv idua l  environmental statement.  

Carmwnt (p. 4): 

"The matter of t ranspor ta t ion  of rad ioac t ive  materials is 
considered on pages 1.4-4, 1.4-5, 1 .4 -7 ,  and 11.4-8. 
considerat ion should be given t o  cen t r a l i z ing  f a c i l i t i e s  t o  
reduce the r i s k s  of t ransportat ion."  

More 

ERDA Response: 

A discussion of nuclear  energy centers  is provided on page 4.5-76 of 
t he  LMFBR Program Proposed Final  Environmental Statement. 

Comment (p.4) : 

"In the  last paragraph, on page 1.5-1 t h e r e  is an ind ica t ion  
t h a t  I... nuclear  p l an t s  are usua l ly  b u i l t  i n  r u r a l  loca t ions . '  
Some other  warding, such as low population a reas ,  may be more 
appropriate  here because these r u r a l  areas i n  many present  
cases are located also near  urban centers." 

ERDA Response: 

This is cor rec t ,  as shown i n  Sect ion 4.2.2.2.7 (pages 4.2-7 t o  4.2-10) 
of t he  PFES. 

Comments (p. 4): 

"On page 1.6-9, four th  paragraph, an a l t e r n a t i v e  f o r  retrievable 
sur face  s torage  of high-level wastes has  been considered. 
many persons r e t r i e v a b i l i t y  is very important. One may ques t ion  
the  cos t  f ac to r s  too. 
rad io logica l  s a fe ty  .'I 

"In general  on the  matter of handling rad ioac t ive  wastes,  many 
aspec ts  need t o  be brought up t o  the  same high degree of 
technology being used on the  W B R  i t s e l f . "  

For 

The cos t  ought t o  be secondary t o  

ERDA Response: 

Us agree. See the  discussions i n  Sect ions 4.6 and 7.3.5 of t he  Pas. 
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ENVIRONMENTAL P o w  CENTER 
394 C Street, S.E., Washington, D. C. 20003 

( 9 0 9 )  547-6500 

Apri l  9, 1975 

Mr. W. H. Pennington 
Division o f  Biomedical and 

Environmental Research 
Energy and Research Development 

Admini s t r a t i o n  
E201 
Washington, D. C. 20545 

Dear M r .  Pennington: 

In  reviewing the  Proposed Fina l  Environmental Statement on the  
Liquid Metal Fast Breeder Reactor, we have f o c m e d  OUT a t t en t ion  
on : 

1) 9 review of the  electrical energy forecast  assumptions; 

and 

2) A review of t he  electrical energy data base and the 
po ten t i a l  subs t i t u t ion  of solar-thermal energy for 
e l ec t r iwene rgy  i n  r e s iden t i a l  space heat ing,  a i r  con- 
d i t ion ing  and water heating; 

and ue are herewith enclosing dupl icate  copies of this R e v i e w  as our 
comments on the  Proposed Fina l  Environmental Statement. 

Sincerely, 

Marc Messing, i r e c t o r  
Energy Facil '  P y S i t i n g  Analysis 

MM: j e h  

Encl. : Review of the Proposed Final  Environmental Statement on the  
Liquid Metal Fast Breeder Reactor Pmrrrm ( i n  Wo parts) .  
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ENVIRONMENTAL POLICY CENTER 
324 C Street, S.E., Washington, D.C. 90003 

(POP) 547-6500 

A p r i l  10, 1975 

Mr. W. H. Pennington 
Division of Biomedical and 

Environmental Research 
Energy and Research Development 

Administration 
E201 
Washington, D. C. 20545 

D e a r  M r .  Pennington : 

Enclosed please f ind  dupl icate  copies of an Er ra t a  Sheet for our  
submission of comment on t h e  Proposed Final  Environmental Statement on the  
Liquid Metal Fast  Breeder Reactor Program dated Apri l  9 ,  1975. 
a l l y ,  we have enclosed dupl ica te  copies of the corrected paper.' 

Addition- 

\ 

Sincerely,  - 

Energy F a c i l i t y  
S i t i n g  Analysis I 

MM: jeh 

Encl.: Errata Sheet and corrected Review of the  Proposed Final  'Environmental 
Statement on the  Liquid Metal Fast  Breeder Reactor Program ( i n  two 
parts) - 

n 



V.65-3 

Review of Proposed Final  Environmental Statement on the  Liquid Metal Fas t  Breeder 

ERRATA SHEET 

Pert 1/9 TABLE 1 should read: TABLE 5 

1/12 TABLE 6 should read (TKWh); not (QBTU) 

the l a s t  sentance should read: However, these  e lectr ic  energy pro- 
j ec t ions  a r e  deduced from t o t a l  energy demands on the  b a s i s  of h i s -  
t o r i c a l  economic t r ends ,  r a the r  on any assessment of pro jec ted  market 
needs, and bear no d i r e c t  r e l a t i o n  t o  p ro jec t ions  of 

-.- 

1/15 fbotnote 17,  the  year 1972 should read: 1973 

1/20 Figure 11.2-23 should read: Figure 3 

1/22 no casual  r e l a t i o n  should read: no causal  r e l a t i o n  

Bart 2/4 footnote - 4/should read: - 2/ 

2/9 there  should be an a s t e r i s k  following the  year 2000 on the  Table, reading: 
ADL pro jec ted  r a t e  of growth is  f o r  t he  year 1990 and is  not  ca r r i ed  

out  t o  the  year  2000 

2/14 t he  word odes should read; does 

2/16 the  source for Table 19 is: M. Messing/EPC 

2/17 the Source for Table 21 is: M. Messing/EPC 

2/20 footnote  47 should read: V o l .  3, p. 6s-5, emphasis added 

2/21 the f i n a l  passage of the  t e x t  should read: "... with projec ted  l e v e l s  
of nuclear  energy production i n  the same year. 
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REVIEW OF THE PROPOSED FINAL ENVIRONMENTAL STATEMENT 

ON THE LIQUID METAL FAST BREEDER REACTOR PROGRAM 

* U . S .  ATOMIC ENERGY COMMISSION / WASH 1535 DECEMBER 1974 

PART 1: 

A REVIEW OF THE ELECTRICAL ENERGY FORECAST ASSUMPTIONS 

PART 11: 

A REVIEW OF THE ELECTRICAL ENERGY DATA BASE AND THE 

POTENTIAL SUBSTITUTION OF SOLAR THERMAL ENERGY FOR 

ELECTRIC ENERGY I N  RESIDENTIAL SPACE HEATING, A I R  

CONDITIONING AND WATER HEATING 

MARC MESSING 

A p r i l  10, 1975 

n 
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Part l/i 

Review of the Proposed Final Environmental Statement 

an the Liquid Metal Fast Breeder Reactor Program 

U.S. Atomic Energy Commission / Wash 1535 December 1974 

PAlF 1: A RJ3VIEW OF THE ELECTRICAL ENERGY MRFLAST ASSUMPTIONS 

Summary and Conclusions 

Total Energy Forecasts 

Electrical Energy Forecasts 

Nuclear Energy Forecasts 

Appendh (Tables) 

References 
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PART 1/1 

S U W R ) !  ?AD CONCLUSIONS -- 

The Proposed Final Environmental Statement on the Liquid 

Metal Fast Breeder Reactor (Wash 15351, concludes, i n  pa r t ,  t ha t  

"The e l ec t r i ca l  energy needs of the Nation 

are so large and are  l i ke ly  t o  grow t o  such 

an extent, t ha t  existing methods of energy 

production w i l l  be insufficient t o  meet the 

requirements. Additional e l ec t r i ca l  energy 

technology options w i l l  need t o  be developed 

if the Nation is to  be assured a secure energy 

supply, 

a d ,  (consequently), t h a t  

" ... the advantages of developing the LMFBR* 

as an alternative energy option for  the 

Nation's use far outweigh the attendant dis- 

The conclusions concerning levels of total energy consumption, 

e l ec t r i ca l  energy production, and nuclear energy production are  derived 

from an econometric model which correlates h i s to r i ca l  relationships 

between GNP and energy use, and projects the trends t o  the year 2000. 

* Liquid Metal Fast Breeder Reactor 

1 VOl.  1, p. 1.10-1 
2 VOl. 1, pa 1.10-2 

n 

n 
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This approach leads t o  two fundamental errors  i n  the con- 

clusions: 1) Projections of t o t a l  energy consumption are  based on 

economic trends from 1947 t o  1972 which are incompatible with changes 

in economic conditions during the past  two years,  and 2) e l ec t r i ca l  

energy projections and nuclear energy projections are  derived from 

the same model as the t o t a l  energy projections, and therefore in- 

corporate the same economic fal lacies .  

The result is an economic tautology which projects energy 

growth rates on the  basis  of h i s to r i c  economic trends, and j u s t i f i e s  

those growth rates on the basis of a presumed continuity of underlying 

economic factors. 

source pricing a d  of avai labi l i ty  of materials, as w e l l  as dramatic 

changes i n  the projected ava i l ab i l i t y  of capi ta l  and associated r i s e s  

in capital interest rates, these assumptions no longer appear valid. 

Furthennore, i n  the absence of independent market analysis of projected 

energy demands by end-use consumption sectors,  projected rates  of 

electric energy growth appear highly inflated.  

On the basis of recent changes i n  t radi t ional  re- 

TOTAL ENERGY FORECASTING 

Wash 1535 considers several projections of t o t a l  energy CM- 

sumption and inputs t o  e l ec t r i ca l  energy generation through the years 

2000 and 2020.* Assuming a base l i ne  figure of 69 QBTU t o t a l  energy 

For the purpose of t h i s  analysis, a l l  base l i ne  data i s  based on 1971 
figures unless otherwise noted, and a l l  projections have been made t o  
the year 2000. Tables reproduced i n  the t ex t  show only these years. 
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consumption i n  1971, and a t o t a l  e l ec t r i ca l  energy production** of 6 

QBTJ i n  the same year; Wash 1535 projects 

of 192 QBTU t o  203 QBTU i n  the year 2000, and e l ec t r i ca l  energy gro- 

duction of approximately 38 QBTU. 

Ca t o t a l  energy consumption 

I n  projecting energy growth rates  through the year 2000 the AEC 

u t i l i z e s  tw basic parameters: 1) variations i n  population growth, 

and 2) variations i n  per capita energy consumption as a function of 

per capita GNP. Projections of e l ec t r i c  energy consumption, and of 

nuclear power produdion are derived i n  the same manner from extrapola- 

t ions i n  the his tor ical  model. 

Although a range of per capita energy consumption r a t e s  are 

projected i n  terms of the potential  energy conservation (and based upon 

a fixed population of 271 million i n  the year 2000) Table 6c.6-4, the 

energy requirements projected on the basis of the econometric model 

assme a fixed population (271 million) and derive a fixed per capita 

anergy consumption level, as indicated i n  Tables 11.2-7, and 2.1-13.ff 

Table 6c.6-4 indicates a projected range of t o t a l  energy consumption 

from 135 QBTU to 200 QBTU, and a range of i n s t a l l ed  generating capacity 

from 5.81 kW/capita to  9.22 kW/capita. 

* Projections i n  Wash 1535 generally refer  t o  e l e c t r i c  energy consumption - referring t o  the energy input t o  e l ec t r i c  u t i l i t i e s .  The production 
figure used here refers  t o  e l ec t r i c  energy output ( i n  kWh), and is con- 
verted t o  BTU's a t  the r a t e  o f  3.412 BTU/kWh. 

** Note the projected population level of 279.7 million i n  Table 2.1-13. 

~ . . _  - .  . . . . .. 
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TABLE 

FORECASTS OF ENERGY CONSUHPTION IN -RATING CAPACITY 

I N  THE UNITED STATES I N  THE YEAR 2000 

Energy Consumed 
WBTU per capita 

Total Energy Coasrpaption 
QBTU 

Fraction of Energy 
Used €or Elec-ic 
Generation 

Total Electr ic  
Generating Ca@acity 
per capita,  kW 

Total Electr ic  
Generating Capacity 
Thousands of MW 

Case A B C D 

499 71 9 7 3.7 642 

135 195 200 174 

0.51 0.50 0.54 0.50 

S.81 8.19 9.22 7.45 

1575 2200 2500 2020 

Vol. 3, p. 6c.6-17 

flowever, the data on which the echometric projections are  b a e d  

assume a population level  of 271 million, and project a t o t a l  energy 

consumption level of 195 QBTU on the basis of h i s to r i c  trends i n  the 

r e l a t ion  bewtween per capita 3 and BTU expenditures. 

Vol. 4., p. 11.2-53 

!/ Source, Wash 1535, Table 6C.6-4. 
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WiTIONAL ECONOMIC ENERGY FORECAST - Erclerpts from Table 11.2-7 

Population (millions) 

GNP (b i l l ions)  

Total Energy Demand (Btu x lo1') 

i g n  

205 

724 

67 

2Oao 

271 

2300 

195 

Expl ic i t ly ,  Wash 1535 states that 

"Projections of total energy conslrmption 

... (were) made on the basis of their 

historical relationship to t h e  zeal Gross 

lational Product (GNP . . .I4 

'The total energy project ion was obtained 

by assuming t h a t  total energy demand w i l l  

continue to grow i n  M a t i o n  to c;Np much 

tbe same way it has i n  the past twenty-five 

years. This a s s u q t i o n  implies t h a t  the 

economy w i l l  become more e f f i c i e n t  i n  the 

uti l ization of energy, continuing the long 

term trend. " 

' V o l .  4,  p. 11.2-53 

I/ Source, Wash 1535, Table 11.2-7 

.> .. 
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The projection of t h i s  trend is  represented i n  Table 11.2-7 (on 

the previous page). However, the assumption t h a t  the relat ion between 

energy and GNP is constant and w i l l  continue i n  "much the same way.it 

has i n  the past  twenty-five years," is.open t o  serious challenge. 

In fact ,  1971 data indicates t h a t  the relat ion between energy 

and GNP followed a steady trend from 1947 through 1966, but then reversed 

sharply for the  give year period through 1971 (see Figure 1). 

Bn additional a s suq t ion  which is made i n  the projection of 

to ta l  energy growth rates is  t h a t  greater energy eff ic iencies  w i l l  be 

achieved. 

the AEC s t a t e s  ( in  regard t o  the assrmred relation between energy and 

QJF9 t ha t  

I n  its explanation of the cost-benefit analysis (Section 11) , 

"fie assumpGion implies that  the economy w i l l  

become more eff ic ient  in the utilization of 

energy, continuing the long t e r n  trend. Tech- 

nological changes and s h i f t s  t o  more e f f i c i en t  

ptoducticm processes and energy u t i l i z ing  devices 

are an explanation of t h i s  phenomenon."' 

It is unclear from the evidence presented t h a t  the dominant trend 

in the long-term ut i l izat ion of energy represents increasing efficiencies.  

' Vol.  4,  p. 11.2-53 



TXE ENERCY/CNP RATIO 
1 9 4 7 - 1 9 7 0  

Thousand Btu 
13 $ 

11: 

105 

L O O  

9 5  

90 

85 

80 

I- 
\ 
.J 

%-=- A c t u a l  

1 I I I I 1 I I  I I I I  I 1 I I I I I I 
i 7  4 3  4 9  5 9  5'1 5 2  5 3  5 4  5 5  5 6  5 7  5 8  5 9  60 6'1 6 2  63 6 4  6 5  6 6  6 7  6 8  I 6 9  I 1 9 7 0  f 
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A l s o  C a r l  Cook, " T h e  F l o w  of  E n e r g y  i n  a n  I n d u s t r i a l  
1 9 7 1 ,  p . 1 4 0 .  
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To a C e r t a i n  extent ,  t he  range of conservation a l t e rna t ives  presented 

i n  S e c t b n  6 represent the ine f f i c i enc ie s  which have been incorporated 

h our dominant modes o f  t ranspor ta t ion ,  housing, and indus t r i a l  pro- 

cesses. H i r s t  and Moyers (1973) conclude t h a t  "greater  e f f ic iency  

$8 feas ib le  (for) t ranspor ta t ion ,  space heat ing,  and a i r  conditioning. n6 

The AEC i t s e l f  presents  t he  range o f  conservation p o s s i b i l i t i e s  forseen 

in Table 6C.7-1: 

TABLE 

APPROXIMATE COMPARISON OF ENERGY SAVINGS RESULTING FROM 
IMPLEMENTATION OF PROPOSED CONSERVATION MEASURES 

Off ice  of Emergency Preparedness 

Ford Foundation - Energy Policy Pro jec t  

23-25% by 1990 

369 by 2000 ( technica l  f i x  
scenario)  

Council on Environmental Quality 

Environmental Protect ion Agency 

35% by 2000 

30% by 1990 

Federal  Energy Administration 

Nation's Energy Future 

30% by 200W 

at least 20% by 2000 

AEC, Office of Planning and Analysis 10-30% by 2000 

JI Based on extrapolat ion of annual 2% growth r a t e .  

F ina l ly ,  it should be noted t h a t  as the  percentage of electric 

energy Within the  t o t a l  nat ional  energy budget increases ,  t he  ne t  energy 

"Efficiency of Energy Use i n  the United S ta t e s ,  SCIENa, 30 March 1973. 

Source, Wash 1535, Table 6C.7-1. 
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efficiency decreasea. TMs can be seen clear ly  by reorganizing the 

data presemted i n  Tabla 2.1-12. 

1/ 
TABLE 4 

GROSS ENERGY INPVTS TO ELECTRICITY 

( A c t u a l )  1971 - 2000 

Total Gmss Energy 
Resources Inputs 
Tri l l ion BTU 

Total Generation 
(Billions of Kilowatts) 

Tri l l ion BTU (Thermal 
Value of Resource Inputs) 

Percent of Gross Energy 
Inputs to Electricity) 

69 8969 202,637 

1,720 11,143 

17,048 100,287 

25 49 

M. Messing/EPC 

By converting the t o t a l  generation of e l e c t r i c i t y  froQ kilowatts 

t~ BTU's (at  the rate of 3,412 BTU/Kilowatt), the t o t a l  thermal value 

Of the  e l ec t r i c i ty  produced can be compared With the t o t a l  thermal value 

of  resource inputs to e l ec t r i c i ty .  By comaring the difference between 

t h e d  value inputs t o  e l e c t r i c i t y  and the thermal value outputs, 

t9rs efficiency of the total energy budget can be approximated by calcu- 

W i n g  the percentage oE energy resources l o s t  i n  the generation of 

M r i c i t y .  This can be seen i n  TABLE 5: 

YSwrce ,  Wash 1535, Table 2.1-12 
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TABLE 5 

P-CTION OF TOTAL ENERGY LOST THROUGH GEhTRATIOX OF ELECTF3CITY 
F’ROM 1971 THROUGH 2900 (QBTU) 

1971 - 2000 - 
Total Gross Energy 
Resource Input 

Total Generation of 
Electr ic i ty  (TBTU) 

Total Thermal Value of 
Electr ic i ty  Generated (QBTU) 

68.969 202.637 

1,720 11.143 

5 869 38.016 

Total Thermal Value of Resource 
Input t o  Electr ic i ty  (QBTU) 17.048 100.287 

Thermal Energy Lost i n  the 
Generation of Electr ic i ty  (QBTU) 11.179 62.275 

Percentages of Total Thermal 
Resources Lost i n  the Generation 
of Electr ic i ty  16.2 30.7 

H. Messhg/EPC 

Electr ical  EJlergy Porecastin2 

Similar problems a r i se  in  methods of forecasting electri- 

cal energy production levels.  These forecasts are derived from two 

aeeumptions based on the econometric forecasts of total energy consumption: 

1) “that  e l ec t r i ca l  energy input requirements ... (will)  

continue to  grow i n  relation t o  GNP i n  much the same 

way t ha t  it has i n  the past,”’) 

’ Vol. 4. p. 11.2-55 

I 
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and 

2) "that e l ec t r i c i ty  would continue t o  substitute! for 

other forms of energy i n  areas of current energy use 

and t ha t  new cases would be found fo r  it i n  the 

future . . ,118 

Additionally, these forecasts also assume that :  

1) "electr ic  u t i l i t i e s  ( w i l l )  continue t o  add more 

e f f i c i en t  generation units and, therefore , t h a t  the 

average energy inputs needed t o  produce a kilowatt 

hour ( w i l l )  gradually decline f o r  the t o t a l  U.S. 

system. I' 

and 

2 )  "dramatic increases i n  conversion efficiency have 

been achieved by the e l e c t r i c  pow=r industry since 

its inception. 

today achieve a thermal efficiency o f  about 40% -- 
a major improvement over the 5 to 10% of the e a r l i e s t  

The more e f f i c i en t  e l e c t r i c  plants 

plants ... 4 

Pol. 4 ,  p. 11.2-55 
9 VOl. 1, p. 1-11 
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The inherent problems outlined i n  relation t o  t h e  projection 

of t o t a l  energy levels ,  am compounded i n  the compatation of projected 

e l ec t r i c  energy levels. 

I n  reviewing the range o f  projections which have been made for 

e lectr ical  generating capacity i n  the year 2000, the AEC c i t e s  an up- 

dated estimate of 6.1 t o  12.3 t r i l l i o n  kWh by the Federal Power Commission, 

and lists a number of other estimates, which are  summarized below: 

TABLE 6 

CCOMPARISON OF ESTIMATED POTENTIAL OF ENERGY CONSERVATION THROUGH 
THE YEAR 2000 (TKWH) 

LOW LIKELY HIGH 

AEC 

CQchran/Searly 

Chapman e t  a1 

FPC 

In t e r io r  

Others 

10.6 11.7 

6.5 

4.6 

11.1 12.3 

9.0 

4.5 10.8 

M. Messing/EFC 

As indicated i n  t h i s  table ,  the AEC's base case assumption for  the 

purpose of the cost benefit was 10.6 TkWh (36.17 QBTU). 

However, these e l e c t r i c  energy projections are  deduced from t o t a l  

energy demands on the basis of his tor ical  economic trends, rather than on any 

assessment of projected market needs, and bear no direct  relation t o  projections of 

7.1 

5.5 

1.9 

6.1 
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market demand based on sector analysis. 

There is no corroboration of either the assumption 

or the conclusion. The absence of asroborat ing analysis is parti- 

cularly important i n  re la t ion t o  the evaluation of alternative tech- 

nological options. 

are considered are those which are foreseen a s  options for "generating 

and conserving e l ec t r i ca l  energy"": DO al ternat ives  are examined 

which conflict  w i t h  the AEC "belief that  e l e c t r i c i t y  ( w i l l )  continue 

The only alternative technological options which 

to substi tute for other foms of energy i n  areas of current energy 

use and tha t  new cases (will)  be found fo r  it i n  the future ..."" 
Wash 1535 s t a t e s  that  

'Solar energy systems fo r  residential  and 

conanercial buildings that combine water heating, 

space heating, and air conditioning are con- 

sidered t o  have the m a t  promise because solar  

collectors and energy storage uni ts ,  the major 

cost centers, are common t o  a l l  three functions 

"12 ... 
krt it considers only the possibl i i ty  of solar-to-electric conversion i n  

the cost-benefit analysis. 

lo Vol. 3, p. 6p-1 
l1 Vol. 4 ,  p. 1L.2-58 
l2 VOl.  4 ,  p. 6A.5-4 
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I n  f ac t ,  the AEC s t a t e s  i n  Wash 1535 tha t  

"Solar energy applications i n  t h i s  century are 

l ikely t o  be r e s t r i c t ed  t o  individual residential  

uses, since central-station power generation has 

numerous technological and economic hurdJ 5 t o  

overcome ... "13 

but it f a i l s  t o  consider the use of solar-thermal space heating as  an 

al ternat ive t o  increased uses of e l e c t r i c i t y  for space heating, and 

dismisses solar energy from consideration i n  the cost-benefit analysis 

because of the problems and costs involved i n  solar-electric conversion. 

In its belief t ha t  e l ec t r i c  energy w i l l  continue t o  subst i tute  for  other 

forins, it f a i l s  t o  consider the possibi l i ty  of substi tuting other forms 

of energy (such as  solar  thermal heating for res ident ia l  buildings), as 

a viable alternative.  

cating current uses of e l e c t r i c i t y  for  space heating, and projected 

demands for residential  space heating, it is impossible t o  evaluate t h i s  

a l ternat ive,  despite the apparent technological feasibi l i ty .  

14 

In the absence of sectoral  market analysds indi- 

The assmption that  society w i l l  continue t o  increase the efficiency 

Of its energy u t i l i za t ion ,  and the implication t h a t  the e l e c t r i c  power 

hdustry  w i l l  continue to  achieve greater efficiency i n  the generation of 

l3 Vol. 4 ,  p. 11.2-62 
l4 Vol. 4 ,  p. 11.1-18, 19 
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e l e c t r i c i t y ,  have a l so  been ser ious ly  challenged. 

Hirst and Moyers (1973)15 ind ica te  t h a t  the ove ra l l  e f f ic iency  

of delivered e l e c t r i c i t y ,  allowing f o r  losses  i n  generation, tr4nsmission, 

and d i s t r ibu t ion ,  may be about 30% ( ra the r  than the  40% figure.which 

t h e  AEC mentions)*16r and Mum (1972)17 has questioned the  net  energy 

e f f i c i enc ie s  of many cur ren t  and proposed converison systems. .As systems 

become more dependent upon high-technology (energy intensive)  methogs, 

Oaum argues, both the  net energy ef f ic iency  tends t o  diminish, and the 

BTU recovered per  d o l l a r  invested,  tends t o  diminish as w e l l .  Questions 

of n e t  energy e f f i c i enc ie s  have tended t o  focus espec ia l ly  on the  nuclear 

power cycle a s  the  AEC recognizes, and several  ca lcu la t ions  have sug- 

gested t h a t  the ne t  energy benef i t s  of nuclear  power production w i l l  

u l t imately depend upon load fac tors  and the  durat ion of p lan t  operations.  18 

Fina l ly ,  it should be noted t h a t  the increased e f f i c i enc ie s  i n  

e l e c t r i c  power generation which the u t i l i t y  industry has achieved over 

the years ,  have come i n  f o s s i l  fueled gnnerating p l an t s ,  (37.5%-39%), 19 

and through increasing load fac tors .  

hcwever, a r e  i n t r i n s i c a l l y  less e f f i c i e n t  than the  most e f f i c i e n t  f o s s i l  

Conventional nuclear reac tors ,  

Although Wash 1535 considers the po ten t i a l  f o r  increased ef f ic iency  of 
transmission through increased voltage capacity ( T a b l e  6C.5-2') it com- 
putes  these savings on the basis of a continued e l e c t r i c a l  energy growth 
r a t e  of 7% per annum through the year 1980; addi t iona l ly  it should be 
noted t h a t  ser ious soc ia l  objections have been ra i sed  t o  the  i n s t a l l a t i o n  
of extra-high-voltage transmission l i n e s  considered. 

l5 "Efficiency of Energy Use i n  the United States': SCIENCE, 30 March 1973. 

l7 "Energy, Ecology, and Economics", D r .  Howard Odum, 1973. 

l9 V o l .  3, p. 681-1 

l6 VOl.  1, p. 1-11 

Clark,  Messing, Comments on Draft  EIS LMFBR, May, 1974. 
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fueled plants.20 

of t h e  e l e c t r i c  generating sec to r  to increase from approximately 2% 

in 197121 

proportionate decrease i n  the  overa l l  generating e f f ic iency  of  t he  

electric utility industry.  

Insofar  a s  the  AEC pro jec ts  the  nuclear component 

to  600 i n  t he  year 2000221 allowance should be made f o r  a 

Nuclear Energy Forecasts 

Forecasts of nuclear energy production l eve l s  a r e  based on the  

88- assumption of t o t a l  energy forecas ts  and e l e c t r i c a l  energy forecas ts  , 

and u t i l i z e  approximately the  same methods. The forecas ts  of most l i k e l y ,  

high,  and low cases is reproduced below: 

‘TABLE 71/ 

FORECAST OF NUCLEAR ELECTRICAL CAPACITY IN MEGAWATTS 

Year 
1980 1985 1990 2000 

Most Likely 131,600 280,000 508,000 1,2OO,OOO 

High 144,000 332,000 602,000 1,5OU,OOO 

L O W  127,000 256,000 412,000 825,000 

“This forecast  i s  based on an extrapolat ion ot 

h i s t o r i c  t rends i n  energy consumption and generating 

20 Vol. 3, p. 6C.4-4 
21 Vol. 1, T a b l e  2.1-12 
22 Vol. 2.1-12 

Wash 1535, Table 2.1-14 
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capacity additions. The forecast is b u i l t  

up of from two components. The f i r s t  i s  the 

nuclear plants which are  i n  operation, are under 

construction, or have been ordered. These plants 

are considered t o  be the t o t a l  additions t o  nu- 

clear generating capacity un t i l  about 1979. 

Same of these "known" plants contribute to the 

growth i n  the forecast un t i l  1982. The other 

component is an extrapolation o f  the trend i n  these 

additions t o  the end of the century. It  should 

be noted tha t  the 1980 projection is proving t o  

be optimistic and tha t  the January 1974 u t i l i t y  

projection for  1980 is approximately 122,000 MWe." 

[emphasis added) . 23 

The discrepancy which is noted between the law case (127,000MWe) 

forecast and more recent u t i l i t y  revisions of these est lmates~~~~22,Ooo 

W e )  underscores the shortcomings of the economic forecasting mthod 

which is employed i n  the Wash 1535 analysis. It  is curious t o  note, 

however, t ha t  Census Bureau Series D data was used f o r  the projection 

of nuclear energy production base case. 23 

projection of the Bureau of the Census was used" as the hasis for  the 

"The g-series population 
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GNP Presumably t h i s  would have the e f f ec t  of increasing 

the proportion of nuclear energy calculated within the t o t a l  budget i n  

a comparison of the nuclear energy forecasts. With a t o t a l  i n s t a l l ed  

capacity of about 29 million and with approximately another 174 million 

kW on order a s  of June 1974,25 mre than approximately 40 million kW 

o f  planned capacity had been cancelled or postponed by August,26 and 

an additional 40 million kW had been postponed o r  cancelled by September. 27 

By January of 1975, 69% of planned nuclear capacity had been can- 

celled,  postponed, o r  otherwise rescheduled. 

only 59 were unaffected by planned changes, and only 50% of those plants 

rescheduled were delayed €or financial  reasons. 28 

w i t h  190 planned f a c i l i t i e s ,  18% of the t o t a l  planned nuclear capacity 

w a s  rescheduled only €or reasons of adjusted load growth, and 33% war 

recheduled for reasons unrelated t o  financial  d i f f i cu l t i e s .  

O f  190 planned uni ts ,  

In  other words, 

If one were t o  e d n e  the trends i n  nuclear power development 

cnmr the ent i re  range of the ten year period since the first large wave 

Of commercial nuclear power plant orders were placed i n  1965, it would 

appear that  the commitment t o  nuclear power production has peaked (during 

the period of low-cost fo s s i l  fue l s ) ,  and there is no direct  evidence t o  

indicate tha t  i n t e re s t  is l ike ly  t o  revive. 

24 V o l .  4 ,  p. 11.2-53 
25 V O l .  1, p. 2.1-20 
26 NERA Survey, Herman Roseman, August 1974. 
27 ELECTRICAL WORLD, September 15, 1974. 
28 Analysis of Nuclear Power Plant Delays Announced i n  1974, Richard H. 

Williamson, Federal Energy Administration, February, 1975. 
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FIGUFU3 2 

PLANNED NUCLEAR GENERATING CAPACITY (NORMALIZED TO 1000 MW, NUMBER OF 
UNITS ON ORDER) 

Zl 
N I 

SOURCE: VOl. 1, 2.1-181 
Williamson, Op. cit. 
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I- 
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KEY: U n i t s  on Order 
U-U- Cancelled or Post -  

poned Capacity 
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Figure 1 i l l u s t r a t e s  the discrepancy between the projection on which 

just i f icat ion of the LMFBR program is based, as  represented i n  Figure 3,* 

and the trends which have emerged subsequent t o  the o i l  embargo of October 

1973. 

energy projections are based, and it draws attention t o  the projected l e d 8  

of nuclear power production €or the year 2000. 

It suggests the f r a g i l i t y  of the econometric model on which the WC 

FIGURE 3 

YEAR 
S O ~ C B ,  WASH 1535, Figure  11.2-23. 
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As indicated i n  Table 2.1-13, not only is the level  of gross energy 

consumption expected t o  rise three-fold ( f r o m  69 QBTU t o  202 QBTCJ), 

but both to t a l  energy consumption and the instal led generating capa- 

city per capita are expected t o  increase &fold (4.12 and 3.78, res- 

pec t ive ly) .  

TABLE 8 

~ I T E D  STATES ELECTRIC UTILITY POWER STATISTICS~ 
(on a population, capacity, and consumption basis) 

1971 1975 1980 1985 2000 

Generating Capacity 
(Hillions of kW) 367.5 480 660 91 5 1,880 

poeulation (Millions) 2D7.0 216.2 229.4 243.3 279.7 

Kilowatt Capacity 
per Capita l.7d 2.22 2.88 3.76 6.72 

Power Consumption 
(+rillions of kwhri .1.6 2.1 3.0 4.1 9.01 

Annual per Capita 
Consumption (kWhr) 7,800 9,850 13.080 17,020 32,210 

Nuclear Power Capacity 
'(percent o f  t o t a l )  2.4 10.4 18.0 23.5 .51.1 

a Actual for 1971, and projected t o  me year 2000. 

No uralytical  evidence is presented t o  indicate tha t  these projectei  

rates of per capita consunption are necessary t o  r a i se  the standard of 

lid- Cas, for example, i n  providing better home heating i n  low-income 
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housing) , t o  provide greater national security,  o r  fo r  other socially 

desirable goals, 

levels  of increased per capita consumption, derive from presumed corre- 

la t ions between energy consumption and economic well-being. 

Implicitly t$e only ju s t i f i ca t ion  fo r  these projected 

Unfortunately, 

no Causal relation has been demonstrated, 

which the correlation between increased energy consumption and inc reked  

(;NP has been observed, has heen a period characterized by numerous other 

economic factors,  not the least of which has been low-cost f o s s i l  fuels. 

Since October 1973, t ha t  factor seems t o  have been irrevocably al tered,  

and future economic conditions are l i ke ly  t o  r e f l ec t  the change. 

Daly has observed i n  regard t o  energy and employment, 

The h i s to r i c  period during 

As 

‘The observed posit ive correlation between nan- 

human energy and employment means only tha t  

energy use and employment are both correlated 

t o  6ome t h i r d  factors which have been increasing 

his tor ical ly ,  namely t o t a l  output and t o t a l  

population. w29 

Thus an economic tautology emerges i n  l i e u  o f  analytical  data, i n  

which energy projections are  based not on sector or  market analysis, but 

en t i r e ly  upon econometric model which is  characterized by h i s to r i c ,  

ra ther  than current, economic conditions. 

op. C i t . ,  p. 10. 
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Review of the Proposed F i n a l  Environmental Statement 

on the Liquid Metal Fast Breeder Reactor Program 

U.S. Atomic Energy Commission / Wash 1535 December 1974 

PART 11: A R E V I E W  OF THE ELECTRICAL ENERGY DATA EASE AND THE: 
POTENTIAL SUBSTITUTION OF SOLAR THERMAL ENERGY FOR 
ELECTRIC ENERGY I N  RESIDENTIAL SPACE HEATING, AI? 

CONDITIONING AND WATER HEATING 

suuunary of Part  1 

Sununary and Conclusions 

Projected Increases i n  Energy Consumption 

Residential Space Heating, A i r  Conditioning and 
Water Heating 

Residential Uses of Electr ic  Space Heating, A i r  
Conditioning, and Water Heating 

The Potential for  Solar-Thermal Energy Resources 
i n  Residential Buildings 
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Summary of Part 1 

Analysis of the e l e c t r i c  energy projection mde: and forecast 

assumptions indicates t ha t  projection of e l ec t r i c  energy growth ond 

nuclear energy growth rates  are both derived from an econometric COT- 

relation of GNP and energy consumption from 1947-1971. The model 

used does not account for changes i n  economic parameters since the 

dramatic changes in energy pricing which occurred i n  19741 cer ta in  

major assumptions no longer appear viable; and the projected levels 

of e lec t r i c  energy consumption appear seriously inflated.  

lhd$od consideration of alternative t e  c hnologi cal  opt ions on 1 y for  

t he  generation of e l ec t r i c i ty ,  has resulted in a fai lure  t o  consider 

the application of non-electric alternatives for  meeting projected 

energy needs. 

The 
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PART 2: SUMMARY AND CONCLUSIONS 

An analysis of the e l e c t r i c  energy database used i n  WASH 1535 

and demand projections of energy production modes and end-use markets, 

indicates: 

1) t h a t  projections of residential  space heating, a i r  

conditioning, and water heating based on end-use 

market analysis d i f f e r  substantially from projections 

based on the WASH 1535 econometric mde l ,  and 

2) t ha t  the substi tution of s o l a r - t h e m 1  energy for 

residential  space heating, a i r  conditioning, and 

water heating, appears t o  be a feasible alternative 

to e l e c t r i c  energy sources for  these end-uses. 

By correlating energy production mdes (such a s  fossil fueled 

-electric energy, nuclear generated e l ec t r i c  energy, and solar  based 

thermal energy) with end-use markets (such as residential  space heating, 

air conditioning, and water heating),  i,t is apparent t ha t  solar  energy 

provides a reasonable, and technologically feasible alternative to . the  

generation of electric energy for these purposes. * 

For the purposes of t h i s  review the emphasis is placed on the residential  
sector. Howevef, a l l  quali tative elements of the paper should be 
generally applicable t o  a significant portion of the commercial sector 
as well, and where figures for  the commercial sector have been noted i n  
several instances. 
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Projected Increases i n  Energy Consumption 

The energy projections on which the Liquid Metal Fast Breeder 

Reactor program is  currently being ju s t i f i ed ,  forecast per capita energy 

consumption through the year 2000 t o  increase two-fold; t o t a l  energy 

consumption t o  increase three-fold; per capita e l e c t r i c  energy consumption 

to increase four-fold; t o t a l  e l ec t r i c  generating capacity t o  increase 

five-fold! and t o t a l  e l e c t r i c  power production t o  increase almost s ix-  

fold. 

contained i n  Wash 1535, are  tabularized i n  Table 9 along with computations 

of the annual rates of growth and factors of increases which they represent. 

This baseline data and projected levels fo r  the year 2000 as 
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TABLE 9 

RATES OF GW3WTH AND FACTORS OF INCREASE FOR PROJECTED 

ENERGY DEVELOPMENTS 1971 - 2000 

Population (mil l ions)  Y 
Total Per  Capi ta  Energy 
Consumption (MBTU) Y 

(PBTV) 2/ 
Total Energy Consumption 

I n s t a l l e d  Per  Capi ta  
Generating Capacity 
(thousands of kW) Y 
T o t a l  Per  Capi ta  Electric 
Energy Production 
(thousands of kwhr) I/ 

Total Electric Generating . 
Capacity (mi l l ions  of kW) 

T o t a l  E G c t r i c  Power 
Production (TkWhr) Y 
T o t a l  Nuclear Generating 
Capacity (mi l l ions  of kW) 2/ 
Total Nuclear Power 
Product ion 
( b i l l i o n s  of kWhr) 2/ 

207 

333 

68.969 

1.78 

7,800 

367.5 

1.6 

8.82 

38 

279 

726 

202.637 

6.72 

32,210 

1,880 

9.01 

960.69 

6,880 

0.9 1.35 

2.7 2.18 

3.8 2.93 

4.7 3.78 

5.0 4.12 

5.8 5.12 

6.1 5.. 63 

14.1 108.9 

181.05 31.3 

M. Messinq/EPC 

Table 2.1-13 
2/ computed from T a b l e  2,1-13 

!!/ Table 2.1-12 
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Using t h e  same data ,  TABLE 10 i n d i c a t e s  t h e  t o t a l  cont r ibu t ion  

of nuclear energy t o  the total U.S. energy budget (1971 and 2OOOf a based 

on a thermal conversion rate of 3,412 BTU per kwhr. 

TABLE 1 0  

TOTAL U.S. ENERGY CONSUMPTION AND NUCLEAR POWER PRODUCTION- 

1971 - 2000 

2000 - 1971 - 
Total  Energy Budget 
( resource input  i n  QBTU) Y 

genera t ion  i n  QBTU) - 1/ 

( resource output  i n  QBTU) - 2/ 

to E l e c t r i c  Generation - 1/ 

E l e c t r i c  Energy Consumption 
(resource input  t o  e l e c t r i c  

E l e c t r i c  Energy Production 

Percent  of Gross Energy Inputs  

Percent  of Gross Energy Budget 
Output from E l e c t r i c  Generation 2/ 

Nuclear E l e c t r i c  Production 
(resource output  i n  QBTU) 2/ 

from Nuclear Generation - 2/ 
Percent  of Gross Energy Budget 

68.969 202.637 

17.048 100.287 

5.868 38.019 

25 49 

8.5 18.7 

0.130 23.4 

0.2 11.5 

H. Messing/EPC 

L/ Table 2.1-12 
Computed from T a b l e  2.1-12 
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For the purpose of convenience, the information from these two 

tables can be further capeulized, as In Table 11. 

TABLE 11 

SUMMARY OF ELECTRIC ENERGY GENERATION 1971 - 2000 
2000 - 1971 - 

Total Energy Consumption (QBTU) 69 203 

%tal Electric Energy Production (QBTU) 5.9 38.0 

Total Nuclear Energy Production (QBTU) 0.13 23.4 

M. Messing/EFC 
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Residential Space Heating, A i r  Conditioning and Water Heatinq 

Jh ta  regarding the  t o t a l  energy demands of res ident ia l  and com- 

mercial heating a r e  provided i n  Sections 2, and 6 of Wash 1535, but 

are not disaggregated e i t h e r  according t o  sec tor  demand or source of 

energy. 

and commercial space heating consumed i s  17.9 - 20 percent of  the  t o t a l  

energy budget i n  1968. 30 T a b l e  6C.6-1 provides some addi t ional  infor-  

mation but no information is given regarding e i t h e r  project ions of 

Thus, Table 2.1-1 of Wash 1535 indica tes  only t h a t  r e s iden t i a l  

TABLE 12- 1/ 

ENERGY CONSUMPTION I N  THE UNITED STATES BY END-USE 

1960-1968 

(QBTU AND % PER YEAR) 

Consumption Annual Rate % of National Total 
1960 1968 of Growth 1960 1968 Sector 

Residential 
Space Heating 4.848 6.675 4.1 11.3 11.0 
Water Heating 1.159 1.736 5.2 2.7 2.9 
A i r  Conditioning 0.134 0.427 15.6 0.3 0.7 

Commercial 
Space Heating 3.111 4.182 3.8 7.2 6.9 
Water Heating 0.544 0.653 2.3 1.3 1.1 
Sit Conditioning 0.576 1.113 8.6 1.7 L6 

epace heating, a i r  conditioning, and water heat ing demands, o r  regarding 

the contribution of electrical energy sources t o  these sec tor  Uexniinds. 

I/ Abstracted from T a b l e  6C.6-1 
30 Vol. 1, p. 2.1-4 
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Table 2.1-4 of Wash 1535 (reproduced below) ind ica tes  projected 

growth r a t e s  fo r  several  sec tors ,  including e l e c t r i c a l  energy generation. 

bu t  the  data  is not  cor re la ted  t o  the data  provided i n  Table 2.1-1. 

Sector 

Household-Comrcial  

Indus t r i a l  

Transportation 

E l e c t r i c a l  Generation 

Synthet ic  Ga8 

Totax 

1971 1975 1980 

14.3 15.9 17.5 

20.3 22.9 24.8 

17.0 19.1 22.8 

17.4 22.4 30.0 

Q.? 

69.0 80.3 96.0 

- - - 

1985 2000 

19.0 21.9 

27.5 39.3 

27.1 42.6 

40.4 80.4 

7.7 

116.7 191.9 

- 2.7 

As a result 'it is unclear  how the  r e s iden t i a l  commercial space heat ing 

loads eonsidered i n  T a b l e  2.1-1 relate to  either the  projected growth of t he  

household-commercial o r  the  e l e c t r i c a l  energy generation rubrics of Table 2.1-4. 

More %cent data  regarding both r e s iden t i a l  and cownercial space heat-  

ing ,  a h  Con&&tionlng, and water heat ing has s ince  been compiled by o ther  

sources, and the  following Table i s  based on a preliminary report  prepared by 

Arthur D. L i t t l e ,  Inc. (ADL). 31 

- 1/ Reproduction of Tabla 2.1-4, Wash 1535. 

31 Residential  and Commercial Energy Use Pa t te rns  , 1970-1990, P r c l i d n a W  
Report, July 1974, Not for Fina l  Distr ibut ion.  
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1/ TABLE 14- 

RESIENTIAL AN3 COMMERCIAL, 
SPACE HEATING, AIR CONDITIONING AND WATER HEATING1 

RATES OF GROWTH PR3JECTF.D FROM 1970 - 1990 

Projec ted  Rate 
1970 of Annual 1990 200cP 

Sector  (QBTU) Growth ( 0 )  (QBTU) (QBTU) 

Ra e ident  i a l  

Space Heating 8.146 1.3 10.547 12.0 
Water Heating 1.769 1.4 2.336 2.684 
A i r  Conditioning 0.163 8.4 0.818 1.832 

Commercial 

Space Heating 2.206 2.7 3.758 4.905 
Water Heating 0.484 5.8 1.494 2.626 
Air Conditioning 0.150 4.5 0.346 0.537 

The d i f fe rences  between pro jec ted  growth r a t e s  and f i g u r e s  f o r  com- 

mercial demands as estimated here  and i n  T a b l e  12 should be noted. 

I/ Source, ADL Prel iminary Report, Figures 1.8, 1.9, Table 15. 

ADL Projected rate of growth i s  f o r  t h e  year 1990 and i s  not c a r r i e d ' o u t  
to t h e  year  2000. 
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As stated i n  the t e x t  of the ADL Report, the estimates are made 

"on the bas is of macro-economic projections of 

income, and GNP ... (indicating) t ha t  the housing 

inventory w i l l  grow modestly (1 .7% per year) ,  

between 1970 and 1990, whereas commercial space 

w i l l  grow a t  a much higher r a t e  (4.1% per year). 

On the basis  of these growth expectations, the 

change i n  the inventory mix and the different  en- 

ergy use of these two sectors ,  w e  forecast growth 

i n  res ident ia l  energy demand a t  1.6% per year and 

commercial energy demand a t  4.1% per year, com- 

pounded t o  1990 ... (assuming) low cost fuel ( $ 4  

per barrel  o i l )  and unconstrained supply. ''32 

Thus these figures , though preliminary, d i f f e r  substantially from 

the estimated, and projected growth r a t e s  of res ident ia l  space heating 

loads inferred from WASH 1535. A s  indicated i n  Par t  l , *  WASH 1535 e s t i -  

mates of projected energy growth rates  and e l e c t r i c  energy growth r a t e s  

were based upon an econometric model and assumed incressing e l e c t r i c  en- 

ergy substitution i n  sectors such as  res ident ia l  space heating. If we 

can assume tha t  the data presented i n  WASH 1535 regarding resident ia l  

and commercial energy demand growth r a t e s  (as indicated above)' a r e  con- 

s is tant  with the data used i n  the projection models, 'and i f  we can assume 

* For a detailed discussion of the forecast m d e l  and assumptions i n  
WASH 1535 , see Review of Proposed Final Environmental Impact: Statement 
on the Liquid Metal Fast Breeder Reactor; Part  1: A Review of  the 
Electric Energy Forecast Assumptions. 

32ADL, ibid,  p. 5. 

n 
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tha t  residential  and commercial space heating, a i r  .conditioning, and water 

heating represent sectors which have been projected t o  undergo increaring 

substi tution of e l ec t r i c  energy aources, then the projections calculated 

in Table 14 represent substantial differences between the estimated energy 

demands of these sectors i n  the year 2000. 

Residential Uses of Electr ic  Space Heating, A i r  Conditioning, and Water 

Heat in9  

The Report of the Office of Science and Technology, from which the 

WASH 1535 data h T a b l e  2.1-1 is derived,33 contains m r e  complete in-  

fdnnation regarding the uses of e l e c t r i c  energy for  residential  space heat- 

h g ,  a i r  conditioning, and water heating, from 1960-1968. 

version r a t e  of 3,413 BTU per kwh, the report includes the following esti- 

mates (abstracted). 

Using a con- 

34 

TABLE 16 

RESIDENTIAL CONSUMPTION OF ELECTRICITY' 'Qx END USE, 1960-1968 

Sector ( in  QBTU's) 

Space Heating 
MY Conditioning 
Watey-beat ins 

1960 

0.029 
0.048 
0.155 

1968 

0.164 
0.154 
0.250 

- 

33 Patterns of Energy Consumption i n  the United States ,  Office of Science 

34 Ibid,  p. 42. 

and Technology, January, 1972. Table 17, p. 41. 
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The percentage of t o t a l  r e s iden t i a l  energy consumption f o r  each of 

these  sec tors  i s  derived from comparison with the  data  i n  T a b l e  1 2  (above). 

I n  terms of un i t  sa tura t ion ,  comparable f igures  have been compiled by 

Makhijani and Lichtenberg. 35 

TABLE 17 

G R X "  IN PER CAPITA ELECTRICITY FOR SELECTED HOUSEHOLD USES, 

ANNUAL ANNUAL 
1960 Per Capita 1970 Per Capita 

Saturat ion Cmsumption (KW"r) Saturat ion Consumption (mr) 

E l e c t r i c a l  
Resistance 
Heating 1.5% 

E l e c t r i c  
Water 
Heating 18.6% 

A i r  
Conditioning 14.0% 

41 

2 32 

59 

6.10 190 

29.6% 416 

42.6% 191 

As indicated above (page p.101, t he  WASH 1535 project ion of e l e c t r i c  

energy consumption growth r a t e s  assumes an increasing consumption of electri-  

c i t y  f o r  res ident ia l  uses,  such a s  space heat ing.  Impl ic i t ly  the  assumption 

is s ta ted :  

" tha t  e l e c t r i c i t y  would continue t o  subs t i t u t e  f o r  

o the r  forms of energy i n  a reas  of  cur ren t  energy use 

35 A.B. Makhijani, and A.J. Lichtenberg, "An Assessment of Residential  Energy 
Ut i l iza t ion  i n  the  U.S.A. ," Berkeley, Cal i forn ia ,  (1972) , Table 111; as  
re fer red  t o  by Wilson Clark,  ENERGY FOR SURVIVAL, Doubleday, 1974, pp. 187, 
188. 
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and t h a t  new cases m u l d  be found f o r  it i n  the  

future  . . . 36 
and exp l i c i t l y  WASH 1535 r e fe r s  t o  the  project ions of the 1970 National 

Power Survey: 

"The 1970 FPC National Power Survey forecas t  of 

growth i n  e l e c t r i c a l  generating capaci ty  r e f l ec t -  

ed t o  some exten t  consideration of power needs 

for environmental p ro tec t ion ,  but  t h e  accelerat ion 

of concern with the environment t h a t  has occurred 

s ince the  survey was made w i l l  result i n  the need 

for more capaci ty  than was projected.  Among the 

f ac to r s  t h a t  w i l l  contr ibute  t o  the  increase a re  

the following: 

(1) Control of a i r  and water po l lu t ion  from elec- 
t r i c  generating p l an t s ,  power t o  operate  con- 
t r o l  equipmnt  and reduced p lan t  eff ic iency.  

(2) Elec t r i ca l  energy demands €or widespread sew- 
age disposal  improvement. 

(3) Electrical energy demands for meeting water 
pol lut ion control  standards i n  i n d u s t r i a l  
processes. 

(4) Where apartment bui ldinqs,  comxercial esrab- 
l ishments,  and fac tor ies  a re  now usins  d i r ec t  
combustion of fossil F u e l s  for space h e a t i n q  
and processes heat inq,  a s iqn i f i can t  number 
may convert t o  e l e c t r i c i t v  because of r z s t r i c -  
t i o n  on the emission of pa r t i cu la t e s  and oxides 
of su l fu r  and nitrogen." d i  

36 Vol. 4 ,  p. 11.2-55 
37 Vol. 3 ,  p. 6c.4-2,  emphasis added. 
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The National Power Survey, i n  tu rn , i s  much rmre sanguine about 

the. t rend  towards e l e c t r i c  space heat ing i n  r e s iden t i a l  homes and the  

general. trend towards all-electric homes, but  does not  estimate component 

growth ra tes .  Instead, it estimates only t o t a l  r e s iden t i a l  energy con- 

sumption (1,467 mil l ion megawatt hours) ,  un i t  consumption (33,000 kwh per  

customer) and numbers of all-electric homes (24 mill ion)  for  1990. 

"Electric energy used by r e s iden t i a l  consumers, in- 

cluding farm re s iden t i a l ,  is projected t o  increase from 

270 mill ion megawatt hours i n  1965 t o  1,467 mill ion mega- 

w a t t  hours i n  1990. A s ign i f i can t  f ac to r  i n  t h i s  pro- 

jec ted  increase is the growing number of r e s iden t i a l  customers 

who l i v e  i n  a l l - e l e c t r i c  homes, where the  average customer 

in the  contiguous United S ta t e s ,  according t o  1968 repor t s ,  

consumed th ree  times a s  much electric energy a s  the average 

r e s iden t i a l  customer. In  1970, the  average a l l - e l e c t r i c  

home customer used about 20,000 ki lowatt  hours o f  electric 

energy. By 1990, the  corresponding average annual use is 

expected t o  be 33,000 ki lowatt  hours,  s l i g h t l y  more than 

twice the  average annual use of a l l  r e s iden t i a l  customers ... 

"The estimated growth i n  all-electric dwelling is 

shown i n  Tab le  3.1. Approximately one-third of the new 

dwellings constructed i n  1970 used e l e c t r i c i t y  f o r  heating 

and cooling. 

t h a t  40 Dercent of new dwellinqs constructed i n  the  1970-1980 

The project ions a r e  based on the assumptions 
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decade w i l i  be a l l -e lectr ic ,  50 percent constructed i n  the 

following decade 

be about half as  

lations . . .la38 

w i l l  be al l -e lectr ic ,  and tha t  there will 

many conversions as  there are  new instal-  

39/ TABLE 18- 

ELECTRICAL HEATING DWELLINGS IN THE UNITED STATES 

1964 - 1990 

YEAR Millions of Dwellings 

These figures represent projected growth r a t e s  of 9.1% annually for 

units of al l -e lectr ic  homes (1970-1990) and 2.4% for  annual consumption of 

a l l -e lectr ic  units. 

proximately 57.3 million a l l - e l ec t r i c  homes, consuming an average of 42,000 

kwh per year, for an aggregate e l e c t r i c  energy consumption of 2406.6 x lo9 

kWhr per year. 

Projected t o  the year 2000, t h i s  would indicate ap- 

38 FPC THE 1970 NATIOVAL POWER SURVEY, p. 1-3-8. 
39 Ibid., Table 3.1. 
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TABLE 19 

ELECTRIC ENERGY DEMAND OF ALL-ELECTRIC HOMES 

2000 

4.2 24 57.3 

20,000 33,000 42,000 

- 1970 1990 - -  
Number of Dwellings (Millions) 

Average Annual ,E lec t r ic  
Consumption (kWh) 

Aggregate E lec t r i c  Energy 
Consumption ( x lo9 kwh) 

2406.6 04 742 

M. MessinqnPC 

A s  evidenced by the  following table compiled by the National Association 

of Home Builders,  these estimates by the  FPC have been very accurate t o  date:  

TABLE ?e’ 
(abstracted from) 

1973 BUILDING PRACTICES I N  TYPICAL S I N G L E  FAMILY HOMES BY TYPE OF HOUSE 

(Percent of Housing Units) 

Single Family Townhouse Duplex A l l  
Detached guaduplex, E t c .  lacs 

Heating 
Electric 39.4 54.1 35.3 41.9 

Cooling 
E lec t r i c  68.6 

Hot Water 
E lec t r i c  50.9 

80.1 46.6 69.0 

55.0  

40’ Source , National Association of Hone Builders.  

29.9 50.0 

n 
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AS can also be seen,  t h e  use o f  e lectr ic  energy sources  f o r  a i r  cond i t ion ing  

and h o t  water heating extends considerably beyond thoes un i t s  u t i l i z i n g  elec-  

t r i c  space heat ing.  

Taking t h e  percentage of r e s i d e n t i a l  energy demands by component, a s  
41  

represented i n  T a b l e  21 ,  

TABLE 21 

RESIDENTIAL ELTRGY DEMANDS , COMPONENT PERCENTAGE (1968) 

Space Heating 

Air Conditioning 

Water Heating 

A l l  Uses 

6,358 69% 

66 1% 

15% 1,348 

9,188 8 5% 

M. MessingfEPC 

- - 

and assuming, f o r  t h e  purpose o f  p r o j e c t i o n  estimates o n l y ,  t h a t  t h e  per- 

centage demands of r e s i d e n t i a l  space h e a t i n g  or space hea t ing  and a i r  

4 1  

I n t e r e s t i n g l y ,  i n  an a n a l y s i s  of Res iden t i a l  Energy Consumption prepared f o r  
t h e  Department of  Housing and Urban Development i n  1972, it was found t h a t  
the use of  e lectr ic  hea t ing  i n  new cons t ruc t ion  tended t o  be i n v e r s e l y  re- 
l a t e d  t o  t h e  thermal e f f i c i e n c y  of  t e h  housing u n i t ;  i . e . ,  25% i n  l o w  r ise 
bu i ld ings  (with lowest thermal e f f i c i e n c i e s ) ,  16% i n  s i n g l e  u n i t s ,  and 1 4 %  
in high-r ises .  The t r e n d  w a s  even more pronounced i n  r ecen t  apartment pro- 
jects, with 42% i n s t a l l a t i o n  i n  low-rises and 0% recorded i n  h igh - r i s e s .  
[RESIDENTIAL ENERGY CONSUMPTION, Multi-Family Housing Data Acqu i s i t i on ,  O c t .  
1972,  Department of Housing and Urban Development]. 

Abstracted from OST REPORT, Jan.  1972, Table 4 ,  P. 17. 
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condi t ioning * remain approximately constant , the following table can be 

constructed : 

TABLE 22 

RESIDENTIAL DEYAND FOR SPACE HEATING, A I R  CONDITIONING 

AND WATER HEATING I N  ALL-ELECTRIC HOMES; ESTIMATED FOR THE YEAR 2000 

2000 - 1970 - 
T o t a l  Energy Demand i n  
Al l -Elec t r ic  Homes ( x  l o 9  kWh) a4 

T o t a l  Energy Demand i n  
Al l -Elec t r ic  Homes (QBTU) 

Percentage Used f o r  

Space Heat 
A i r  Conditioning 
Water Heating 

T o t a l  

2407 

0.286 8.212 

0.197 
0.002 
0.043 

0.242 

- 
5.666 
0.082 
1.231 

6.979 

M. Messing/EPC 

The P o t e n t i a l  f o r  Solar-Thermal Energy Resources i n  Res ident ia l  Bui ldings 

The t rend  towards increas ing  u t i l i z a t i o n  of  . e l e c t r i c  energy f o r  

space hea t ing ,  a i r  condi t ioning and hot  water heat ing, .  and t h e  assumption 

in the projec t ion  model of WASH 1535 t h a t  t h i s  t r e n d  w i l l  cont inue,  is 

e s p e c i a l l y  i n t e r e s t i n g  i n  t h e  context  of t h e  p o t e n t i a l  f o r  t h e  a p p l i c a t i o n  

This  second assumption allows €or  a decreasing r a t i o  of space h e a t i n g / t o t a l  
energy, and an increas ing  r a t i o  of a i r  condi t ion ing/ to ta l  energy. 
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of s o l a r  thermal technologies t o  these end-uses. I n  Section 6,  Wash 1535 

stat. r . 9  : 

"Most contemporary uses of so l a r  energy are  t o  provide thermal energy 

fo r  building. 

countr ies ,  including the United S ta tes1  they were once c o m n  i n  Flor ida,  

but  t h e i r  use has diminished because of the  a v a i l a b i l i t y  of  natural  gas. 

Space heating by use of  so l a r  energy has been demnst ra ted  i n  about 20 

Solar '  water heaters  a re  manufactured and used i n  several  

experimental buildings ... Solar  energy systems fo r  r e s iden t i a l  and com- 

mercial buildings t h a t  combine water heating, space heat ing,  and a i r  

conditioning are  condiered t o  have the  mst promise because so l a r  col lec-  

tors and energy s torage u n i t s ,  the  major cos t  centers ,  a re  comnon t o  a l l  

three functions.  " 
42 

and i n  Section 11, it indica tes  t h a t :  

"Solar energy appl icat ions i n  t h i s  century a re  l i k e l y  t o  be re- 

s t r i c t e d  to individual  r e s iden t i a l  uses,  s ince central-s ta t ion power 

generation has numerous technological and economic hurdles t o  overcome." 
4 3  

F u r t h e m r e ,  it notes  t h a t :  

1) "The project ions of  the portion of building thermal energy supplied 
44  

by s o l a r  range from 10% (NSF-NASA) t o  30% (Subpanel 1x1 ,I' 

2) " h a t  a l l  proposed s o l a r  energy systems, with tho exception of 

thermal co l lec t ion  fo r  bui ldings,  have poor proepects for  eCOnOmfCallY 

competing with e i t h e r  coal o r  nuclear  systems f o r  a t  l e a s t  Several 

decades. 
45 

42 Vol. 3, p. 6A.5-4 
43 Vol. 4 ,  p. 11.2-62 
44 Vol. 3, p. 68.5-17 
45 VOl.  4 ,  p. 11.1-19 
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However, there  i s  no est imatg given Zn WaSI.I 1535 of the po ten t i a l  for  

t he  subs t i tu t ion  of s o l a r - t h e m 1  rt%mHC&s f6i gm%rgy in r e s iden t i a l  bui ldings , 

except fo r  the  observation t h a t  , 

" I f  s o l a r  is assumed t o  &SpW &I1 buLlBirig thermal energy sources 

(oi l ,  gas ,  e l e c t r i c i t y )  equal ly ,  &wire p?Xije€tiOnS a re  equivalent 

t o  reducing e l e c t r i c a l  energy gmikt i6n by 2% tb 6% in the  year 2,000.. .I@ 

46 

and the  preliminary conclusion t h a t $  

d i r e c t ,  p l en t i fu l  and renewabLB fsm & energy kxmwn... U&ortunately, t h e  

poor e f f i c i enc ie s  of the  avai&DM SVS€&m f6r a6llect ing and transforming_ 

so la r  energy i n t o  useful  form&, E M  Wit% flWtuatbnr aver the  per iod of  a 

day i n  t he  energy received (r&#LELtrg t%Wre StQmge systems) , and the  

d i l u t e  nature  of t he  energy (r&pkhig lrre col lec t ion  areas)  , m i l i t a t e  

against  large-scale  use of t h i s  merw fsrm for cen t r a l  s t a t ion  power 

appl icat ion. .  .'I 
47 

Other ana lys t s  have estimated tiRaf up to 92% of the energy used i n  U.S. 
40 

residences could be met with decent?c%d&g&i Kdar energy col lec t ion  un i t s  

t h a t  "the economics of s o l a r  space Mid Wafer heat ing a re  a l ready competitive with 

f o s s i l  fue l  and e l e c t r i c a l  systems," 

, and 

49 
eueh areas as Oregon. 

Unfortunately, i n  considering eRly t h o ~ e  a l t e r n a t i v e  technology opt ions 
50 

avai lab le  f o r  "generating o r  conservhtJ @le!ctrieal energy'' 

e l e c t r i c i t y  ( w i l l )  continue t o  sub&Wte far athex ionns of energy.. .It , t he  

, with the  "be l ie f  t h a t  
51 

po ten t i a l  f o r  subs t i tu t ing  solar-thelWd @horgy for electric i n  se lec t ive  

46 Vol. 3, p. 6A.5-17 
47 Vol. 3 ,  p. 65-5, empha6is.added. 
48 
49 

Wilson Clark,  Energy  For Surviv&+bUb?Wleday, 19'74, p. 459 
Transi t ion:  A Report t o  the Owg&h @WYqy Counela; The Office of Energy 

Research and Planning; Off ice  05 the Gawz-na~,, &an., 1375, pp. 148,149 

50 vel. 3 ,  p. 6P-1 
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res ident ia l  component sec tors ,  has been completely overlooked. 

1535 s t a t e s :  

Instead,  Wash 

"One of the  mst a t t r a c t i v e  a l t e rna t ives ,  i n  pr inc ip le ,  i s  so la r  

energy. However, the high cos ts  and la rge  land areas  associated with i t s  

use as a cent ra l  s t a t ion  power source and the  high cos t s ,  soc i a l  accepta- 

b i l i t y ,  and the  i n e r t i a  associated with l o c a l ,  d i s t r ibu ted  use mi l i t a t e  

against  t h i s  form of e l e c t r i c a l  energy production making a subs tan t ia l  

contribution in t h i s  century. " 
52 

The "bel iefs"  and the  conclusions of Wash 1535 notwithstanding, it is  

clear t h a t  the u t i l i z a t i o n  of s o l a r - t h e m 1  energy fo r  r e s iden t i a l  space heat ing,  

air conditioning, and waterheating is technica l ly  feas ib le ,  and i t s  subs t i tu t ion  

€Or projected e l e c t r i c a l  energy demands i n  these a reas  should be closely examined. 

Table 23 compares the  projected demands of r e s iden t i a l  space heat ing,  a i r  con- 

d i t ion ing ,  and water heat ing in a l l  electric homes f o r  the year 2,000, with 

projected leve ls  Qf nuclear energy production i n  the  same year. 

51 Vol. 4 ,  p. 11-2-56 

52 Vol. 3 ,  p. 6s-8 
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TABLE 23 

COMPARISON OF NUCLEAR ENERGY PRODmTION AND THE POTENTIAt FOR SUBSTITUTION 

OF SOLAR-THERMAL RESOURCES FOR ELECTRIC SPACE HEATING,  A I R  C O N D I T I O N I N G ,  AND 

WATER HEATING I N  THE YEAR 2000 

2,000 

23.4 QBTU 

- 
Projected Nuclear Energy Production 

Projected Energy Demand €or Space Heating 
A i r  Conditioning, and Water Heating i n  
A l l  E l ec t r i c  Homes 6.979 QBTU 

Ratio of Residential  Electric Demand/ Nuclear Energy 29. BO 

8. MessinqDPC 

On t h i s  bas i s ,  it i s  apparent t h a t  the po ten t i a l  f o r  solar-thermal resource 

u t i l i z a t i o n  i n  r e s iden t i a l  homes represents  a po ten t i a l  contr ibut ion equal t o  

approximately 30% of projected nuclear energy production in  the year 2,000. I t  

should a l so  be noted, t h a t  these f igures  do not consider e i t h e r  the po ten t i a l  

for energy conservation i n  r e s iden t i a l  buildings*, o r . t h e  po ten t i a l  appl icat ion 

of solar-thermal resources i n  the commercial sector .  

The poten t ia l  savings i n  r e s iden t i a l  and commercial buildings estimated i n  the 
ADL study, and u t i l i z i n g  only s t r a t eg ie s  based on avai lable  and p rac t i ca l  means, 
estimates a po ten t ia l  savings of 8QBTU by 1990; and independent es t imates  i n  the 
HUD Residential  Energy Consumption Report on Single Family Housing (March 1973) 
reported t h a t  energy consumption in  good qua l i ty  s ing le  family houses could be 
reduced uv t o  40 without a f fec t ing  the  l i f e s t y l e  of the  occupants. 
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U N I T E D  S T A T E S  

ENERGY RESEARCH AND DEVELOPMENT ADMlNlSTRATlflN 
WASHINGTON,  D.C. 20545 

Mr. Marc Messing 
Director  
Energy F a c i l i t y  S i t i n g  Analysis 
Environmental Policy Center 
324 C S t r e e t ,  S. E. 
Washington, D. C. 20003 

I Dear M r .  Messing: 
I 

Thank you f o r  your le t ters  of April  9 and  Apr i l  10, 1975 cementing 
on t he  Proposed Final  Envirom-tental Statement (PES) for t h e  Liquid 
Metal Fast  Breeder Reactor (LIIFSR) Program. The EnerRy Research 
and Developrent M n i n i s t r a t i o n  (EPJ)A) has revieved all wri t t en  
comments received on the  P E S  as well as t he  testimony received 
during the  Publ ic  Hearing held on Yay 27-23, 1975 and has  taken 
these \dews i n t o  accaunt in the  preparat ion of t h e  Final  Favironrrental 
S ta tenent  for the LXFBR Program. 
responses ta your concerxs In the  enclosures  t o  t h i s  letter. 

Thank you for your comnents and f o r  your i n t e r e s t  i n  t h e  LEGXR prqrarn. 
A copy of the Final Environmental Statement is enclosed fo r  your 
information. 

!$e hope you vlll f ind  s a t i s f a c t o r y  

Since re ly , 

s i s t a n t  h d d r i l s t r a t a r  f o r  
Fnvironcent and Safety 

Enclosures : 
1. ERDA Staf f  Responses 

t o  Spec i f ic  Car!cnts 
2. Final  Favironnantal  Statement, 

LMFBR Program 

I 
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ERDA S t a f f  Response t o  Comments by t h e  Environmental Pol icy  Center 

Comment (p. 1 /21:  

".... 1) P r o j e c t i o n s  of t o t a l  energy consumption are based on 
economic t rends  from 1947 t o  1972 which a r e  incompatible with 
changes i n  economic condi t ions  during t h e  p a s t  two years ,  and 
2) e l e c t r i c a l  energy p r o j e c t i o n s  and nuc lear  energy p r o j e c t i o n s  
are derived from t h e  same model as  t h e  t o t a l  energy pro jec t ions ,  
and t h e r e f o r e  incorpora te  t h e  same economic f a l l a c i e s  . I '  

ERDA Response: 

A l l  f o r e c a s t s  are based upon h i s t o r i c a l  r e l a t i o n s h i p s ,  The f o r e c a s t s  i n  
t h e  PFES a r e  based on t h e  b e l i e f  that t h e  b a s i c  s t r u c t u r e  o f  t h e  
r e l a t i o n s h i p s  between populat ion,  GNP, t o t a l  energy, and e l e c t r i c  energy 
w i l l  remain i n t a c t .  Continuation of r e l a t i o n s h i p s  does not  of course 
mean no change, but  r a t h e r  change i n  t h e  d i r e c t i o n  of h i s t o r i c  t rends  
rather than dependence on s h o r t  term t rends .  
is not compatible w i t h  the goa ls  of prudent long t e r m  planning. 
c u r r e n t  divergence from t h e  long term electric energy growth r a t e  is due 
in l a r g e  p a r t  t o  t h e  c u r r e n t  economic recession.  
rate is a smoothed, time-average of t h e  a c t u a l  continuous growth r a t e  
which has i n  t h e  p a s t  had s h o r t  term per iods  of nega t ive  growth as well 
as  acce lera ted  p o s i t i v e  growth. 
long range p lans  on s h o r t  term swings i n  t h e  e l e c t r i c  energy growth in 
l i e u  of t h e  more s t a b l e ,  time-averaged long term growth rates. 

Although t h e  f o r e c a s t s  of electric energy demand i n  t h e  PFES are based on 
h i s t o r i c  t rends ,  they are n o t  a simple e x t r a p o l a t i o n  of t h e  h i s t o r i c  
growth rate. For example, t h e  inf luence  of decreasing populat ion growth 
and increas ing  energy e f f i c i e n c y  r e s u l t s  i n  a s teady d e c l i n e  from t h e  
7-82 growth of t h e  e a r l y  1970's t o  a growth rate of less than 4% per  year  
i n  Year 2020. 

The u s e  of s h o r t  t e r m  t rends  
The 

The long term growth 

Obviously then,  i t  is hazardous t o  base 

Comment (p. 1/61: 

UIt i s  unclear  from t h e  evidence presented t h a t  t h e  dominant 
t rend  i n  t h e  long-term u t i l i z a t i o n  of energy r e p r e s e n t s  
increas ing  e f f i c i e n c i e s . "  

ERDA Response: 

The s e p a r a t e  e f f e c t s  of increased energy use and increased e f f i c i e n c y  of 
energy a p p l i c a t i o n s  are of course combined i n  t h e  d a t a  you present .  
energy demand growth is g r e a t e r  than t h e  energy savings from improved 
e f f i c i e n c y ,  t h e  t rend  of increased energy consumption is t h e  more 
apparent  t rend i n  t h e  da ta .  

Since 
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Comment (pp. 1/8-1/10) : 

"Final ly ,  it should be noted t h a t  as the  percentage of electric 
energy within the  t o t a l  na t iona l  energy budget increases ,  t he  
net energy ef f ic iency  decreases." 

ERDA Response: 

Your conclusion is not  warranted from t h e  da t a  you presented in Tables 4 
and 5 .  You have assumed that non-electr ic  energy appl ica t ions  are 100% 
e f f i c i e n t  vhich of course is not  t rue .  In  f a c t  t he re  are good reasons 
t o  expect that some cur ren t  and f u t u r e  appl ica t ions  of e l e c t r i c i t y  are 
more e f f i c i e n t  than a l t e rna t ives .  
electric heat pump requi res  fewer Btu of input  t o  t h e  electric generating 
p l an t  than t h e  number of Btu required a t  t h e  na tu ra l  gas processing p lan t  
t o  eventual ly  heat  a home. 

For example, home heat ing with an  

Comment (p. 1/14) : 

The PFES 

' I . . .  f a i l s  t o  consider t he  use  of solar-thermal space 
heat ing as an a l t e r n a t i v e  t o  increased uses  of e l e c t r i c i t y  
€or space heat ing,  and dismisses  s o l a r  energy from consid- 
e r a t i o n  in t he  cost-benefi t  ana lys i s  because of t h e  
problems and c o s t s  involved in so la r - e l ec t r i c  conversion." 

ERDA Response: 

Solar  space heat ing and cooling are technological ly  f e a s i b l e  but  are 
not curren t ly  economically feasible  f o r  mass appl ica t ion  throughout the 
nation. 
r equ i r e  large, expensive s torage  systems or  backup systems. This 
requirement may r e s u l t  i n  l i t t l e  change i n  required backup capaci ty  
although it should provide f u e l  savings.  Note a l s o  the  cost-benefi t  
ana lys i s  allowed nuclear p l an t s  t o  compete only wi th in  an envelope of 
60% of the  e l e c t r i c  generat ing capacity.  
capaci ty  and a l l  of t he  non-electr ic  energy demand must be supplied 
by non-nuclear a l t e rna t ives .  

For many p a r t s  of t he  country s o l a r  appl ica t ions  w i l l  e i t h e r  

Thus 40% of the  e l e c t r i c  

Coment (pp. 1 /14 ,  15) : 

"The assumption t h a t  soc i e ty  w i l l  continue t o  increase  t h e  
e f f ic iency  of i t s  energy u t i l i z a t i o n ,  and the  implicat ion 
that t h e  e l e c t r i c  power indus t ry  w i l l  continue t o  achieve 
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grea ter  e f f i c i ency  i n  t h e  generat ion of e l e c t r i c i t y ,  have a l s o  
been ser ious ly  challenged." 

As systems become more dependent upon high-technology (energy 
intensive) methods, Odum argues,  both the  ne t  energy ef f ic iency  
tends t o  diminish,  and the  BTU recovered per  d o l l a r  invested,  
t e n d s  t o  diminish as  w e l l . "  

(1  

ERDA Response: 

The assumption t h a t  soc i e ty  w i l l  increase the  e f f i c i ency  of energy 
u t i l i z a t i o n  is  based on h i s t o r i c  t rends  of improvement i n  the  e f f i c i enc ie s  
of energy generation, t ranspor ta t ion  and appl ica t ion .  E l e c t r i c  energy 
generation efficiency has increased i n  the pas t  and t he  deplop.ent  of 
W B R  can continue t h i s  t rend r e l a t i v e  t o  cur ren t  nuclear  r eac to r s  and 
f o s s i l  plants .  

An implicat ion t h a t  high-technology methods diminish energy and economic 
e f f ic iency  is of course a genera l i ty  and c e r t a i n l y  is not  always t rue .  
For example, appl ica t ion  of hea t  punps f o r  space heat ing may be more 
e f f i c i e n t  than both e l e c t r i c  r e s i s t ance  heat ing and d i r e c t  combustion 
of f o s s i l  fue l s .  Also, nuclear  r eac to r s  produte e l e c t r i c i t y  a t  lover  
cos t  than f o s s i l  p l a n t s  i n  many a reas  of t h e  country r i g h t  now. 
advent of t he  UfFBR can fu r the r  increase  t h e  economic advantage of 
nuclear  power. 

N e t  energy e f f i c i ency  i s  a use fu l  measure of performance al though one 
must remember that optimum economic use  of energy does not  always 
coincide wi th  maximum energy output-to-input r a t i o s .  Present  day 
nuclear  p l an t s  have been found t o  be comparable t o  f o s s i l  fueled e l e c t r i c  
generating p l an t s  i n  terms of n e t  energy ef f ic iency .  Rmbough and Koenl 
i nd ica t e  LWRs and coa l  f i r e d  p l an t s  r equ i r e  about 7% of t h e i r  l i f e t i m e  
output t o  pay t h e i r  construct ion and f u e l  cyc le  energy debt .  
w i l l  have neg l ig ib l e  f u e l  cyc le  energy c o s t s  and w i l l  reduce LLT f u e l  
cyc le  energy cos ts .  
system ne t  energy ef f ic iency .  

The 

The LNFBR 

Therefore the  W R  w i l l  increase the t o t a l  power 

Comment (p. 1 / 1 7 ) :  

'I.... Census Bureau Se r i e s  D da t a  w a s  used f o r  t he  pro jec t ion  
of nuclear energy production base case. The E-series population 
pro jec t ion  of t he  Bureau of Census was used' as t h e  b a s i s  f o r  

'"Total Energy Investment I n  Nuclear Power Plants  , I 1  C . T. Rombough and 
B. V. Koen, Nuclear Technology, Vol. 26 (Nay, 1975). 
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t he  GNP estimates. 
increasing the  proportion of nuclear energy calculated within 
the  t o t a l  budget i n  a comparison of t he  nuclear energy 
forecas ts .  'I 

Presunably t h i s  would have the  e f f e c t  of 

ERDA Response: 

I n  the  long term, a mismatch i n  t h e  population project ions would lead 
t o  a mismatch i n  the  capac i ty  and demand project ions.  
sho r t  term, l i k e  the  1980 pro jec t ions  you quote,  there  is very l i t t l e  
d i f f e rence  i n  capac i ty  pro jec t ions  stemming from population project ions.  
The p l an t s  t h a t  w i l l  be on l i n e  i n  1980 are committed now. 
noted on p. 2.1-22, t he  PFES w a s  modified t o  include the  updated WASH- 
1139 (74) capaci ty  pro jec t ions  which have decreased near  term plant  
bu i ld  schedules t o  r e f l e c t  cur ren t  p lan t  commitments. 

However, i n  t he  

As was 

Conunent (p. 1/18) : 

"If one were t o  examine the  t rends  i n  nuclear  power development 
over t he  e n t i r e  range of t he  t en  year  period s ince  the  f i r s t  l a rge  
wave of commercial nuclear power p l an t  orders  were placed i n  1965, 
It would appear t h a t  t he  commitment t o  nuclear  power production 
has peaked (during t h e  per iod of low-cost f o s s i l  f u e l s ) ,  and the re  
I s  no d i r e c t  evidence t o  ind ica t e  t h a t  i n t e r e s t  is l i k e l y  t o  
revive.  'I 

ERDA Response: 

On the  contrary the re  is subs t an t i a l  evidence t o  ind ica t e  fu tu re  r e l i ance  
on nuclear  power. 
caused by a combination of l i cens ing  delays,  c a p i t a l  shortages and 
recessionary impacts on e l e c t r i c i t y  demand. The cur ren t  a b i l i t y  of LWRs 
t o  generate  e l e c t r i c i t y  from domestically ava i l ab le  f u e l s  a t  lower cos t  
than f o s s i l  f i r e d  p l an t s  provides s t rong incent ives  t o  bui ld  add i t iona l  
nuclear power p lan ts .  
Independence goals  and c a p i t a l  investment t ax  incent ives  c l e a r l y  demon- 
strate a d e s i r e  t o  break the  nuclear p l an t  construct ion bot t leneck.  

Current dec l ines  i n  nuclear  p l an t  construct ion are 

Federal  government support  i n  terms of Pro jec t  

Comment (p. 1/21) : 

"No a n a l y t i c a l  evidence is presented t o  ind ica t e  t h a t  these  pro- 
j ec t ed  rates of per cap i t a  consumption are necessary t o  raise the  
standard of l i v i n g  (as, f o r  example, i n  providing b e t t e r  home 
heat ing i n  low-income housing), t o  provide g rea t e r  na t iona l  
s ecu r i ty ,  or f o r  o ther  s o c i a l l y  des i r ab le  goals.  Imp l i c i t l y  the  
only j u s t i f i c a t i o n  f o r  these  projected l e v e l s  of increased per 
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c a p i t a  consuinpt ion ,  d e r i v e  f rom presumed c o r r e l a t i o n s  be tween 
e n e r g y  consumpt ion  and economic u e l l - b e i n g .  
c a u s a l  r e l a t i o n  h a s  b e e n  d e m o n s t r a t e d . "  

U n f o r t u n a t e l v ,  n o  

ERDA Response:  

I n  t h e  f r e e  marke t  s v s t e m  t h e  o n l y  p o s s i b l e  o b j e c t i v e  m e a s u r e  o f  t h e  
w o r t h  of a good,  s u c h  as e n e r g y ,  t o  a consumer i s  h i s  w i l l l n g n c s s  t o  
p u r c h a s e  t h e  good. T h e r e f o r e ,  b a s e d  on  t h i s  c a u s a l  r e l a t i o n s h i p  and 
t h c  d e s i r e  of  t h e  p u b l i c  t o  improve  their  s t a n d a r d  of l i v i n g  
( p a r t i c u l a r l y  t h e  l a r g e  m i n o r i t y  nov  l i v i n g  a t  a s u b - s t a n d a r d  economic 
l e v e l ) ,  i n c r e a s e s  i n  p e r  c a p i t a  ener;y consumpt ion  a re  s o c i a l l v  
d e s i r a b l e  g o a l s .  l l i s t o r i c a l l y ,  i n c r e a s e s  i n  per c a p i t a  consumpt ion  
and i n c r e a s e s  i n  t h e  g r o s s  n a t i o n a l  p r o d u c t  h a v e  been  c l o s e l v  r e l a t e d  
(see S e c t i o n  I11 F.2)  a n d  h a v e  i n d i c a t e d  t h e  c lose r e l a t i o n s h i p  
be tween e n e r g y  consumpt ion  and  t h e  s t a n d a r d  of l l v f n g .  

Comment ( p .  2 / 3 ) :  

"The d i f f e r e n c e s  b e t w e e n  p r o j e c t e d  prowth  rates and f i r p r e s  f o r  
commercial demands as e s t i m a t e d  h e r e  and i n  T a b l e  1 2  s h o u l d  b e  
n o t e d .  I t  

ERDA Response:  

T a b l e  1 2  r e p r e s e n t s  h i s t o r i c a l  d a t a  and T a b l e  14 r e p r e s e n t s  f o r e c a s t e d  
demand, t h e  d a t a  c a n n o t  b e  d i r e c t l y  compared.  

Comment (p. 2 / 1 0 ) :  

F i g u r e s  f rom an AOL P r e l i m i n a r y  R e p o r t  d i f f e r  s u b s t a n t i a l l v  f rom 
t h e  e s t i m a t e d ,  and  p r o j e c t e d  growth  rates o f  r e s i d e n t i a l  s p a c e  
h e a t i n g  l o a d s  i n f e x r e d  from WASH-1535. 

EKDA Response:  

The c o s t - b e n e f i t  a n a l v s i s  i n  t h e  PFES u t i l i z e d  e n e r p y  denand p r o j e c t i o n s  
o b t a i n e d  from a n  c c o n o m e t r i c  model .  S i n c e  t h e  e c o n o n e t r l c  a n a l v s i s  d o e s  
n o t  p r o v i d e  a breakdown o f  demand by s e c t o r  i t  i s  d i f f i c u l t  t o  u n d e r s t a n d  
t h e  b a s i s  f o r  y o u r  c o n c l u s i o n  t h a t  t h e  ADL d a t a  " r e p r e s e n t  s u b s t a n t i a l  
d i f f e r e n c e s "  f rom t h e  PFES d a t a .  

- 

n 

n 
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Comment (p. 2/20):  

"Unfortunately, i n  considering only those a l t e r n a t i v e  technology 
opt ions ava i l ab le  f o r  'generating o r  conserving e l e c t r i c  energy' ,  
wi th  the  'be l ie f  that  e l e c t r i c i t y  (wi l l )  cont inue t o  s u b s t i t u t e  
f o r  o ther  forms of energy.. . ', t he  po ten t ia l  fo r  s u b s t i t u t i n g  
solar-thermal energy fo r  e l e c t r i c  i n  s e l e c t i v e  r e s i d e n t i a l  
component s e c t o r s ,  has been completely overlooked ." 

ERDA Response : 

The LMFBR Environmental Statement necessar i ly  must focus on a l t e r n a t i v e s  
t o  the  LWBR. The LMFBR generates  e l e c t r i c i t y .  The assumption t h a t  
e l e c t r i c i t y  w i l l  s u b s t i t u t e  f o r  t r a d i t i o n a l  uses  of f o s s i l  f u e l s  and 
that new uses  of e l e c t r i c i t y  w i l l  be found is a general ized statement 
based on h i s t o r i c  and cur ren t  t rends.  
and commercial space and water heating is only a pa r t  of t he  more g loba l  
trend. Cer ta in ly  s o l a r  energy has a po ten t i a l  t o  s a t i s f y  r e s i d e n t i a l  
and commercial heating requirements. 
LMFBR ne i the r  e x p l i c i t l y  eva lua tes  nor ignores  the  p o t e n t i a l  of s o l a r  
energy . 
Instead the  cost-benefi t  ana lys i s  determines me b e n e f i t s  of t he  LNFBR 
t o  penet ra te  a l imited por t ion  of t he  electric generat ing capac i ty  market. 
The cont r ibu t ions  of s o l a r  and other  a l t e r n a t i v e s  can and probably w i l l  
cont r ibu te  t o  the  remaining 40% of t h e  electric generat ing capaci ty  and 
the  non-electr ic  energy supply market. 
ana lys i s  contains  many cases which analyze the  incent ives  f o r  t he  LElFBR 
under condi t ions of reduced energy demand. 
f o r  you t o  formulate your own conclusions. 

A trend t o  e l e c t r i f y  r e s i d e n t i a l  

The cost-benefi t  ana lys i s  of t he  

In  addi t ion  the  cost-benefi t  

Thus t h e  da t a  is ava i l ab le  
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A p r i l  8 ,  1975 

Mr. W .  H .  Penninqton  
Assessment and Coordina t ion  O f f i c e r  
D i v i s i o n  o f  Biomedical and Environmental  Research 
U . S .  Energy Research and Development Admin i s t r a t ion  
Washington, D. C. 20545 

Dear M r .  Pennizqton:  

Enclosed  p l e a s e  f i n d  comments of t h e  S c i e n t i s t s '  I n s t i t u t e  
€or P u b l i c  In fo rma t ion  on t h e  Proposed F i n a l  Envi ronmenta l  
S t a t emen t  on t h e  L iqu id  Metal F a s t  Breeder  Reactor (LMFBR) 
Program as s o l i c i t e d  i n  t h e  F e d e r a l  R e g i s t e r  volume 40  #17 
Janua ry  2 4 ,  1 9 7 5 ,  pages  3804 - 3806. s2&7a 

Alan McGowan 
P r e s i d e n t  
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S c i e n t i s t s '  I n s t i t u t e  f o r  P u b l i c  Informat ion  

i n  r e g a r d  t o  t h e  

A t o m i c  Energy Commission's 

Proposed F i n a l  Environmental  S ta tement  

on t h e  

Liquid Metal F a s t  Breeder  Reactor Program 

Submitted t o  t h e  

Energy Research and Development Admin i s t r a t ion  

?.;ril E ,  1275 

Prepa red  by t h e  fo l lowing  S IPI  Task Force Members: 

Barry Commoner Chairman, S IPI  
W i l l i a m  Groth Research A s s i s t a n t ,  S IP I  
Leonard Maniace Research A s s i s t a n t ,  S IP I  
Alan McGowan P r e s i d e n t ,  S I P I  
Sheldon Novick 
Diane Yale S a u t e r  Research Assoc ia t e ,  S I P I  

E d i t o r  I Environment Magazine I SIPI  
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A p r i l  9 ,  1 9 7 5  
STATEMENT OF THE EXECUTIVE COMMITTEE OF THE 

SCIENTISTS' INSTITUTE FOR PUBLIC INFORMATION 

I n  i t s  comments on t h e  D r a f t  Environmental  S t a t emen t  of t h e  A t o m i c  

Energy Commission's Liquid  Metal F a s t  Breeder  Reactor Program, and 

i n  a s t a t e m e n t  by t h e  S IPI  Execut ive  Committee accompanying t h o s e  

commerits, the S c i e n t i s t s '  I n s t i t u t e  s ta ted t h a t  i t  found t h e  AEC's 

d r a f t  s t a t e m e n t '  "so g r o s s l y  inadequa te  as t o  p r e v e n t  r a t h e r  t h a n  

enhance p u b l i c  d i s c u s s i o n " .  

"withdraw ( t h e  d r a f t  s t a t e m e n t )  and produce a new d r a f t  t h a t  

s e r i o u s l y  c o n f r o n t s  t h e  complex i s s u e  o f  how b e s t  t o  produce  and 

use  t h e  energy  t h a t  i s  e s s e n t i a l  t o  t h e  n a t i o n ' s  f u t u r e " .  

I t  went  on t o  say  t h a t  t h e  AEC shou ld  

Accord ingly ,  the S c i e n t i s t s '  I n s t i t u t e  looked  w i t h  g rea t  i n t e r e s t  

on t h e  new environmental statement which SIPI and o t h e r s  had 

P.-11 cIIIcu r r l  for .  

by t h e  AEC as one of i t s  l a s t  acts b e f o r e  having  i t s  a c t i v i t i e s  

absorbed  i n t o  the newly e s t a b l i s h e d  Energy Research and Develop- 

ment Admin i s t r a t ion  and the Nuclear  Regulatory Commission. 

?. P r q x ~ z 2  Fin&: EZ>-iYGEZ2iikal S ' l a i ewi l i  W ~ B  p ~ e p d ~ e ; l  

However, changes of  s reat  magnitude have o c c u r r e d  i n  t h e  twelve 

months s i n c e  t n e  p r e p a r a t i o n  o f  t h e  o r i g i n a l  d r a f t  s t a t e m e n t ?  

bo th  w i t h i n  t h e  agency r e s p o n s i b l e  f o r  t h e  L iqu id  Metal F a s t  

Breeder  Reactor  Program? and w i t h i n  t h e  American n a t i o n .  These 

changes have n o t  been s e r i o u s l y  cons ide red  i n  t h e  Proposed F i n a l  

Environmental  S t a t emen t ,  y e t  t hey  are c r u c i a l  t o  t h e  program under  

c o n s i d e r a t i o n .  The S c i e n t i s t s '  I n s t i t u t e  f o r  P u b l i c . I n f o r m a t i o n  con- 

c l u d e s ,  t h e r e f o r e ?  t h a t  t h e  S ta tement  must  b e  withdrawn by ERDA, and 

t h e  b reede r  program must be  completely r e a s s e s s e d ?  b e f o r e  p r e s e n t a -  

t i o n  of a r e l e v a n t  envi ronmenta l  impact  s t a t e m e n t .  
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The Statement was prepared by t h e  A t o m i c  Energy Conunission (AEC) 

which was c rea t ed  by the Atomic Energy A c t  o f  1946, amended i n  

1954, wi th  t h e  paramount o b j e c t i v e  of a s su r ing  and maximizing 

m i l i t a r y  defense and s e c u r i t y  through t h e  development and c o n t r o l  

of atomic energy. 

and i t s  nuc lea r  r e sea rch  and development act ivi t ies  were i n h e r i t e d  

by t h e  Energy Research and Development Adminis t ra t ion (ERDA) , which 

i s  now t h e  agency r e spons ib l e  f o r  i s s u i n g  a f i n a l  environmental  

s ta tement  on t h e  breeder  program. 

The AEC was abol i shed  by act of Congress i n  1 9 7 4 ,  

However, E R D A ' s  mandate i s  q u i t e  d i f f e r e n t :  t o  i n c r e a s e  t h e  

e f f i c i e n c y  and r e l i a b i l i t y  of t h e  use of all energy sources t o  

meet t h e  needs of p r e s e n t  and f u t u r e  gene ra t ions ,  whi le  advancing 

t h e  goa ls  of r e s t o r i n g ,  p r o t e c t i n g  and enhancing environmental  

q ~ ~ 1 i . k ~  , aiid ass i iX i i i \ j  p u b l i c  i lrali i l  and a a i e t y .  T h e  var ious  

methods of u t i l i z i n g  solar energy,  whose c o n t r i b u t i o n s  a r e  mini- 

mized i n  t h e  Statement ,  are s p e c i f i c a l l y  named by Congress as 

warrant ing  p r i o r i t y  by ERDA. 

ERDA has been assigned r e s p o n s i b i l i t i e s  under t h e  Energy Reorgani- 

za t ion  A c t  of 1 9 7 4 ,  t h e  Federal  Nonnuclear Energy Research and 

Development Act of 1974, t h e  S o l a r  Heating and Cooling Act of 

1 9 7 4 ,  t h e  So la r  Research, Development and Demonstration A c t  of 

1 9 7 4 ,  and t h e  Geothermal Energy Development and Demonstration Act 

of 1 9 7 4 .  While t h e  Proposed F i n a l  Environmental State]% w a s  

mailed t o  commentators by t h e  AEC on December 31, 1 9 7 4 ,  ERDA d i d  no t  

o f f i c i a l l y  begin ope ra t ion  u n t i l  January 1 9 ,  1975, a l though 

D r .  Robert C. Seamans, Jr. took o f f i c e  as Adminis t ra tor  on December 

3 0 ,  1 9 7 4 .  

- .  . -_  - . . . . . . 
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I n  a d d i t i o n  t o  ERDA's  A s s i s t a n t  Adminis t ra tors  i n  charge of nuc lea r  

energy and n a t i o n a l  s e c u r i t y ,  t h e r e  a r e  also A s s i s t a n t  Adminis t ra tors  

i n  charge of f o s s i l  energy; environment and s a f e t y ;  so l a r ,  geothermal 

and advanced energy systems; and conservat ion.  While ERDA r ece ived  a 

l a r g e  t r a n s f e r  of personnel  from t h e  AEC, t h e r e  are a l s o  1165 new 

employees t r a n s f e r r e d  from t h e  Department of t h e  I n t e r i o r ,  t h e  

Nat iona l  Science Foundation, and t h e  Environmental P r o t e c t i o n  Agency. 

I t  i s  apparent  t h a t  t h e i r  a r eas  of competence are no t  r e f l e c t e d  i n  

t h e  Statement.  

ERDA i s  r equ i r ed  by June 30 ,  1975 t o  p r e s e n t  t o  Congress t h e  n a t i o n ' s  

f i r s t  comprehensive p l an  f o r  energy r e sea rch ,  development and 

demonstrat ion,  t o  achieve short- term ( t o  t h e  e a r l y  1 9 8 0 ' ~ ) ~  middle- 

k i ' i i t  i t r d i i y  iS2G's to 2irOC.l) , and iong-term (beyond 2000) s o l u t i o n s .  

This  p l an  i s  t o  be accompanied by a comprehensive program t o  

implement E R D A ' s  nonnuclear func t ions ,  and w i l l  i nc lude  an eva lua t ion  

of costs as w e l l  as of economic, environmentaLtechnologica1 and 

social  m e r i t s .  The p l an  will have t h e  b e n e f i t  of review w i t h i n  

s i x t y  days by t h e  congress iona l  Of f i ce  of Technology Assessment. 

The Nat iona l  Environmental Po l i cy  Act (NEPA) s p e c i f i e s  t h a t  t h e  

lead  agency i n  a proposed a c t i o n  must  p repare  an o r i g i n a l  

environmental  impact s ta tement  and may no t  accept  one c a r t e  blanche 

from another  agency (Greene County vs .  Federa l  Power Commission and 

Xalur vs. Resor ) .  Through no f a u l t  of i t s  own, ERDA has  been p laced  

i n  t h e  p o s i t i o n  of having t o  answer t o  t h e  p u b l i c  f o r  a s t a t emen t  
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which it  d i d  n o t  p repa re ,  and which f a i l s  t o  s a t i s f y  i t s  own man- 

d a t e  a s  w e l l  a s  s e v e r a l  requirements of  NEPA, inc lud ing  f u l l  d i s -  

c l o s u r e  t o  t h e  a f f e c t e d  community. 

Fo r tuna te ly ,  before  t h e  end of t h i s  f i s c a l  y e a r ,  ERDA should have 

a b e t t e r  i d e a  of what p l ace  it cons iders  t h e  breeder  program should 

have i n  a comprehensive n a t i o n a l  energy p l an ,  and be a b l e  t o  begin 

p repa ra t ion  of a new s ta tement  wi th  a more c u r r e n t  d a t a  base.  

The d a t a  base  

Although 1 9 7 4  and 1975 have been des igna ted  "shr ink  yea r s "  t h a t  

have caused t h e  Edison Elec t r ic  I n s t i t u t e ,  E l e c t r i c a l  World, and 

t h e  Federa l  Power Commission, as w e l l  as var ious  e l e c t r i c a l  

u t i l i t y  and manufacturing corpora t ions  t o  r e v i s e  t h e i r  former 

p r e d i c t i o n s  of f u t u r e  e l e c t r i c a l  growth r a t e s ,  t h e  - Statement  

e x p l i c i t l y  rejects t h i s  course , cons ider ing  it "most prudent"  t o  

cen te r  i t s  own demand p r o j e c t i o n s  on e x t r a p o l a t i o n s  from e a r l i e r  

high growth rates. 

t h a t  "Any p r o j e c t i o n  model used t o  e s t ima te  e l e c t r i c a l  energy 

growth depends d i r e c t l y  on t h e  continued re levance  of t h e  parameters  

s e l e c t e d " .  

T h i s  i s  i n  con t r ad ic t ion  t o  i t s  own admission 

Parameters used i n  t h e  Statement t o  p r e d i c t  f u t u r e  e l e c t r i c a l  demand 

a r e  popula t ion  growth, s i z e  of work f o r c e ,  rates of l a b o r  p r o d u c t i v i t y ,  

g ross  n a t i o n a l  product ,  and t o t a l  energy demand. These a r e  i n f l a t e d  

i n  t h e  Statement i n  every case ,  e i t h e r  because t h e  d a t a  used were 

s e v e r a l  yea r s  o l d ,  or because of an unwil l ingness  t o  ilccept t h e  
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r e l evance  of changed c i rcumstances .  N o  s e r i o u s  e v a l u a t i o n  was made 

o f  t h e  f u t u r e  impact  o f  t h e  d r a s t i c  d e c l i n e s  which have o c c u r r e d  

more r e c e n t l y  o r  o f  t h e  p o s s i b l e  impacts  of proposed F e d e r a l  p ro-  

grams such a s  P r o j e c t  Independence. 

The S t a t e m e n t ' s  c o s t - b e n e f i t  a n a l y s i s  does n o t  i n c o r p o r a t e  any new 

i n f o r m a t i o n ,  c o n t i n u i n g  t o  assume t h e  h i s t o r i c  i n c r e a s e  i n  

e lec t r ica l  demand of 7.8% p e r  y e a r  till 1980, whereas i n  1974 

demand a c t u a l l y  decreased .56% below t h e  1973 l e v e l ,  and t h e  f i rs t  

t w o  months of  1975 showed only  a 4% i n c r e a s e .  The S ta t emen t  c l a ims  

t h a t  r e c e n t  v a r i a b i l i t y  i s  accounted f o r  by i t s  i n c l u s i o n  of c a s e s  

down t o  5 0 %  of t h e i r  b a s e  case p r o j e c t i o n ,  b u t  t h e i r  -50% case i s  

above t h e  p r o j e c t i o n  made i n  December 1974 by t h e  Techn ica l  Advisory 

CnmmFtten ,  c.? P i r , ~ r , t e  o; the Fecieral Power Commission € o r  h i s t o r i c  

growth up t o  t h e  y e a r  1990. 

I t  i s  a t  -50% of t h e  base  p r o j e c t i o n  f o r  demand t h a t  t h e  S ta t emen t  

p r e s e n t s  t h e  f i r s t  b e n e f i t - c o s t  r a t i o  below 1 . 0 ,  y e t  it i s  f r o m  

t h i s  p o i n t  t h a t  ERDA may have t o  begin  t o  p r e p a r e  new i n p u t  t o  t h e  

econometr ic  model, p rov id ing  c u r r e n t  i n fo rma t ion  on t h e  de layed  

b r e e d e r  i n t r o d u c t i o n  d a t e ,  i n c r e a s e d  c a p i t a l  c o s t s ,  lower energy  

demand compounded by a l l  t h e  parameters  c i t e d ,  more o p t i m i s t i c  

uranium s u p p l y ,  and i n c r e a s e d  r e s e a r c h  and development c o s t s .  

With c a p i t a l  format ion  among t h e  most s e r i o u s  problems f a c i n g  t h e  

n a t i o n ,  con t inued  inves tment  i n  t h i s  program would i n e v i t a b l y  
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f o r e c l o s e  t h e  development of o t h e r  energy op t ions  which ERDA, i n  

i t s  comprehensive p l a n ,  and wi th  i t s  expanded a u t h o r i t y ,  may choose 

t o  emphasize. 

conclus ion  

WASH-1535, t h e  Proposed F i n a l  Environmental Statement  f o r  t h e  Liquid 

Metal F a s t  Breeder Reactor Program, i s  t h e  o b s o l e t e  v i s i o n  of a now 

de func t  agency. 

gene ra t ions  of humans were committed t o  t h e  i r r e v e r s i b l e  e f f e c t s  

and i r r e t r i e v a b l e  l o s s e s  imposed by breeder  development, simply 

because proper  eva lua t ion  of t h e  program w a s  impeded du r ing  an 

a d m i n i s t r a t i v e  t r a n s i t i o n .  

I t  would be t r a g i c  indeed i f  uncounted f u t u r e  
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I 

I 

INTRODUCTION 

One y e a r  ago t h e  Atomic Energy Commission (AEC) r e l e a s e d  a 

D r a f t  Environmental  S ta tement  on t h e  L iqu id  Metal F a s t  Breeder 

Reactor Program. The S c i e n t i s t s '  I n s t i t u t e  f o r  P u b l i c  In fo rma t ion  

(SIPI) .  found t h i s  document g r o s s l y  inadequa te ,  and c a l l e d  f o r  a 

new d r a f t  t h a t  s e r i o u s l y  conf ron ted  " t h e  complex i s s u e  of  how b e s t  

t o  produce and use  t h e  energy t h a t  i s  e s s e n t i a l  t o  t h e  n a t i o n ' s  

f u t u r e " .  

A s  one o f  i t s  l a s t  ac t s ,  t h e  AEC r e l e a s e d  a Proposed - F i n a l  

I 

I 

Environmental  S t a t emen t  on the  breeder program, giv.ing i t s  

s u c c e s s o r ,  t h e  Energy Research and Development Admin i s t r a t ion  

( E R D A ) ,  t h e  o p t i o n  t o  adopt  t h e  S ta tement  a f t e r  review. While 

t h i s  r e v i s i o n  made a cosmetic attempt t o  improve some o f  t h e  

b lemishes  exposed by commentors, it remains o u t d a t e d ,  i ncomple t e ,  

i n a c c u r a t e  and mis leading .  Th i s  S ta tement  c o n t i n u e s  t o  b e  an  

The Lead Agency 

Th i s  S ta t emen t  w a s  p repa red  by t h e  AEC, which w a s  c r e a t e d  by 

t h e  Atomic Energy A c t  o f  1946, amended i n  1954,  w i t h  t h e  paramount: 

v b j e c t i ~ e  of a s s u r i n g  and maximizing m i l i t a r y  d e f e n s e  and s e c u r i t y  

inadequa te  document upon which t o  base a d e c i s i o n  t h a t  w i l l  i n -  

f l u e n c e  t h e  s t r u c t u r e  o f  s o c i e t y  f o r  decades t o  come. 

P a r t i c u l a r l y ,  it f a i l s  to c o n f r o n t  t h e  impacts  of changes 

of g r e a t  magnitude t h a t  have occur red  i n  t h e  p a s t  s i x  months,  

bo th  w i t h i n  t h e  agency r e s p o n s i b l e  f o r  i s s u i n g  t h e  S ta t emen t ,  

and i n  t h e  American n a t i o n  i t s e l f .  As  a r e s u l t ,  S I P I  concludes  

t h a t  t h e  S ta tement  must be  withdrawn by ERDA, and t h e  b r e e d e r  

program must be  completely r e a s s e s s e d ,  i n c o r p o r a t i n g  new comments 

made by t h e  p u b l i c ,  b e f o r e  p r e s e n t a t i o n  o f  a r e l e v a n t  env i ron -  

menta l  impact  s t a t e m e n t ,  

I 
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th rough t h e  development and c o n t r o l  of a tomic  energy.  The AEC was 

a b o l i s h e d  by ac t  of  Congress i n  1 9 7 4 ,  and i t s  n u c l e a r  r e s e a r c h  and 

tievelopment a c t i v i t i e s  were i n h e r i t e d  by ERDA. 

ERDA has  been a s s igned  a d d i t i o n a l  r e s p o n s i b i l i t i e s  under  t h e  

Energy Reorganiza t ion  A c t  of 1974, t h e  Fede ra l  Noanuclear Energy 

Research and Development A c t  of 1974, t h e  S o l a r  Heat ing  and Cooling 

A c t  o f  1 9 7 4 ,  t h e  S o l a r  Research,  Development and Demonstrat ion Act 

of 1974, and t h e  Geothermal Energy, Development and Demonstrat ion 

A c t  o f  1 9 7 4 .  Whi le  t h e  Proposed F i n a l  Environmental  S t a t emen t  w a s  

mai led  t o  commentors by t h e  AEC, ove r  t h e  s i g n a t u r e  of  James L.  

Liverman, on December 31,  1 9 7 4 ,  ERDA d i d  n o t  o f f i c i a l l y  beg in  

o p e r a t i o n  u n t i l  January  1 9 ,  1975,  a l though D r .  Robert  C .  Seamans, 

Jr. took o f f i c e  as Admin i s t r a to r  on December 3 0 ,  1 9 7 4 .  

E R D A ' s  mandate i s  q u i t e  d i f f e r e n t  from t h e  AEC's: t o  i n c r e a s e  

t h e  e f f i c i e n c y  and r e l i a b i l i t y  of t h e  use  of all enerqy  s ~ x c c s  tc 

meet t h e  needs of  p r e s e n t  and f u t u r e  g e n e r a t i o n s ,  w h i l e  advancing 

t h e  g o a l s  of  r e s t o r i n g ,  p r o t e c t i n g  and enhancing envi ronmenta l  

q u a l i t y ,  and a s s u r i n g  p u b l i c  h e a l t h  and s a f e t y .  The v a r i o u s  m e -  

thods  of u t i l i t i z i n g  s o l a r  energy ,  whose c o n t r i b u t i o n s  are mini-  

m i z e d  and d i f f i c u l t i e s  exaggera ted  i n  t h e  S ta t emen t ,  are 

s p e c i f i c a l l y  named as w a r r a n t i n g  p r i o r i t y  by ERDA. LYaximum 

conse rva t ion  measures ,  s imimarly minimized i n  t h e  S ta t emen t ,  a r e  

a l s o  s p e c i f i e d  as an ERDA g o a l .  

I n  a d d i t i o n  t o  E R D A ' s  A s s i s t a n t  Admin i s t r a to r s  i n  charge  o f  

n u c l e a r  energy and n a t i o n a l  s e c u r i t y ,  there  are a l so  A s s i s t a n t  

Admin i s t r a to r s  i n  charge  of f o s s i l  energy;  environment  and s a f e t y ;  

s o l a r ,  geothermal  and advanced energy s y s t e m s :  and c o n s e r v a t i o n .  

While ERDA r ece ived  a l a r g e  t r a n s f e r  of  pe r sonne l  from t h e  A E C ,  
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t h e r e  are a l s o  1165 employees t r a n s f e r r e d  f r o m  t h e  Department of 

t h e  I n t e r i o r ,  t h e  N a t i o n a l  Sc ience  Foundat ion,  and t h e  Environmental  

P r o t e c t i o n  Agency. I t  i s  appa ren t  t h a t  t h e i r  areas of  competence 

are n o t  r e f l e c t e d  i n  t h e  S ta tement .  

A comparison i s  appended a t  t h e  end o f  t h i s  i n t r o d u c t o r y  

c h a p t e r ,  which d e t a i l s  t h e  many areas i n  which t h e  r e s p o n s i b i l i t i e s  

of ERDA d i f f e r  from t h o s e  of t h e  AEC, i n c l u d i n g  t h e  d i s s e m i n a t i o n  

of  i n fo rma t ion  t o  t h e  p u b l i c .  

ERDA i s  r e q u i r e d  by June  3 0 ,  1975 t o  p r e s e n t  t o  Congress t h e  

n a t i o n ' s  f i rs t  comprehensive p l a n  for  energy r e s e a r c h ,  development 

and demons t r a t ion ,  t o  ach ieve  short-term ( t o  t h e  e a r l y  1 9 8 0 ' ~ ) ~  

middle-term ( e a r l y  1 9 8 0 ' s  t o  20001, and long-term (beyond 2 0 0 0 )  

s o l u t i o n s .  Th i s  p l a n  i s  t o  be  accompanied by a comprehensive 

program t o  implement E R D A ' s  nonnuclear  f u n c t i o n s ,  and w i l l  i n c l u d e  

-.I bVaAUULIuII of costs as w e l l  as eC01iGXd.C I e n v i r o r ~ ~ u e i ~ t a i ,  iecii- 

n o l o g i c a l  and s o c i a l  merits. Th i s  p l a n  i s  c u r r e n t l y  i n  p r e p a r a t i o n ,  

w i t h  t h e  a s s i s t a n c e  o f  t h e  Mitre Corpora t ion ,  and TRW, I n c o r p o r a t e d .  

I t  w i l l  have t h e  b e n e f i t  of review w i t h i n  s i x t y  days by t h e  con- 

g r e s s i o n a l  O f f i c e  o f  Technology Assessment. 

-.. - . . - 7 . - - L :  ,.- 

The N a t i o n a l  Environmental  P o l i c y  A c t  (NEPA) s p e c i f i e s  t h a t  

t h e  l e a d  agency i n  a proposed a c t i o n  must p r e p a r e  an o r i g i n a l  

envi ronmenta l  impact  s t a t e m e n t  and may n o t  a c c e p t  one "carte 

blanche" f r o m  ano the r  agency (Greene County vs .  F e d e r a l  Power 

Commission and Kalur  v s .  R e s o r ) .  Through no f a u l t  of its own, 

ERDA has  been p l aced  i n  t h e  p o s i t i o n  of having  t o  answer t o  t h e  

p u b l i c  f o r  a s t a t e m e n t  which i t  d i d  n o t  p r e p a r e ,  and which f a i l s  

t o  s a t i s f y  i t s  own mandate a s  w e l l  as s e v e r a l  requi rements  of NEPA, 

i n c l u d i n g  f u l l  d i s c l o s u r e  t o  the n f  f c c t e d  coinmunitv, 
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F o r t u n a t e l y ,  b e f o r e  t h e  end of  t h i s  f i s c a l  y e a r ,  ERDA shou ld  

have a b e t t e r  i d e a  of  what p l a c e  it c o n s i d e r s  t h e  b r e e d e r  program 

should  have i n  a comprehensive n a t i o n a l  energy p l a n ,  and be a b l e  t o  

beg in  p r e p a r a t i o n  of a new s t a t emen t  w i t h  a more c u r r e n t  d a t a  b a s e .  

An Example of t h e  S t a t e m e n t ' s  D e f i n i t i o n  of "Current"  -- 

-In b a s i c  ways, t h e  Proposed F i n a l  Environmental  S t a t emen t  

(PFES) remains unchanged from t h e  D r a f t  Environmental  S ta tement  

( D E S ) .  An example f o l l o w s ,  t aken  from one s m a l l  s e c t i o n  of  t h e  

Summary volume. 

Volume I ,  S e c t i o n  2 . 1  of t h e  PFES, " R e l a t i o n s h i p  of t h e  LMFBR 

Program t o  t h e  U.S. Energy Economyll, i s  twen ty - f ive  pages  l o n g ,  and 

c o n t a i n s  a t o t a l  of s even teen  f i g u r e s  and t a b l e s .  S i x t e e n  of these 

are i d e n t i c a l  w i t h  t h o s e  t h a t  appear  i n  t h e  same s e c t i o n  of t h e  

DES, and were g e n e r a l l y  produced i n  1 9 7 2  o r  e a r l i e r .  The one 

a d d i t i o n  t o  t h e  PFES i s  a f i g u r e  comparing 1968 p e r  c a p i t a  income 

and energy consumption. 

The PFES S e c t i o n  2.1.3.3., d e a l i n g  w i t h  t h e  "Cur ren t  S i t u a t i o n "  

i n  t h e  g e n e r a t i o n  of e l e c t r i c i t y ,  p r e s e n t s  Table  2 . 1 - 1 1 ,  i d e n t i c a l  

t o  t h e  DES Table 2 .1-11 ,  g i v i n g  U.S. e lec t r i ca l  u t i l i t y  i n d u s t r y  

s t a t i s t i c s  f o r  1972. S i m i l a r  s t a t i s t i c s  are pub l i shed  f o r  1973 and 

beyond i n  monthly i s s u e s  of t h e  F e d e r a l  Energy A d m i n i s t r a t i o n ' s  

Monthly Energy.Review pub l i shed  i n  1974, and so  were c e r t a i n l y  

a v a i l a b l e  t o  t h e  AEC a t  t h e  t i m e '  t h e  PFES was be ing  p repa red .  

S e v e r a l  i d e n t i c a l  Tables  ( 2 . 1 - 1 2 ,  2 .1-13 ,  2 . 1 - 1 4 )  which were 

produced i n  1972 c o n t a i n  p r o j e c t i o n s  of  p o p u l a t i o n ,  energy  consump- 

t i o n ,  and/or g e n e r a t i n g  c a p a c i t y .  (The PFES bases  i t s  p r o j e c t i o n s  

for  e l e c t r i c a l  demand on 1 9 7 2  Bureau of t h e  Census p r o j e c t i o n s ,  
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though t h e s e  are r e v i s e d  s e v e r a l  t i m e s  a y e a r . ) *  

Compared word f o r  word, t h e  PFES S e c t i o n  2.1.3.4 d e a l i n g  w i t h  

" P r o j e c t i o n s  of Fu tu re  E lec t r i ca l  Demand" i s  s u b s t a n t i v e l y  i d e n t -  

i c a l  w i t h  t h e  same s e c t i o n  of t h e  DES, w i t h  t h e  s u b s t i t u t i o n  of 

" t h e r e  i s  wide agreement" i n  one i n s t a n c e  where " t h e r e  i s  u n i v e r s a l  

agreement" had appeared ,  and t h e  a d d i t i o n  of "but  now w e  must add 

t h e  e x p e c t a t i o n  t h a t  e lec t r ica l  energy w i l l  be  s u b s t i t u t e d  f o r  

a p p l i c a t i o n s  t h a t  had been se rved  d i r e c t l y  by dwindl ing  o i l  and g a s  

s u p p l i e s " .  

T o  s u p p o r t  i t s  own p r o j e c t i o n s  of e lec t r i ca l  demand, t h e  

S ta tement  ci tes p r o j e c t i o n s  t h a t  w e r e  made by t h e  F e d e r a l  Power 

Commission (FPC) from 1969 through 1973 (pp 2.1-14,151. Y e t  

p r o j e c t i o n s  r e l e a s e d  by t h e  FPC i n  1 9 7 4  are s u b s t a n t i a l l y  lower 

than  t h e s e .  A p r o j e c t i o n  cons ide red  by t h e  AEC t o  be  50% below 

t h e i r  base  case of h i s t o r i c a l  g r n w t h  nf 7 . 8 %  p e r  y e a r  till. 

(p .  1 1 . 2 - 9 )  w a s  above t h e  FPC p r o j e c t i o n  f o r  an a l l -e lectr ic  case 

a c c e l e r a t e d  beyond h i s t o r i c a l  growth i n  t h a t  p e r i o d .  S i m i l a r l y ,  

t h e  AEC -50% case w a s  s t i l l  above t h e  FPC p r o j e c t i o n  f o r  h i s t o r i c a l  

growth till 1990. * * 

The Cos t -Benef i t  Ana lys i s  

The Sta tement  claims t h a t  " t h e  range  of v a r i a b l e s  exp lo red  i n  

t h e  c o s t - b e n e f i t  a n a l y s i s  ... ( e .g .  c a s e s  which assume a 50% re- 

duc t ion  i n  t h e  base  c a s e  p r o j e c t i o n  o€ e l e c t r i c a l  demand i n  t h e  

* P u b l i c a t i o n s  Order Form: Cur ren t  Popu la t ion  Repor t s ,  U.S. Dept. 
of  Commerce, Bureau of t h e  C e n s u s ,  Form BC-2340 ,  October ,  1 9 7 3 .  

* A Report  t o  t h e  Fed.era1 Power Commission by t h e  Techn ica l  Advisory 
Committee - Finance ,  The F i n a n c i a l  Outlook €or t h e  U.!:. E l e c t r i c  
Power I n d u s t r y ,  December 1 9 7 4  (P re l imina ry  Release),  pp.  7 2 ,  7 6 ,  
1 3 9 ,  1 4 0 .  

n 
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y e a r  2 0 2 0 )  a p p e a r s  t o  p r o v i d e  a d e q u a t e  i n s i g h t  i n t o  t h e  p o s s i b l e  

e f f e c t s  of m a j o r  u n c e r t a i n t i e s  i n  t h e  assumpt ions  u s e d " .  I t  

f u r t h e r  c l a i m s  t h a t  b e n e f i t s  are reduced  below c o s t s  o n l y  when a 

number o f  assumpt ions  are s i m u l t a n e o u s l y  w e i g h t e d  i n  a manner which 

i s  c o n s i d e r e d  u n l i k e l y  t o  o c c u r  ( p .  11s-1). 

W e  o b s e r v e  t h a t  t h e s e  " u n l i k e l y "  c i r c u m s t a n c e s  o n l y  b e g i n  t o  

t o u c h  upon c u r r e n t  and r e a l i s t i c  i n t e r a c t i o n s  of  t h e  chosen p a r a -  

meters. I t  i s  from t h i s  p o i n t  t h a t  ERDA may have t o  b e g i n  t o  

p r e p a r e  new i n p u t  t o  t h e  e c o n o m e t r i c  model,  p r o v i d i n g  c u r r e n t  

i n f o r m a t i o n  on t h e  d e l a y e d  b r e e d e r  i n t r o d u c t i o n  d a t e ,  i n c r e a s e d  

c a p i t a l  cos t s ,  lower e n e r g y  demand compounded by a l l  t h e  p a r a m e t e r s  

c i t e d ,  more o p t i m i s t i c  uranium s u p p l y ,  and i n c r e a s e d  r e s e a r c h  and 

development  costs.  A d i s c u s s i o n  of  e a c h  of t h e s e  p a r a m e t e r s  

4 

follows. 

LMFBR I n t r o d u c t i o n  Date 

O f  f i f t y - s i x  cases r u n  i n  t h i s  "updated"  c o s t - b e n e f i t  a n a l y s i s  

which c o n s i d e r e d  i n t r o d u c t i o n  o f  t h e  LMFBR, o n l y  f o u r  p o s s i b l e  d a t e s  

were e v a l u a t e d  (Appendix I V .  D )  : 

Year of 
i n t r o d u c t i o n  

1985 
1987 
1 9  88  
1 9 9  1 

No. of  cases 
c o n s i d e r e d / y e a r  

6 
40  

4 
6 

Y e t  t h e  m o s t  r e c e n t  pronouncement of t h e  d a t e  of i n t r o d u c t i o n *  

hoped f o r  t h e  g e n e r a t i o n  of e l e c t r i c i t y  by t h e  b r e e d e r  "in t h e  

e a r l y  1990s" , i f  t h e r e  was " e x t e n s i v e  i n d u s t r i a l  ahd governmenta l  

* Summary S h e e t  accompanying l e t t e r  of t r a n s m i t t a l ,  d a t e d  
February  11, 1975,  U . S .  Atomic Encryy Commission, along w i t h  
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c o o p e r a t i o n " .  T h i s  r e f e r r e d  i n  p a r t  t o  t h e  d e f e r r m e n t  and 

c a n c e l l a t i o n  by u t i l i t i e s  of 170,000 o u t  of 3 6 0 , 0 0 0  mw ( 4 7 % )  of 

g e n e r a t i n g  c a p a c i t y ,  i n  1974,  due  t o  major f i n a n c i n g  d i f f i c u l t i e s . *  

T h e r e f o r e ,  a t  m o s t ,  o n l y  10 .7% of  cases r u n  were p o s s i b l y  re- 

l e v a n t .  A meaningfu l  s t a t e m e n t  would have  t o  c o n s i d e r  s e v e r a l  

i n t r o d u c t i o n  d a t e s  b e g i n n i n q  w i t h  1 9 9 1 ,  r e f l e c t i n g  a p e n a l t y  f o r  

e a c h  y e a r  o f  d e l a y .  I n  t h e  S t a t e m e n t ,  t h i s  p e n a l t y  i s  d e s c r i b e d  as 

f o l l o w s :  "Delaying  t h e  i n t r o d u c t i o n  d a t e  f o r  t h e  LMFBR r e d u c e s  t h e  

b e n e f i t s  by $+  t o  14  b i l l i o n  p e r  y e a r  of d e l a y ,  w i t h  t h e  e x a c t  

value depending  upon t h e  uranium supp ly  and t h e  e n e r g y  demand" 

( p .  11.2-15)  . 

C a p i t a l  C o s t s  

The assumpt ion  i s  made i n  t h e  S t a t e m e n t  t h a t  a d e c r e a s e  w i l l  

o c c u r  i n  t h e  c a p i t a l  cost  of t h e  LMFBR, due  t o  t h e  l e a r n i n g  p r o c e s s  

a s s o c i a t e d  w i t h  t h e  i n t r o d u c t i o n  of a new p l a n t  t y p e ,  f rom $520/kwe 

i n  1985 d e c l i n i n g  t o  $360/kwe i n  2000, i n  1974 d o l l a r s  ( p .  1 1 . 2 - 1 2 ) .  

Comparing t h i s  t o  t h e  e x p e r i e n c e  w i t h  l i g h t  w a t e r  n u c l e a r  

r e a c t o r s ,  w e  f i n d  a n  o r i g i n a l  estimate of $135/kwe r a i s e d  t o  $240/ 

kwe, t h e n  $350/kwe. and l a t e r  t o  $400-$510/kwe. i n  a n  e i g h t  y e a r  

p e r i o d .  I n  r ea l  costs ,  d u r i n g  t h e  two vears 1971 t o  1973,  t h i s  

amounted t o  a $90 m i l l i o n  c a p i t a l  cost  i n c r e a s e  f o r  a 1 0 0 0  mwe LWR.** 

Research  and Develowment C o s t s  

While  t h e  maximum u n d i s c o u n t e d  r e s e a r c h  and development  c o s t  

useu  i n  t h e  S t a t e m e n t  i s  $8.7 b i l l i o n ,  o r  g e n e r a l l y  $4.7 b i l l i o n  a t  

* " U t i l i t i e s :  Weak P o i n t  i n  t h e  Energy F u t u r e " ,  B u s i n e s s  Week, 

**Power P l a n t  C a p i t a l  C o s t s ,  WASii-1345, U.S. A t o m i c  Energy Commi- 

- 
J a n u a r y  20, 1975,  p .  46 .  

" Q - 7 .  r - , .  
SSLG~,,  C \ ; . i ~ L d i  L J  1 ' 1 ,  pp. v, I I 0. 
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t h e  accep ted  1 0 %  d i s c o u n t  r a t e  (Appendix IV-D) t h e  AEC e s t i m a t e d  

i n  January  1975 t h a t  it would r e q u i r e  $10 b i l l i o n  o f  government 

funds p l u s  subs tan t ia l  p r i v a t e  funds t o  develop t h e  breeder i n t o  a 

commercially v i a b l e  energy o p t i o n .  * 
D r .  Seamans h imsel f  has  s a i d ,  "The u n s t a b l e  f i n a n c i a l  s i t u a t i o r  

has  c e r t a i n l y  c o n t r i b u t e d  t o  problems i n  t h e  development of t h e  

f a s t  b r e e d e r  ... c o s t  over-runs have f a r  exceeded t h e  r a t e  of 

i n f l a t i o n .  I' ** 

Electr ical  Demand 

Although 1974 and 1975 have been d e s i g n a t e d  " s h r i n k  y e a r s "  

t h a t  have caused t h e  Edison E lec t r i c  I n s t i t u t e ,  E lec t r i ca l  World, 

and t h e  F e d e r a l  Power Commission, as w e l l  as var ious  e lectr ical  

u t i l i t y  and manufactur ing c o r p o r a t i o n s  t o  r e v i s e  t h e i r  former p re -  

d i c t i o n s  of  f u t u r e  e l ec t r i ca l  growth r a t e s ,  t h e  S ta t emen t  e x p l i -  

c i t l y  re jec ts  t h i s  c o u r s e ,  c o n s i d e r i n g  it "most p ruden t "  t o  c e n t e r  

i t s  own demand p r o j e c t i o n s  on h i s t o r i c a l  expe r i ence  (p .  11 .2-55) .  

T h i s  is in c o n t r a d i c t i o n  of i t s  own admission that "Any p r o j e c t i o n  

model used t o  es t imate  e l ec t r i ca l  energy growth depends d i r e c t l y  

on t h e  cont inued  r e l e v a n c e  of  t h e  parameters  s e l e c t e d "  (p .  11.2-57) 

Parameters used i n  t h e  S ta tement  t o  D r e d i c t  f u t u r e  e l e c t r i c a l  

demand are p o p u l a t i o n  growth,  s i z e  of work f o r c e ,  ra tes  of labor 

p r o d u c t i v i t y ,  g r o s s  n a t i o n a l  p roduc t ,  and t o t a l  energy demand 

(D. 11.2-53) .  These are i n f l a t e d  i n  t h e  S ta tement  i n  eve ry  c a s e ,  

e i t h e r  because t h e  d a t a  used were s e v e r a l  y e a r s  o l d ,  o r  because  of  

* F e d e r a l  R e g i s t e r ,  Vo.  40 ;No.  17 ,  January  2 4 ,  1975, p .  3806.  

** "Speeches" ,  In fo rma t ion  from ERDA, February 26, 1975,  p .  4. 
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an unwi l l i ngness  t o  accept t h e  r e l e v a n c e  of  changed c i rcumstances .  

N o  s e r i o u s  e v a l u a t i o n  w a s  made of t h e  f u t u r e  impact  of t h e  d r a s t i c  

d e c l i n e s  which have occur red  s i n c e  September 1 9 7 4 ,  o r  of t h e  p o s s i -  

b l e  impacts  of proposed F e d e r a l  programs such as  P r o j e c t  

Independence. 

The c o s t - b e n e f i t  a n a l y s i s  does  n o t  i n c o r p o r a t e  new in fo rma t ion .  

I t  con t inues  t o  assume t h e  h i s t o r i c  i n c r e a s e  i n  e l ec t r i ca l  demand of 

7.8% p e r  y e a r  till 1 9 8 0  (p .  1 1 . 2 - 9 )  whereas i n  1 9 7 4  demand a c t u a l l y  

dec reased  .56% below t h e  1973 l e v e l , * a n d  t h e  f i r s t  t w o  months of 

1 9 7 5  showed only  a 4 %  i n c r e a s e .  I n s t a n c e s  are c i ted  b e l o w  where 

v a l u e s  of parameters  used i n  t h e  S ta tement  d e v i a t e  from t h o s e  of 

o t h e r  e x p e r t s  o r  from r e c e n t  expe r i ence .  These comments are  o f f e r -  

ed  n o t  on ly  f o r  t h e  pe rcen tage  d i f f e r e n c e s  they  s u g g e s t ,  b u t  a l s o  

a s  an e v a l u a t i o n  of  t h e  S t a t e m e n t ' s  methodology. 

**I1975 Annual S t a t i s t i c a l  Repor t" ,  E l ec t r i ca l  World, March 15  , 1975 , 
p .  66. 
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P opu 1 a t  i on  

E s t i m a t e d  P o p u l a t i o n  D i f f e r e n c e  f rom 
S o u r c e  o f  f e r t i l i t y  by t h e  y e a r  S t a t e m e r i t ' s  
p r o j e c t i o n  r a t e  - 200 0 ( m i l l i o n s )  p r o j e c t i o n  

* S t a t e m e n t ,  b a s e d  on 
1972 B u r e a u  of Census  2 . 1  271  

** 1972 Dep t .  of I n t e r i o r  2 .4  279 .9  + 3 %  

* * *  1975  Bureau of Census 2 . 1  26 2 - 3 . 4 %  

* * * *  1972 P l a n n e d  P a r e n t h o o d  2 . 1  271  

*****  1974 P l a n n e d  P a r e n t h o o d  " t o  be revised" 

* * * * * *  1 9 7 4  E l e c t r i c a l  World 
( e x t r a p o l a t e d )  256 - -6 % 

* * * * * * *  1974 C o u n c i l  on  E n v i r o n -  
m e n t a l  Q u a l i t y  1 . 8  250 - 8 %  

* * *  1975  B u r e a u  of Census  1 . 7  24  5 -10% 

* p .  11 .2 -53 .  

**p. 2 . 1 - 1 6 .  

***News Release CB75-29, U.S. Dept .  of Commerce, F e b r u a r y  1 0 ,  1 9 7 5 .  

* * * * P o p u l a t i o n  B o o m  o r  B u s t ? ,  P l a n n e d  P a r e n t h o o d  World P o p u l a t i o n ,  
N . Y . .  October 1972.  

*****Lawrence A .  Mayer ,  " I t ' s  a Bear M a r k e t  f o r  Bab ies ,  TOO" ,  
F o r t u n e  Magaz ine ,  D e c e m b e r , l 9 7 4 ,  p. 137 .  

******Leonard  M. O l m s t e d ,  " 2 5 t h  Annual  E l e c t r i c a l  I n d u s t r y  F o r e c a s t " ,  
E l e c t r i c a l  Wor ld ,  S e p t e m b e r  1 5 ,  1 9 7 4 ,  p .  44 .  

*******A N a t i o n a l  Ene rgy  Conse rvaJ ion  P rogram:  
P l a n ,  C o u n c i l  on E n v i r o n m e n t a l  Q u a l i t y ,  March 1 9 7 4 ,  p .  6 .  

The H a l f  and  H a l f  

********Dana L i t t l e ,  " M a r r i a g e s  on  t h e  D e c l i n e " ,  N e w  York T i m e s ,  
March 1, 1 9 7 5 ,  p .  1 8 .  
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Size  of Work Force 

Statement:  The e f f e c t s  of changes i n  age composition of t h e  popu- 

l a t i o n ,  which a f f e c t  t h e  s i z e  of t h e  work f o r c e ,  w i l l  not  be 

apparent  u n t i l  t h e  l a t e  1 9 9 0 s  (p .  11.2-53). 

McGraw H i l l :  The U . S .  l abo r  f o r c e ,  because of  t h e  changing age 

composition of o u r  popula t ion ,  w i l l  grow less r a p i d l y  beginning 

wi th  t h e  l a t e  1970s." 

Labor P roduc t iv i tv  

Statement:  2.6% increase/employee/year till 2020 (p .  11.2-53). 

McGraw-Hill: 2.3% increase/employee/year till 1988.""  

Gross Nat iona l  Product 

source  Annual growth r a t e  

*** Statement  p r o j e c t i o n  Histor ical  (3 .7%)  

**** 1973 E l e c t r i c a l  World p r o j e c t i o n  3.7% t o  1 9 9 0  

**** 1974  E l e c t r i c a l  World p r o j e c t i o n  3.0% t o  1995 

*****  A c t u a l  GNP, 1 9 7 4  -2.1% 

******  1975 E l e c t r i c a l  World p r o j e c t i o n  
f o r  1975 

-2.3% 

*Economics Department , The American Economy: Prospec ts  f o r  Growth 
t o  1 9 8 8 ,  McGraw-Hill, I n c . ,  N . Y . ,  1 9 7 5 ,  p. 4. 

**Ibid . ,  pp. 5 ,  6 .  

***p. 11.2-53. 

****Olmsted, op. c i t .  
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P r i c e  E l a s t i c i t y  

Seventy-e ight  u t i l i t y  companies r eques t ed  pr ice  i n c r e a s e s  

i n  1974, t r i p l i n g  t h e  amount p e r  i n c r e a s e  over 1970.* Although 

t h e  c o s t - b e n e f i t  a n a l y s i s  does  n o t  c o n s i d e r  p r i c e  e l a s t i c i t y ,  

t h e  average  2 4 %  i n c r e a s e  i n  t h e  p r i c e  of  e l e c t r i c i t y  i n  1 9 7 4  

shou ld ,  u s ing  t h e  Chapman, T y r r e l l  and Mount a n a l y s i s , * *  

e v e n t u a l l y  l e a d  t o  a demand 36% less t h a n  it would o t h e r w i s e  

have been. 

d rop  o f  3 . 6 %  by t h e  end of 1975. 

Conclusion 

A drop  of 18% would be appa ren t  i n  1981,  w i t h  a 

WASH-1535, t h e  Proposed F i n a l  Environmental  S t a t emen t  f o r  

t h e  Liquid  Metal F a s t  Breeder  Reactor  Program, i s  t h e  o b s o l e t e  

v i e i z n  cf ?. XY 2efxict  2Gcnc-y. 

uncountable  f u t u r e  g e n e r a t i o n s  of  humans were committed t o  t h e  

i r r e v e r s i b l e  e f f e c t s  and i r r e t r i e v a b l e  l o s s e s  imposed by b r e e d e r  

development,  s imply because p rope r  e v a l u a t i o n  o f  t h e  program was 

impeded du r ing  an a d m i n i s t r a t i v e  t r a n s i t i o n .  

I t  would be  t rag ic  indeed iL' 

9 

With c a p i t a l  format ion  among t h e  most s e r i o u s  problems 

f a c i n g  t h e  n a t i o n ,  cont inued  inves tment  i n  t h i s  program would i n -  

e v i t a b l y  f o r e c l o s e  t h e  development o f  o t h e r  energy o p t i o n s  which 

ERDA, i n  i t s  comprehensive p l a n ,  and w i t h  i t s  expanded a u t h o r i t y ,  

may choose t o  emphasize.  

*"1975 Annual S t a t i s t i c a l  Report"  , p. 68. 

**Duane Chapman, Timothy T y r r e l l ,  and Timothy Mount, " E l e c t r i c i t y  
Demand Growth and t h e  Energy Crises" ,  S c i e n c e ,  Vol. 178,  
November 1 7 ,  1972, pp. 703-8. 
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Comparison o f  t h e  Mandates o f  t h e  AEC 
Under t h e  Atomic Energy A c t  o f  1946 ( a n d  
1954,  Amended) and ERDA Under t h e  E n e r g y  
R e o r a a n i z a t i o n  A c t  of 1974 and t h e  Fcd- 
era1 Nonnuclear  Energy Research and Dev- 
e lopment  A c t  o f  1974 

Paramount  O b i  e c t i v e  

AEC 
1946 : 

1954 : 

E RDA 
ERA: 

To assure common d e f e n s e ,  w i t h  development  
and  u t i l i z a t i o n  o f  atomic e n e r g y .  So f a r  as 
p r a c t i c a b l e ,  t o  improve t h e  common w e l f a r e  
(Sec. 1 (a)  1 .  

To make minimum c o n t r i b u t i o n  t o  t h e  common 
d e f e n s e  and s e c u r i t y  (Sec. l ( a ) ) .  

To i n c r e a s e  t h e  e f f i c i e n c y  and r e l i a b i l i t y  o f  
t h e  u s e  of  a l l  energy  s o u r c e s  t o  meet t h e  needs  
of  p r e s e n t  and f u t u r e  g e n e r a t i o n s ,  w h i l e  re- 

s t o r i n g ,  p r o t e c t i n s  and enhancing  envi ronmenta l  
q u a l i t y  and a s s u r i n g  p u b l i c  h e a l t h  and s a f e t y  
(Sec .  2 ( a ) ) .  

F'NERDA: 
To s u p p o r t  t h e  b r o a d e s t  r a n g e  o f  e n e r g y  p o l i c y  
o p t i o n s  t h r o u g h  c o n s e r v a t i o n  and u s e  o f  d o m e s t i c  
r e s o u r c e s  by s o c i a l l y  and e n v i r o n m e n t a l l y  accept- 
able means (Sec .  3 ( a )  ) . 

O f f i c e r s  ( i n  o r d e r  of ment ion)  

A E C  - 
1954: G e n e r a l  Manaser,  

d .  

Director of t h e  D i v i s i o n  o f  M i l i t a r y  A p p l i c a t i o n ,  
Director of t he  D i v i s i o n  of C i v i l i a n  U s e s  o f  

A t o m i c  Energy,  
G e n e r a l  Counse l ,  
Director o f  t h e  I n s p e c t i o n  D i v i s i o n  (Sec. 2 5 ) .  

ERDA 
ERA: A d m i n i s t r a t o r  , 

Deputy A d m i n i s t r a t o r ,  
6 A s s i s t a n t  A d m i n i s t r a t o r s  o f :  

1) f o s s i l  energy  
2 )  n u c l e a r  energy  
3 )  envi ronment  and s a f e t y  
-4 )  c o n s e r v a t i o n  

6) n a t i o n a l  s e c u r i t y  
5 )  sol il I ; ,;'2< lthcr!!!zl and 2dvaEccCi CilCl^JL' s y s  iellls 
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General Counsel ,  
U p  to  8 a d d i t i o n a l  o f f i c e r s ,  
D i r e c t o r  of M i l i t a r y  App l i ca t ion  
(Sec. 102 ( a )  through ( 9 ) ) .  

Primary Research and Development R e s p o n s i b i l i t y  

AEC 
1954 :  R&D r e l a t e d  t o  n u c l e a r  p r o c e s s e s ,  a tomic 

ene rgy ,  u t i l i z a t i o n  of  n u c l e a r  and radio- 
a c t i v e  mater ia ls  (Sec.  31 ( a )  ) . 

E RDA 
ERA: R&D,  i n c l u d i n g  demonst ra t ion  o f  commercial 

f e a s i b i l i t y  and p r a c t i c a l  a p p l i c a t i o n s  of 
t h e  ex t rac t ion  , convers ion  , storage , t r a n s -  
mis s ion  and u t i l i z a t i o n  phases  r e l a t e d  t o  t h e  
development and use of energy from f o s s i l ,  
n u c l e a r ,  so l a r ,  geothermal ,  and o t h e r  energy 
s o u r c e s  (Sec. 103 (2)). 
P r i o r i t y  might  i n c l u d e  b u t  n o t  b e  l i m i t e d  t o  
v a r i o u s  so la r  t echno log ie s  (Sec. 2 (e) 1 . 

Comprehensive Energy P o l i c y  P lanning  

AEC - 
N o t  i nc luded .  

ERDA 
ERA: C e n t r a l  r e s p o n s i b i l i t y  f o r  near- term and long-  

range  p o l i c y  p l ann ing ,  r e s p e c t i n g  a l l  energy  
sources  (Sec.  103 (1)) . 

FNE RDA : 
T o  p r e p a r e  an  annual  comprehensive p l a n  f o r  
energy r e s e a r c h  , development and demonst ra t ion  , 
i n  r e g a r d  to  s h o r t ,  middle ,  and long-term s o l u -  
t i o n s ,  e v a l u a t i n g  economic, envi ronmenta l ,  t ech -  
n o l o g i c a l  and s o c i a l  merits, and i n c l u d i n g  a 
program t o  implement nonnuclear  a s p e c t s  of t h e  
p l a n  (Sec.  5 ( a )  ( 2 )  ; 6 !:a) and (b)  , (1) through (3 )  , 
(A) th rough (Q) 1 . 

Repor ts  t o  Congress 

AEC - 
1946: A r e p o r t  t o  Congress each  January  and J u l y ,  con- 

c e r n i n g  t h e i r  a c t i v i t i e s ,  i n c l u d i n g  recommenda- 
t i o n s  f o r  new 1 e g i s l a t i . o n  (Sec.  1 7 ) .  
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1954: Same (Sec .  2 5 1 ) .  

ERDA 
ERA: A r e p o r t  t o  t h e  P r e s i d e n t  and Congress  a t  t h e  

e n d  o f  e a c h  f i s c a l  y e a r  c o n c e r n i n g  t h e i r  a c t i v i t i e s  , 
w i t h  a s t a t e m e n t  o f  s h o r t  and long-range  g o a l s ,  
p r i o r i t i e s  and p l a n s ,  and a s s e s s m e n t  o f  p r o -  
gress (Sec .  307 ( a ) ) .  
Note: The N u c l e a r  R e g u l a t o r y  Commission h a s  t o  
s u b m i t  a r e p o r t  w i t h  t h e  same c o n t e n t  as it 
relates to  b e n e f i t s ,  costs ,  and r i s k s  o f  commer- 
c i a l  nuclear power,  i n c l u d i n g  d e s i g n ,  abnormal  
o c c u r r e n c e s  and d e f e c t s ,  s a f e g u a r d s ,  t h e f t s ,  
waste d i s p o s a l  , and p r o t e c t i o n  a g a i n s t  l o w -  
l e v e l  r a d i o a c t i v e  e m i s s i o n s  (Sec. 307 (c)  ) : 

FNE RDA : 
A r e p o r t  t o  Congress  on o r  b e f o r e  e a c h  J u n e  30 
as i n  "Comprehensive Energy P o l i c y  P l a n n i n g "  
above (Sec. 6 )  . 

I n f o r m a t i o n  t o  t h e  P u b l i c  

AEC - 
1954: P e r m i t s  and encoiirages dissemination of sei- 

e n t i f i c  and t e c h n i c a l  i n f o r m a t i o n  r e l a t i n g  t o  
atomic energy  (Sec. 141(b)  ) . 

ERDA 
ERA: R e s p o n s i b l e  f o r  d e v e l o p i n g ,  c o l l e c t i n g ,  d i s -  

t r i b u t i n g ,  and making avai lable  f o r  d i s t r i -  
b u t i o n ,  s c i e n t i f i c  and t e c h n i c a l  i n f o r m a t i o n  
c o n c e r n i n g  t h e  manufac ture  or  development  of 
energy  and i t s  e f f i c i e n t  e x t r a c t i o n ,  c o n v e r s i o n ,  
t r a n s m i s s i o n ,  and u t i l i z a t i o n  (Sec. 1 0 3 ( 6 ) ) ; f o r  
c r e a t i n g  and e n c o u r a g i n g  g e n e r a l  i n f o r m a t i o n  t o  
t h e  p u b l i c  on a l l  energy  c o n s e r v a t i o n  t e c h n o l o g i e s  
and  e n e r g y  s o u r c e s  , u s i n g  mass communicat ions 
where p r a c t i c a b l e  (Sec. 1 0 3 ( 7 ) ) ; a n d  for  d i s s e m i n a -  
t i n g  i n f o r m a t i o n  from i t s  p o l i c y  p l a n n i n g  e f f o r t s  
(Sec. 1 0 3  (1) 1 .  

I n t e r n a t i o n a l  C o o p e r a t i o n  

AEC - 
1946:  Maximum e f f e c t  was t o  b e  g i v e n  t o  p o l i c i e s  

c o n t a i n e d  i n  i n t e r n a t i o n a l  t r e a t i e s  (Sec. 8 ) .  

1954:  Sanie as above ,  b u t  no c o o p e r a t i o n  w a s  t o  b e  
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under taken  i n  o t h e r  i n s t a n c e s  u n t i l  t h e  P r e -  
s i d e n t  and J o i n t  Committee approved t h e  agree- 
ment (Sec.  1 2 1 ,  1 2 2 ,  123,  1 4 4 ) .  

ERDA - 
ERA: Encourages p a r t i c i p a t i o n  i n  i n t e r n a t i o n a l  

coope ra t ion  i n  energy and r e l a t e d  env i ron -  
menta l  r e s e a r c h  and development (Sec.  1 0 3 ( 9 ) ) .  

M i l i t a r y  App l i ca t ions  

AEC - 
1946: To conduct  R & D  i n t o  m i l i t a r y  a p p l i c a t i o n s  of 

a tomic  energy ,  produce a tomic  weapons and d e l i v e r  
them t o  t h e  armed f o r c e s  (Sec .  6 ( a )  ) . 

1954: Same, t o  Department o f  Defens; (Sec.  9 1 ) .  

E RDA 
ERA: Durinq f i r s t  year o f  o p e r a t i o n ,  t o  review 

d e s i r a b i l i t y  &d f e a s i b i l i t y  of  t r a n s f e r r i n g  
a l l  m i l i t a r y  a p p l i c a t i o n s  t o  t h e  Department 
of Defense o r  o t h e r  Fede ra l  agency (Sec. 3 0 7 ( b ) ) .  

Hea l th  and S a f e t y  Research 

AEC - 
1946: R e l a t i n q  t o  u t i l i z a t i o n  o f  f i s s i o n a b l e  and r a d i o -  

a c t i v e  ka t e r i a l s  f o r  medical  I b i o l o g i c a l  , and 
h e a l t h  o r  m i l i t a r y  purposes  (Sec. 3 ( a )  ( 3 ) )  and 
t h e  p r o t e c t i o n  of h e a l t h  d u r i n g  r e s e a r c h  and pro-  
d u c t i o n  a c t i v i t i e s  (Sec.  3 ( a )  ( 5 )  ) .  

1954: R e l a t i n g  t o  u t i l i z a t i o n  o f  s p e c i a l  n u c l e a r  and 
r a d i o a c t i v e  material  €or  medical, b i o l o g i c a l ,  
a g r i c u l t u r a l ,  h e a l t h  o r  m i l i t a r y  purposes  (Sec. 31 
'(a) ( 3 ) )  and t h e  p r o t e c t i o n  o f  h e a l t h  and pro-  
motion o f  s a f e t y  du r ing  r e s e a r c h  and p roduc t ion  
a c t i v i t i e s  (Sec.  3 1 ( a )  ( 5 ) ) .  

ERDA 
ERA: Engaging i n  and s u p p o r t i n g  env i ronmen ta l ,  b io -  

med ica l ,  p h y s i c a l  and s a f e t y  r e s e a r c h  r e l a t e d  
t o  t h e  development of  energy sources  arid u t i l i -  
z a t i o n  t echno log ie s  (Sec.  1 0 3  ( 3 )  ) . 

Conserva t ion  o f  Energy' 

AEC - 
N o t  i nc luded .  
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ERDA 
ERA: Encouraging and conduct ing R & D  i n  energy  

c o n s e r v a t i o n ,  toward g o a l  of  maximum r e d u c t i o n  
of t o t a l  energy consumption and maximum improve- 
ment i n  e f f i c i e n c y  of  energy use  (Sec .  103(8)). 
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CHAPTER I1 11-1 

THE POTENTIAL FOR A HYPOTHETICAL CORE 
DISRUPTIVE ACCIDENT 

For more than  t h i r t y  y e a r s  t h e  A t o m i c  Energy Commission has  

t r i e d  t o  p e r f e c t  a method o f  producing  e l e c t r i c i t y  from plutonium. 

The e f f o r t  has  n o t  so  f a r  been marked by s u c c e s s .  The f i r s t  

commercial LMFBR, t h e  E n r i c o  Fermi r e a c t o r  n e a r  Det ro i t ,  s u f f e r e d  

a d i s a b l i n g  a c c i d e n t  i n  1966 b e f o r e  it could  produce a p p r e c i a b l e  

amounts of e l e c t r i c i t y ,  and i s  now be ing  d ismant led  w i t h  g r e a t  

d i f f i c u l t y .  Cons t ruc t ion  o f  a l a r g e r  and h o p e f u l l y  more r e l i a b l e  

s u c c e s o r  was t o  have begun i n  1971. The ten-volume "Program P l a n "  

f o r  t h e  LMFBR i s s u e d  by t h e  AJ3C i n  1968 (WASH-1110) env i s ioned  

t h e  t h i r d  demonst ra t ion  p l a n t  (no t  coun t ing  Fermi) under  con- 

s t r u c t i o n  i n  1975. 

These hopes have n o t  been r e a l i s e d .  Plagued by t e c h n i c a l  

d i f f i c u l t i e s ,  e x t r a o r d i n a r y  e s c a l a t i o n s  i n  c o s t  and most of 

a l l  by t h e  A E C ' s  i n a b i l i t y  t o  produce a s a t i s f a c t o r y  j u s t i f i c a t i o n  

f o r  t h e  program, t h e  LMFBR seems as f a r  from r e a l i z a t i o n  as e v e r .  

The LMFBR poses  t h r e e  very s e r i o u s  r i s k s ,  which s t e m  from 

i t s  c e n t r a l  r e l i a n c e  on plutonium. I n  p r i n c i p l e ,  IJMFBRs can 

explode .  Plutonium can b e  s t o l e n .  Plutonium is t h e  most 

t o x i c  subs t ance  known. I n  a broad  s e n s e ,  t h e r e f o r e ,  t h e  s a f e t y  

of LMF'BRs i s  c r i t i c a l ,  and a proposed program must be accep ted  

or r e j e c t e d  on t h e  b a s i s  o f  t h e  r i s k s  i t  w i l l  create.  Hence, 

t h e  S ta tement  - shou ld  i d e n t i f y  t h e s e  r i s k s  c l e a r l y  so t h a t  a 

s e n s i b l e  d e c i s i o n  can be  made. Unfo r tuna te ly ,  i t  does n o t  

p rov ide  an adequate  assessment  of  r i s k s ,  b u t  i n s t e a d  t a k e s  

r e fuge  i n  u n c e r t a i n t y  and t h e  hope t h a t  doubts  w i l : l  be r e so lved  
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i n  f a v o r  o f  t h e  program. 

S a f e t y  haza rds  i n  t h e  LMF'BR program are  i n  t h e o r y  very  

g r e a t .  Without r e g a r d  t o  p r a c t i c a l  l i k e l i h o o d  o r  t h e  a c t u a l  

des ign  o f  a p l a n t ,  w e  can say  it i s  p o s s i b l e  f o r  t h e  f u e l  o f  

an LMFBR t o  undergo a nuc lea r  explosion. This fo l lows  from 

t h e  use  of t w o  t o n s  of plutonium i n  a form which,  w i thou t  

f u r t h e r  a l t e r a t i o n ,  can be made t o  explode .  The c r i t i c a l  m a s s  

of LMFBR f u e l  i s  e s t i m a t e d  v a r i o u s l y  as between 30 and 60  

k i lograms (p.V.20-7)-roughly one hundred pounds - or  a ve ry  

s m a l l  f r a c t i o n  o f  t h e  t o n s  of  f u e l  a v a i l a b l e  i n  a power p l a n t .  

From t h i s  it fo l lows  as w e l l  t h a t  a s m a l l  p a r t  of  a p l a n t ' s  

f u e l  may be s t o l e n  and made i n t o  a n u c l e a r  weapon. 

On t h i s  p o i n t  t h e r e  has  never  been any d i s p u t e ,  a l though  

t h e  AEC h a s  a s s iduous ly  avoided t h e  t e r m  "explos ion" .  The 

a c c e p t a b l e  l o c u t i o n  i s  " h y p o t h e t i c a l  c o r e  d i s r u p t i v e  a c c i d e n t "  

(HCDA) or " c o r e  d isassembly" .  I n  our  comments on t h e  d r a f t  

s t a t e m e n t ,  SIP1 p o i n t e d  o u t  t h a t  "disassembly" i s  aeuphemism 

for  an e x p l o s i o n ,  which t h e  S ta tement  somewhat p e t t i s h l y  

concedes : 

The d isassembly  p rocess  has  o f t e n  been referred t o  as 
an "exp los ion" .  T e c h n i c a l l y ,  t h e  t e r m  e x p l o s i o n  cou ld  
be  used i n  t h a t  one of t h e  f o r c e s  c o n t r i b u t i n g  t o  t h e  
d isassembly  can be  f u e l  vapor .  However, i n  v i r t u a l l y  
eve ry  i n s t a n c e ,  o t h e r  e a r l i e r  a c t i n g  f o r c e s  are  a v a i l -  
able. . .  (p.4.2-146). 

One might wonder why t h e  t e r m  "exp los ion"  should  be 

l i m i t e d  t o  t h e  case i n  which vapor i zed  f u e l  expands r a p i d l y  

enough t o  do t h e  damage w i t h  which w e  are concerned.  Would 

"d isassembly"  by r a p i d l y  expanding sodium vapor n o t  be a n  

"exp los ion t t ?  The American Her i t age  Dic t iona ry  d e f i n e s  t h e  
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word as "A sudden r a p i d  v i o l e n t  release of  mechanica l ,  chemical  

or n u c l e a r  energy from a conf ined  r eg ion" ,  which seems t o  cover  

t h e  ground p r e t t y  w e l l .  But perhaps  t h e  AEC's concern i s  more 

c l e a r l y  expres sed  i n  t h e  f i n a l  s en tence  o f  t h e  paragraph  j u s t  

quo ted  : 

It  i s  a b s o l u t e l y  imposs ib l e  f o r  any n u c l e a r  i n c i d e n t  
t o  l e a d  t o  e x p l o s i o n s  o f  t h e  magnitude a s s o c i a t e d  w i t h  
n u c l e a r  weapons, t h a t  is, many thousands of t o n s  of 
e x p l o s i v e  e q u i v a l e n t .  

Th i s  i n d i c a t e s  f a i r l y  c l e a r l y  t h e  concern about  t h i s  

w o r d  - the AEC would  not like LMFBRs linked in the imagination 

w i t h  n u c l e a r  weapons. The concern ,  i n  s h o r t ,  i s  riot f o r  tech-  

n i c a l  accuracy  b u t  f o r  p u b l i c  r e l a t i o n s .  

Nor i s  t h i s  a minor p o i n t .  The s a f e t y  o f  n u c l e a r  power 

i s  a d e c i s i v e  i s s u e ,  and t h e  s a f e t y  of LMFBRs depends decisively 

on t h e i r  p o t e n t i a l  f o r  e x p l o s i o n  - i f  t h e  p l a n t s  are found t o  

be  l i k e l y  t o  s u f f e r  e x p l o s i o n s  t h a t  release r a d i a t i o n  i t  seems 

very  u n l i k e l y  they  w i l l  e v e r  b e  b u i l t  i n  a popu la t ed  coun t ry .  

The impor tance  o f  t h i s  p o i n t  i s  c lear  once w e  beg in  t o  t a l k  

about  t h e  p o s s i b i l i t y  o f  exp los ions  i n  t h e  f u e l  of an LMFBR. 

A n  e x p l o s i o n  s e v e r e  enough t o  r u p t u r e  t h e  p r o t e c t i v e  e n c l o s u r e s  

and d i s p e r s e  a l a r g e  q u a n t i t y  of  plutonium and r a d i o a c t i v e  

wastes i n t o  t h e  a i r  i s  p r e c i s e l y  t h e  e v e n t  w e  are concerned 

about .  A mere d i s r u p t i o n  o f  t h e  c o r e ,  or f u e l ,  w h i l e  it 

might c o s t  some power company and i t s  customers  t h e  b i l l i o n  

d o l l a r s  o r  so i n v e s t e d  i n  t h e  p l a n t ,  would be  a m a t t e r  o f  

less concern.  

Because i t  i s  p r e c i s e l y  t h e  e x p l o s i v e  p o t e n t i a l  of 
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a c c i d e n t s  t h a t  i s  of concern ,  it used t o  be  r o u t i n e  t o  d e s c r i b e  

t h e s e o c c u r r e n c e s  i n  terms of  e q u i v a l e n t  weights  of TNT. I n  

t h e  f i r s t  d e t a i l e d  program p l a n  f o r  t h e  LMFBR, f o r  i n s t a n c e ,  

pub l i shed  i n  1968 when p u b l i c  a t t e n t i o n  was perhaps  less a c u t e l y  

focused on these matters,  "explos ion"  i s  t h e  word of cho ice :  

Nuclear  B u r s t s :  For  b o t h  E B R - I 1  and F e r m i ,  e x p l o s i v e  
energy  releases from n u c l e a r  b u r s t s  as w e l l  as sodium- 
a i r  r e a c t i o n s  were cons ide red  as d e s i g n  b a s i s  a c c i d e n t s . .  .. 
The meltdown-reassembly ... a c c i d e n t s  were c a l c u l a t e d  t o  
produce energy releases roughly e q u i v a l e n t  t o  t h e  de- 
t o n a t i o n  o f  300 t o  500 1b.TNT. Th i s  was used as t h e  
d e s i g n  b a s i s  f o r  t h e  b l a s t  and m i s s i l e  s h i e l d i n g . *  

A t  a n o t h e r  p o i n t  i n  t h e  d i s c u s s i o n  t h i s  e a r l y  r e p o r t  p o i n t s  

o u t  t h a t  t h e  t r a n s l a t i o n  o f  a c c i d e n t s  i n t o  e q u i v a l e n t  we igh t s  

o f  TNT e x p l o s i o n  i s  merely sho r thand ,  and t h a t  r e f e r e n c e s  

shou ld  always be  inc luded  t o  d e s c r i b e  t h e  a c t u a l  release of 

eneryy  more Frcciscl;.. Zit t h e  usage i s  r e t a i n e d ,  and for 

good r eason ,  s i n c e  i t  i s  t h e  p o s s i b i l i t y  of an  e x p l o s i o n  which 

concerns  us .  

An e x p l o s i o n  i s  conceded , t h e r e f o r e  , as a p o s s i b i l i t y .  

Is an e x p l o s i o n  a p r a c t i c a l  as w e l l  as a t h e o r e t i c a l  p o s s i b i l i t y  - 
and how l a r g e  would o r  c o u l d  such an e x p l o s i o n  be? 

Th i s  q u e s t i o n  i s  o r d i n a r i l y  p u t  i n  a d i f f e r e n t  form. The 

t h e o r e t i c a l  p o s s i b i l i t y  of an e x p l o s i o n  be ing  conceded, t h e  

i s s u e  i s  whether  w e  can p u t  some p r a c t i c a l  upper  l i m i t  on t h e  

exp los ion ,  and b u i l d  a power p l a n t  s t r u c t u r e  s t r o n g  enough t o  

c o n t a i n  it. As t h e  AEC p o i n t e d  o u t ,  a n u c l e a r  weapon w i t h  t h e  
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f o r c e  o f  thousands o f  t o n s  of TNT which no s t r u c t u r e  conce ivable  

could  w i t h s t a n d ,  seems t o  b e  o u t  o f  t h e  q u e s t i o n .  Pu rpose fu l  

des ign  i s  needed t o  produce e x p l o s i o n s  of t h i s  s i z e .  That  i s  

n o t  a ve ry  comfor tab le  upper  bound - b u t ,  as t h e  S ta tement  

i m p l i c i t l y  concedes,  it is  t h e  only one which can be drawn 

w i t h  c e r t a i n t y .  

-- 

A hundred pounds or less of  p lu tonium i s  capable of  

undergoing a n u c l e a r  e x p l o s i o n ,  There are c i rcumstances  i n  

which a plant's fuel may melt - a portion of the Fermi's fuel 
melted i n  t h e  a c c i d e n t  which s h u t  it down. I n  an a c c i d e n t  

more s e v e r e  t h a n  one which has  y e t  occu r red  i n  a commercial 

power p l a n t ,  a l l  o r  much o f  t h e  f u e l  may m e l t .  How can  w e  

know t h a t  a s m a l l  f r a c t i o n  of  t h i s  f u e l  w i l l  n o t  c o l l e c t  o r  

be compressec! z n t i l  it , A , , o d ~ ~ ?  e---' The ei@iciitisrii f o r  such drl 

occur rence  i s  " a u t o c a t a i y t i c  r e c r i t i c a l i t y " .  There are s e v e r a l  

conce ivab le  ways i n  which a power p l a n t ' s  f u e l ,  fo l lowing  an 

a c c i d e n t ,  might b e  c o l l e c t e d  i n t o  an e x p l o s i v e  c o n f i g u r a t i o n ,  

and s e v e r a l  are b r i e f l y  d i s c u s s e d  i n  t h e  S ta tement .  Here i s  

t h e  e n t i r e  d i s c u s s i o n  o f  one p o s s i b i l i t y  : 

An example of  t h i s  ( " a u t o c a t a l y t i c  r e c r i t i c a l i t y  " )  would 
be  a s i t u a t i o n  where a d isassembly  e x c u r s i o n  e j ec t s  molten 
mater ia l  o u t  a g a i n s t  t h e  su r round ing  s t r u c t u r e  where i t  
t empora r i ly  collects and goes c r i t i c a l .  Th i s  mode of 
r e c r i t i c a l i t y  i s  a t  l ea s t  concep tua l ly  p o s s i b l e  i n  l a r g e  
r e a c t o r s  ( r e f e r e n c e )  ; p lann ing  has  begun t o  e v a l u a t e  t h e  
e f f e c t s  of t h i s  mode of r e c r i t i c a l i t y .  

"Planning" a p p a r e n t l y  had begun somewhat e a r l i e r  fo r  

o t h e r  such  p o s s i b i l i t i e s ,  b u t  i n  eve ry  case one i s  faced  w i t h  

t h e  formidable  problem of p r e d i c t i n g  i n  d e t a i l  what w i l l  happen 

t o  t h e  t o n s  of plutonium and o t h e r  material  i n  a reac1:or's c o r e  

undcr c i rcumstanccs  w l i i c h  ;lave a l r eady  l e d  EO t h e  m e l t i n g  and 

n 
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g r o s s  d i s p e r s a l  o f  t h e  f u e l  w i t h i n  i t s  v e s s e l .  I t  i s  n o t  

s u r p r i s i n g  t h a t  e f f o r t s  t o  make such p r e d i c t i o n s  are con- 

s t a n t l y  be ing  d e f e a t e d  by t h e  appearance of new c o m p l e x i t i e s .  

I n  commenting on t h e  e a r l i e r  Draft S t a t e m e n t ,  NRDC had s a i d  

of t h i s  r e s e a r c h  : 

These r e s u l t s  f u r t h e r  demonst ra te  t h e  tremendous 
u n c e r t a i n t i e s  w i t h  r e s p e c t  t o  e s t i m a t i n g  t h e  e x p l o s i v e  
p o t e n t i a l  of these r e a c t o r s .  (p .  4.2-1 4 9 )  - 

To which t h e  S ta tement  r e p l i e s :  

I t  i s  t r u e  t h a t  s i g n i f i c a n t  u n c e r t a i n t i e s  e x i s t  i n  
t h e  a n a l y s i s  of r e c r i t i c a l i t y  s i t u a t i o n s .  I n  l a r g e  
measure,  t h e s e  u n c e r t a i n t i e s  stem from t h e  as y e t  
incomple te  r e s e a r c h  and development program: a n a l y t i c a l  
methods do n o t  p e r m i t  d e t a i l e d  assessment  of a l l  t h e  
c o n t r i b u t i n g  f a c t o r s  t h a t  would a f f e c t  t h e  outcome of  
such s i t u a t i o n s ,  i f  i ndeed  such s i t u a t i o n s  are  possible 
a t  a l l  ( i b i d . ) .  

The r e p o r t  t hen  goes on t o  argue  t h a t  t h e  s i t u a t i o n s  

abou t  which t h e r e  i s  so much u n c e r t a i n t y  are u n l i k e l y  t o  

ar ise ,  because  a l a r g e  e x p l o s i o n  seems t o  r e q u i r e  a l a r g e  

mass of f u e l  be ing  compacted q u i c k l y ,  and t h i s  would b e  

" p o s s i b l e  i n  on ly  a l i m i t e d  range  of  c i rcumstances" .  

e v e r  t h e  a c t u a l  e x p l o s i v e  p o t e n t i a l  of such an a c c i d e n t  would 

b e ,  and w e  admi t t ed ly  cannot  s a y  a t  t h i s  p o i n t ,  it i s  appa ren t -  

l y  an a c c i d e n t  of "low p r o b a b i l i t y " .  

What- 

N e i t h e r  t h e  AEC n o r ,  a p p a r e n t l y ,  anyone else i s  t h e r e f o r e  

i n  a p o s i t i o n  t o  draw an upper bound on t h e  f o r c e  of e x p l o s i o n s  

p o s s i b l e  i n  LMFBRs s h o r t  of t h e  f o r c e  of a n u c l e a r  weapon. A 

common-sense view would be  t h a t  no such upper  bound can  e v e r  

be  drawn. I m p l i c i t l y  conceding t h i s  p o i n t ,  t h e  AEC d e c l i n e d  

to  t a k e  i n t o  account  a l l  a c c i d e n t s  which are p h y s i c a l l y  p o s s i b l e .  

I n s t e a d ,  t h e  AEC chose  t o  r e l y  on i t s  r e s e a r c h  program t o  
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demonstrate t h a t  such acc iden t s  a r e  e i t h e r  so un l ike ly  t h a t  

they need n o t  be taken i n t o  account ,  or  t h a t  once i d e n t i f i e d  

and understood p rope r ly ,  adequate measures can be taken t o  

prevent  them. 

Unce r t a in t i e s  are not  l i m i t e d  t o  t h i s  c l a s s  of  a c c i d e n t s ,  

by any means. "Autoca ta ly t ic"  acc iden t s  are events  which fol low 

t h e  occurrence of an i n i t i a l  acc iden t  t h a t  damages t h e  r e a c t o r ' s  

f u e l  - a "hypo the t i ca l  core  d i s r u p t i v e  acc iden t "  t h a t  i t s e l f  

i s  o r  can be an explosion.  The g r e a t  concern wi th  t h e  second 

s t e p ,  t h e  a u t o c a t a l y t i c  a c c i d e n t ,  stems from t h e  r e a l i z a t i o n  

t h a t  t h e  i n i t i a l  acc iden t  i s  n e i t h e r  impossible  nor  improbable:  

With t h e  g r e a t e r  s o p h i s t i c a t i o n  of  a n a l y t i c a l  t o o l s  used 
t o  a i d  t h e  understanding of t h e  disassembly p rocess ,  t h e  
p o s s i b i l i t i e s  of an i n i t i a l l y  mild prompt c r i t i c a l  b u r s t  
have iiicieased, a t  l eas t  f o r  some HCDA events  a r i s i n g  
from l o s s  of flow and f a i l u r e  t o  scram. Secondary c r i t -  
i c a l i t i e s  correspondingly have been given i n c r e a s i n g  
emphasis i n  t h e  research  and development program. ( p . 4 . 2 - 1 4 8 ) .  

Which i s  t o  say ,  a mild f i r s t  explos ion  may se t  o f f  a 

more seve re  second explos ion ,  and'the AEC has found t h e  chances 

of t h e  f i r s t  exp los ion ' s  occur r ing  t o  be l a r g e r  than i t  thought 

a t  f i r s t .  

A s  t h i s  passage sugges t s ,  t h e  f i r s t  exp los ion ,  o r  d i s -  

r u p t i o n ,  might occur  from a s toppage of t h e  flow of  molten 

sodium which cools  t h e  f u e l .  Unlike p r e s e n t  water-cooled 

r e a c t o r s ,  which cannot func t ion  wi thout  t h e  flow of water  

through t h e  f u e l ,  LMFBRs s u f f e r  an inc reased  r a t e  of nuclear  

r e a c t i o n  i f  t h e i r  coolan t  i s  l o s t .  I f  t h e  r e a c t o r  i s  n o t  s h u t  

down, t h e  nuc lea r  r e a c t i o n s  w i l l  cont inue  t o  i n c r e a s e  u n t i l  

t h e  f u e l  i s  "d i s rup ted"  by t h e  energy r e l e a s e .  



V.66-35 

11-8 

I n  a commercial-s ize  ( 1 0 0 0  megawatt) p l a n t ,  such  a r e l e a s e  

of energy i s  ca l cu la t ed  t o  reach  no more t h a n  about  15,000 

megawatt-seconds ( 1 . 4 . 2 - 1 5 2 ) b e f o r e t h e  f u e l  i s  d i s p e r s e d ,  h a l t i n g  

t h e  release ( u n l e s s ,  of  cour se ,  t h e r e  i s  a second compaction 

of f u e l  somewhere i n  t h e  r e a c t o r  s e t t i n g  o f f  a second e x p l o s i o n ) .  

A megawatt-second i s  a q u a n t i t y  of  energy roughly e q u a l  t o  t h a t  

r e l e a s e d  by t h e  exp los ion  of a half-pound of TNT, so t h i s  release 

i s  comparable i n  terms of energy t o  t h e  exp los ion  of perhaps  

t h r e e  t o n s  of TNT. 

There i s  a d i f f e r e n c e ,  however, between t h e  energy  r e l e a s e d  

i n  t h e  n u c l e a r  r e a c t i o n s  and t h e  energy which would c o n t r i b u t e  

t o  an exp los ion .  The q u e s t i o n  i s ,  how much of t h e  n u c l e a r  

r e l e a s e  can be  conver ted  i n t o  a form capable  of  do ing  damage t o  

t h e  p h y s i c a l  s t r u c t u r e  of t h e  r e a c t o r  - of  doin? "work" i n  the 

p h y s i c i s t ' s  s ense .  The Sta tement  s a y s  t h a t  a t h e o r e t i c a l  l i m i t  

ha s  been c a l c u l a t e d ,  of abou t  1 0 % .  The a c t u a l  e x p l o s i o n ,  t h e r e -  

f o r e ,  s i m p l y  cannot  be greater than  abou t  6 0 0  pounds of TNT. 

Th i s  i s  n o t  as r e a s s u r i n g  as i t  might b e ,  s i n c e  a t  a n o t h e r  

p o i n t  t h e  S ta tement  s a y s  t h e  LMFBR i s  b u i l t  t o  w i t h s t a n d  only  

" s e v e r a l  hundred megawatt-seconds of work energy , o r  perhaps  

t h r e e  hundred pounds o f  TNT a t  t h e  most.  

Another d i s t u r b i n g  p o i n t  should  be  mentioned h e r e .  I n  

i t s  1968 program s t a t e m e n t ,  i n  a passage  quoted  above,  t h e  AEC 

c i t e d  what i t  then  thought  w a s  t h e  most c o n s e r v a t i v e  a n a l y s i s ,  

t h e  "Bethe-Tai t"  a n a l y s i s  , which produced estimates t h a t  an 

exp los ion  i n  a 1000-megawatt p l a n t  could  be no more than  t h e  

e q u i v a l e n t  o f  300-500 pounds of  TNT, which r e a c t o r s  were then  
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designed t o  wi ths tand .  The Bethe-Tait  a n a l y s i s  i s  about t w e n t y  

yea r s  o l d  now, and apparent ly  t h e  progress  of  research, has 

shown t h a t  t h e  e a r l i e r  "conserva t ive"  a n a l y s i s  w a s  t o o  o p t i m i s t i c ,  

and t h a t  better understanding has revea led  t h e  p o s s i b i l i t y  of 

worse acc iden t s .  

To r eas su re  u s ,  t h e  AEC no tes  t h a t  l abo ra to ry - sca l e  

experiments have no t  shown any apprec iab le  conversion of nuc lear  

energy t o  u s e f u l  work, and t h a t  t h e  observed conversion i n  t h e s e  

l abora to ry  experiments i s  less than  0 . 2  pe rcen t .  This i s  n o t  a s  

r e a s s u r i n g  as perhaps it i s  in tended  to  be.  The wide d i s p a r i t y  

between c a l c u l a t i o n  and experiment seems t o  i n d i c a t e  e i t h e r  

t h a t  t h e  experiments do not  pu rpor t  t o  t e s t  t h e  w o r s t  even t s  

i n  an acc iden t ,  o r  t h a t  t h e  c a l c u l a t i o n s  are wrong. Perhaps 

both  are t r u e .  

A l l  t h a t  seems c e r t a i n  i s  t h a t  w e  do n o t  know how b i g  an 

explos ion  i s  p o s s i b l e  o r  l i k e l y  i n  an LMFBR, and t h a t  c a l c u l a t i o n s  

are inadequate  t o  p r e d i c t  them. Perhaps f u l l - s c a l e  experiments  

i n  which f a s t  r e a c t o r s  are b u i l t  and then  melted down w i l l  pro- 

vide t h e  needed informat ion ,  b u t  t h e s e  are n o t  planned so f a r  

as t h e  p u b l i c  has  been t o l d .  

Once aga in ,  w e  a r e  faced wi th  t h e  need t o  r e l y  on f u t u r e  

research .  As a l ready  noted ,  however, t h e  advance of  knowledge 

does n o t  n e c e s s a r i l y  show t h e  r i s k s  of LMFBRs t o  be sma l l e r  

than  ignorance o r  prudence would have thought them. 

I n  t h e  second l a r g e  category of r i s k s  posed by t h e  LMFBR, 

t h c  hazards  of t h e f t  of plutonium, even less apparent ly  can 

now be s a i d  with c e r t a i n t y .  The Statement  acknowledges t h a t  

i t s  pzcscz t  security s y s t e n s  will n o t  be ade?(qUdiX to protcc-,  
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an  expanded plutonium-based e lectr ic  power i n d u s t r y ,  b u t  j u s t  

what measures w i l l  be  needed, and how w e  are t o  know whether  

they  w i l l  be effective,  cannot now be  dec ided .  The d e c i s i o n  

awaits t h e  outcome o f  f u t u r e  s t u d y  - a l though a wide range  of 

p o s s i b i l i t i e s  can be  l i s t e d .  Very much g r e a t e r  e x p e r i e n c e  w i t h  

t h e  r e a l i t i e s  of  a p lu tonium economy w i l l  be  r e q u i r e d  b e f o r e  

any o f  t h e s e  t echn iques  can be  r e a l i s t i c a l l y  e v a l u a t e d .  U n t i l  

t h e n ,  of c o u r s e ,  t h e  r i s k s  are unknown b u t  may b e  very  g r e a t  

indeed .  

W e  are reduced ,  once a g a i n ,  t o  hoping t h a t  r e s e a r c h  w i l l  

v i n d i c a t e  t h e  LMFBR. And perhaps  it w i l l .  But t h e  p o i n t  of 

doing  r e s e a r c h  i s  t o  f i n d  o u t  what w e  d i d  n o t  know a t  t h e  

outset, and what we do n o t  know now i s  whether  LMFBRs a re  s a f e  

enough t o  b u i l d .  The research invo lved  i s  t h e  c o n s t r u c t i o n  

and o p e r a t i o n  of a l a r g e  number o f  commercial LMFBRs. The 

l a b o r a t o r y  i s  t h e  United S t a t e s ,  and i f  t h e  exper iments  t u r n  

o u t  poor ly  w e  w i l l  have l o s t  $10 b i l l i o n  and a g r e a t  d e a l  o f  

t i m e  and o p p o r t u n i t y .  W e  may a l s o  f i n d  t h a t  t h e  outcome of  

t h e  exper iment  i s  t h e  worst d i s a s t e r  o f  peace- t ime h i s t o r y .  I t  

may, i ndeed ,  r e s u l t  i n  a n u c l e a r  e x p l o s i o n  s p r e a d i n g  r a d i o -  

a c t i v i t y ,  e i t h e r  through t e r r o r i s m  or a c c i d e n t ,  o v e r  a popu la t ed  

area. 

T r u s t i n g  t o  t h e  outcome o f  r e s e a r c h ,  i n  t h i s  proposed 

program, i s  t o  proceed  w i t h  t h e  c o n s t r u c t i o n  of LMFBRs , 
t r u s t i n g  t h a t  no d i s a s t e r  w i l l  occu r .  Such r i s k s  r e q u i r e  a f a r  

more impressive i u s t i f i c a t i o n  than  i s  s i v e n  bv t h e  AEC's Sta t emen t .  
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PROJECTIONS OF FUTURE ELECTRICAL DEMAND 

SIPI's comments cal led f o r  a de ta i led  and c a r e f u l  d i s -  

c u s s i o n  o f  t h e  assumpt ions  made i n  f o r e c a s t i n g  t h e  growth o f  

e lec t r ic  power demand over t h e  n e x t  f i f t y  y e a r s  (SIP1 , pp.IV-4,5)  . 
The S t a t e m e n t ' s  p r o j e c t i o n  o f  e lec t r ica l  demand i s  as 

f o l l o w s  ( p p . l l . 2 - 8  I 58) : 

By t h e  y e a r :  Base case: P o s s i b l e  r a n g e ,  -50% 
t o  +20% of b a s e  c a s e :  
(in trillion k w h r )  

2000 
2020 

10.6 7 . 1  t o  11 .7  
27.6 13.8 t o  3 3 . 0  

T h i s  c o r r e s p o n d s  w i t h  a p r o j e c t e d  n i n e - f o l d  i n c r e a s e  i n  t h e  

p e r  c a p i t a  i n s t a l l e d  e lec t r ic  c a p a c i t y  between 1972 a n d  2020, 

from 1.92 kw p e r  capita ( p o p u l a t i o n  208.2 m i l l i o n )  t o  17 .5  kw 

p e r  c a p i t a  (assumed p o p u l a t i o n  306.8 m i l l i o n ) ( p p . 1 . 1 - 5 ,  6 ) .  

While  t h e  S t a t e m e n t  acknowledges t h a t  "any p r o j e c t i o n  model 

used  t o  estimate e l e c t r i c a l  e n e r g y  growth depends d i r e c t l y  on 

t h e  c o n t i n u e d  r e l e v a n c e  o f  t h e  p a r a m e t e r s  selected" ( p . 1 1 . 2 - 5 7 ) ,  

it h a s  c e n t e r e d  i t s  base case on h i s t o r i c a l  p r o j e c t i o n ,  which i s  

d e f i n e d  as t h e  " m o s t  p r u d e n t "  c o u r s e  i n  t h e  a n a l y s i s  of cost vs.  

b e n e f i t  o f  t h e  LMFBR program (p .11 .2-55) .  The p a r a m e t e r s  s e l e c t e d  

were p o p u l a t i o n  growth ,  s i z e  of work f o r c e ,  r a t e s  o f  l a b o r  pro-  

d u c t i v i t y ,  g r o s s  n a t i o n a l  p r o d u c t ,  and t o t a l  e n e r g y  demand (p .11 .2-53) .  
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Assumptions about  each  parameter  formed t h e  b a s i s  f o r  assumptions 

about  t h e  n e x t ,  u n t i l  an estimate o f  e l ec t r i ca l  demand was f i n a l l y  

d e r i v e d  from t h e  l a s t .  

T o  s u p p o r t  i t s  p o s i t i o n ,  t h e  S ta tement  u s e s  p r o j e c t i o n s  of  

demand t h a t  were made by t h e  Fede ra l  Power Commission from 1969 

through 1973  (pp.2.1-14, 1 5 ) .  However, p r o j e c t i o n s  r e l e a s e d  by 

t h e  FPC i n  December 1974 ( t h e  date  of t h e  S ta t emen t )  are  "sub-  

s t a n t i a l l y  lower" t h a n  t h e s e ,  " p a r t l y  e x p l a i n a b l e  i n  t e r m s  o f  

t h e  pas sage  o f  t i m e  and t h e  occurrance  of s i g n i f i c a n t  e v e n t s " .  * 
T a b l e  I f o l l o w s ,  comparing t h e  FPC 1974 seven- scena r io  

p r o j e c t i o n s  of  e l e c t r i c a l  o u t p u t  till 1990 w i t h  s i m i l a r  p r o j e c t i o n s  

from E l e c t r i c a l  World 's  1974 f o r e c a s t ,  i n p u t  t o  t h e  FPC's 1 9 7 0  

N a t i o n a l  Power Survey ,  and an FPC 1973 p r o j e c t i o n .  

j e c t i o n s  quoted  i n  t h e  S ta tement  are h i g h e r  t h a n  t h e  FPC 1 9 7 4  

s c e n a r i o s ,  w i t h  t h e  excep t ion  o f  t h e  " a l l  e lectr ic"  Case I V ,  

which r e p r e s e n t s  an a c c e l e r a t i o n  o f  h i s t o r i c  growth.** 

All FPC pro-  

F igu re  I f o l l o w s ,  showing t h e  FPC seven- scena r ios  f o r  ou t -  

p u t  till 1 9 9 0 .  We have i n t e r p o l a t e d  t h e  S t a t e m e n t ' s  o u t p u t  pro-  

j e c t i o n s  f o r  t h i s  p e r i o d  by adding 1 0 %  t o  t h e  p r o j e c t e d  demand 

shown i n  F igu re  11.2-5 on page 1 1 . 2 - 9 .  Th i s  was judged "hones t"  

by Pau l  Wagner, manager of p r e s s  r e l a t i o n s ,  of t h e  Edison E l e c -  

t r i c  I n s t i t u t e ,  based  on t h e  h i s t o r i c a l  r e l a t i o n s h i p  between 

s a l e s ,  which have been e q u i v a l e n t  t o  demand, and ou tpu t .***  The 

* A Report  t o  t h e  Fede ra l  Power Commission by t h e  Techn ica l  Advisory 
Committee-Finance, The F i n a n c i a l  Outlook f o r  t h e  U.S. E l e c t r i c  
Power I n d u s t r y ,  December 1 9 7 4  (P re l imina ry  Release) , p.72 .  

* *  I b i d . ,  p . 1 4 0 .  

* * *  Telephone i n t e r v i e w ,  March 2 6 ,  1975. 
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Power I n d u s t r y ,  December, 1974, p.73. 

21 Source of 1970 a c t u a l  d a t a  is " S t a t i s t i c a l  Year Book of t h e  
E lec t r i c  U t i l i t y  Indus t ry ' '  , Edisop  E l e c t r i c  I n s t i t u t e  , New 
York, New York. Excludes n o n - u t i l i t y  p r i v a t e  power p l a n t  g e n e r a t i o n .  

2 2  E lec t r i ca l  World, September 15, 1974. 

2 3  Repor t  t o  t h e  Fede ra l  Power Commission by t h e  Techn ica l  Advisory 
Committee on Power Supply,  adv i so ry  t o  t h e  FPC i n  connec t ion  
w i t h  t h e  N a t i o n a l  Power Survey.  

2 4  1973 Fede ra l  Power Commission p r o j e c t i o n ,  reproduced i n  Table 2 .1 -12  
of Proposed F i n a l  Environmental  S t a t emen t ,  LMFBR Program, December 
L Y I ~ ,  'v'oi. I, p.2.i- j-5.  -01 1) 
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U.S. ELECTRIC POWER INDUSTRY 
ELECTRICAL OUTPUT 

1965-1990 

FIGURE I 

S o u r c e s  : 

A) Cases I t h r o u g h  VII: 
R e p o r t  t o  t h e  F e d e r a l  Power Commission by t h e  T e c h c i c a l  
Advisory Committee-Finance, The F i n a n c i a l  Outlook f o r  t h e  
U . S .  Elec t r i c  Power I n d u s t r y ,  December 1 9 7 4 ,  p . 7 6 .  

B) +20%, Base Case, -20%, -508 
Proposed  F i n a l  Envi ronmenta l  S t a t e m e n t ,  L i q u i d  Meta l  F a s t  
Breeder R e a c t o r  Program, WASH-1535, Vol. 11, December 
1974,  p.11.2-9. 
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1 0 %  i s  l o s t  i n  t r a n s m i s s i o n  and i n  use  by t h e  u t i l i t i e s .  Chap- 

man e t  a1 add 9% fo r  t r ansmiss ion  losses t o  demand i n  order t o  

d e r i v e  g e n e r a t i n g  r e q u i r e m e n t s  ( o u t p u t )  . * 
The S t a t e m e n t  claims t h a t  i t s  model assumes h i s t o r i c  growth 

of  7.8% p e r  y e a r  till 1980,  w i t h  a g r a d u a l  r e d u c t i o n  by t h e  y e a r  

2020 t o  4.2% i n  t h e  +20% case, 3.7% i n  t h e  base case, 3 .0% i n  

t h e  -20% case, and  2.8% i n  t h e  -50% case (p .11 .2-9) .  Y e t  a 

comparison o f  t h e  December 1974 p r o j e c t i o n s  by b o t h  t h e  FPC 

and  S t a t e m e n t  shows t h a t  for t h e  y e a r  1980,  a l l  of t h e  S t a t e m e n t ' s  

p r o j e c t i o n s ,  i n c l u d i n g  t h a t  f o r  -50% of  t h e  base case,, e x c e e d  t h e  

FPC p r o j e c t i o n s  f o r  a l l  cases i n c l u d i n g  t h e i r  h i g h e s t  g r o w t h ,  a l l  

e lectr ic  C a s e  IV. 

By 1990,  a l l  of t h e  S t a t e m e n t ' s  ---- p r o j e c t i o n s ,  inc l .ud ina  t h a t  f o r  

-50% o f  t h e  base case, are s t i l l  above t h e  FPC C a s e  11, which r e p -  

r e s e n t s  h i s t o r i c  growth,  d e f i n e d  as a r e s u m p t i o n  of p a s t  t r e n d s  

a f t e r  a moderate 1974 slow-down, w i t h  some m o d e r a t i o n  i n  t h e  1 9 8 0 ' s . * *  

By 1990,  t h e  S t a t e m e n t ' s  base case i s  30% above t h e  FE'C's moderate 

growth Cases I and IA, which r e p r e s e n t  a m o d e r a t i o n  of pas t  growth 

t r e n d s ,  a f t e r  a s h a r p  1974 slow-down.*** The S t a t e m e n t ' s  - -50% 

case i s  20% above Cases I and IA. 

O t h e r  e x p e r t s  on e l ec t r i ca l  demand have  r e c o g n i z e d  t h e  need  

t o  r e v i s e  t h e i r  p r o j e c t i o n s  downward i n  t h e  r e c e n t .  p a s t .  For  

* Duane Chapman, Timothy T y r r e l l  , and Timothy Mount, " E l e c t r i c i t y  
Demand Growth and t h e  Energy C r i s i s " ,  S c i e n c e ,  Vo1.178, November 
1 7 ,  1972,  p .707.  

* *  R e p o r t  t o  t h e  F e d e r a l  Power Commission, p .139.  

*** I h i d . ,  p.139.  
n 
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example,  t h e  "24th  Annual E lec t r i ca l  I n d u s t r y  F o r e c a s t "  i n  t h e  

September 1 5 ,  1973 i s s u e  of Elec t r ica l  World p r o j e c t e d  a t o t a l  

e lec t r ica l  sales  i n  t h e  y e a r  1 9 9 0  of  5.07 t r i l l i o n  kwhr, under 

t h e  subheading " U t i l i t i e s  p l a n  expansion t o  meet r e c o r d  demands".* 

By t h e  t i m e  t h e  "25th  Annual E lec t r i ca l  I n d u s t r y  F o r e c a s t "  w a s  

pub l i shed  i n  t h e  September 15 ,  1974 i s s u e ,  t h e  sales  p r o j e c t i o n  f o r  

1990 had d e c l i n e d  o v e r  178 ,  t o  4.19 t r i l l i o n  kwhr, and t h e  sub- 

heading  r e a d  "Slower growth i n  s a l e s  and peaks s p a r k s  s h a r p  c u t  

i n  expans ion  p l a n s . .  . "** 
A d d i t i o n a l l y ,  s i n c e  September 1974, changes o f  g r e a t  mag- 

n i t u d e  have occur red  t h a t  have completely i n v a l i d a t e d  p r o j e c t i o n s  

made b e f o r e  t h a t  t i m e ,  and t h e  s i t u a t i o n  remains uneven t o  t h i s  

d a t e .  

E l ec t r i ca l  World 's  c o n s u l t i n g  e d i t o r ,  Leonard M. Olmsted,  

a u t h o r  o f  t h e  1974 f o r e c a s t ,  s a i d  i n  February 1975 t h a t  as l a t e  

as September 1974  t h e  p r o j e c t e d  growth of e l e c t r i c a l  sa les  i n  

1 9 7 5  w a s  €or a h i s t o r i c a l  7% i n c r e a s e ,  b u t  t h e  r a t e  i s  c u r r e n t l y  

4 % .  The p r o j e c t e d  growth r a t e  € o r  1974 w a s  2%, b u t  i n s t e a d  t h e  

rate d e c l i n e d  by .5%, so t h a t  p r o j e c t i o n  was o f f  by 2 . 5 % .  Among 

f a c t o r s  t h a t  had n o t  been a n t i c i p a t e d  were major i n d u s t r y  shutdowns, 

as i n  a u t o  manufactur ing.*** 

I n  February 1975, I r v i n g  Levine,  a s s i s t a n t  d i r e c t o r  € o r  pub- 

l i c  in fo rma t ion  f o r  Con Edison i n  N e w  York, s a i d  t h a t  p r o j e c t i o n s  

* "24th  Annual E lec t r i ca l  I n d u s t r y  F o r e c a s t "  , E l e c t r i c a l  World , 
September 1 5 ,  1973,  p.50. 

* *  Leonard M. Olmsted, "25th Annual E l e c t r i c a l  I n d u s t r y  F o r e c a s t " ,  
Y A  p iezz r i z s . l  !?'o;^I~, Scpteirher 15 ,  1 3 7 4 ,  p . 5 4 .  

* * *  Telephone i n t e r v i e w ,  February 2 6 ,  1 9 7 5 .  
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s i x  months o l d  were o b s o l e t e  - "There ' s  a new energy  e t h i c . . .  

i t ' s  a whole new b a l l  game."* I n  March 1975,  John R .  Dyer,  

d i r e c t o r  o f  public r e l a t i o n s  o f  t h e  Edison Elec t r ic  I n s t i t u t e  

s a i d  t h e r e  are no p r o j e c t i o n s  of electric power demand t h a t  

a r e  meaningful  a t  t h i s  t i m e ,  and none can b e  g e n e r a t e d  u n t i l  a 

c o n d i t i o n  o f  s t a b i l i t y  i s  reached  aga in .  H e  sa id  t h e  e lec t r ica l  

i n d u s t r y  now had t o  make shor t - t e rm d e c i s i o n s  ( f i v e  t o  t e n  y e a r s )  

based  on r e g i o n a l  d i f f e r e n c e s .  * *  
I n  a chapter e n t i t l e d  "Current  S i t u a t i o n "  (p.2.1-12) , a 

sen tence  i s  i n s e r t e d  which i n d i c a t e s  t h e r e  w a s  some a t t e m p t  t o  

make t h e  S ta tement  seem c u r r e n t :  "Over t h e  p a s t  y e a r ,  however, 

growth i n  t h e  use  of e lec t r ic  energy i n  t h e  U . S .  dec reased  t o  

about  0 . 6 %  as compared w i t h  t h e  7+% growth r a t e  of  p r i o r  y e a r s "  

(p .2 .1-13) .  However, t h e  S ta tement  d e n i g r a t e s  t h e  e f f o r t s  of 

o t h e r  e x p e r t s  t o  i n c o r p o r a t e  t h i s  new in fo rma t ion  i n  t h e i r  f u t u r e  

p l ann ing :  I' (R) e l a t i v e l y  a b r u p t  r e v i s i o n s  i n  growth p r o j e c t i o n s  

seem l i k e l y  t o  be  more a r e a c t i o n  t o  c u r r e n t  u n c e r t a i n t i e s  t han  

t o  ha rd  assessments  of  f u t u r e  demands" (p . l . 1 -7 ) .  

Accordingly,  t h e  c o s t - b e n e f i t  a n a l y s i s  does  n o t  t a k e  i n t o  

account  t h e s e  new c i rcumstances .  A s  s t a t e d ,  it assumes a h i s -  

t o r i c a l  i n c r e a s e  i n  demand of 7.8% p e r  y e a r  u n t i l  1980 (p.11.2-138) ,  

w i t h  growth i n  demand then  f a l l i n g  i n  t h e  base  case t o  an average  

of 3.7% ly 2 0 2 0  (pp.11.2-8, 9 ) .  

* Telephone i n t e r v i e w ,  February 1 9 ,  1975. 

* *  Telephone i n t e r v i e w ,  March 17 ,  1975. 
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Beginning  from 1980 o n l y ,  and t h r o u g h  2020, cases w e r e  r u n  

i n  t h e  S t a t e m e n t ’ s  model down t o  -50% o f  t h e  base case p r o j e c t i o n ,  

a t  which p o i n t  t h e  b e n e f i t - c o s t  r a t i o  was g e n e r a l l y  shown t o  ap- 

p r o a c h  or  f a l l  below 1 . 0 ,  w h a t e v e r  t h e  o t h e r  v a r i a b l e s ,  a t  t h e  

1 0 %  d i s c o u n t  r a t e  (p.1V.D-3, 4 ) .  The S t a t e m e n t  c la ims,  however ,  

t h a t  b e n e f i t s  are reduced  below costs o n l y  when a number o f  

assumpt ions  are s i m u l t a n e o u s l y  w e i g h t e d  i n  a manner which i s  con- 

s i d e r e d  u n l i k e l y  t o  o c c u r  ( p . 1 l S - 1 ) .  

The table on  page 11.2-140 i n d i c a t e s  t h a t  -50% of b a s e  case 

demand would o c c u r  a t  a n  a n n u a l  r a t e  o f  i n c r e a s e  of 3 .6% i n  2000, 

2.8% i n  2020, o r  a n  a v e r a g e  o f  4.6% between 1974 and  2020. I t  

shows an  a n n u a l  r a t e  of  i n c r e a s e  o f  7.8% p r o j e c t e d  f o r  1974. The 

f a c t  t h a t  t h e  ra te  of i n c r e a s e  h a s  a l r e a d y  f a l l e n  below t h e  r a t e  

o f  7.8% which w a s  presumed till 1980 makes t h e  a t t a i n m e n t  of a 

b e n e f i t  r e d u c e d  bel.ow cost  f a r  more l i k e l y  t h a n  t h e  S t a t e m e n t  

assumes. When E lec t r i ca l  World p u b l i s h e d  t h e  f a c t  t h a t  t o t a l  

sales  i n  1 9 7 4  dropped .568 b e l o w  t h e  1 9 7 3  l eve l ,  it forecast, 

“1975 w i l l  t u r n  o u t  t o  be t h e  second s h r i n k  y e a r  i n  a row, and 

s i g n i f i c a n t l y  worse t h a n  w e  had e x p e c t e d  o n l y  a few months ago!’* 

D i s c u s s i o n  f o l l o w s  which d e s c r i b e s  t h e  f a l l a c y  of p a r t i c u l a r  

assumpt ions  upon which t h e  S t a t e m e n t ’ s  demand p a r a m e t e r s  were 

based. 

* “1975’Ar1nual S t a t i s t i c a l  Report”,  E lec t r ica l  World, March 1 5 ,  
- 1 9 7 5 ,  pp .66 ,  4 4 .  
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P o p u l a t i o n  

The S t a t e m e n t ' s  forecast of f u t u r e  e lectr ical  r e q u i r e m e n t s  

u t i l i z e s  t h e  1972 E-series p o p u l a t i o n  p r o j e c t i o n s  of t h e  Bureau 

of  t h e  Census ,  which,  t h e  S t a t e m e n t  claims, " t a k e s  i n t o  (account  

t h e  r e c e n t  s h a r p  d e c l i n e  i n  f e r t i l i t y " .  I t  p r e d i c t s  t h e  follow- 

i n g  p o p u l a t i o n ,  i n  m i l l i o n s  (p.11.2-53) : 

2020 

228 240 271 307 

- 2000 - 1985 - 1980 

P o p u l a t i o n  E s t i m a t e s  and P r o j e c t i o n s ,  f r o m  which these f i g -  

u r e s  were d e r i v e d  (p.11.2-59),  are i s s u e d  by t h e  Bureau of  t h e  

Census a p p r o x i m a t e l y  twenty  t i m e s  p e r  y e a r , *  and w e  f i n d  it i s  

c u r i o u s  t h a t  a S t a t e m e n t  dated December 1974 would r e l y  :€or i t s  

m o s t  basic p a r a m e t e r  on estimates i s s u e d  e a r l y  i n  1972.  W e  are 

a d v i s e d  t h a t  even  by December 1972,  t h e  E-series p r o j e c t i o n  f o r  

t h e  year 2000 had f a l l e n  2.6%, t o  264 mi l l i on .**  

More r e c e n t  p r o j e c t i o n s ,  released by t h e  Bureau of t h e  Cen- 

s u s  i n  F e b r u a r y  1 9 7 5 , * * * i n d i c a t e  a p o p u l a t i o n  i n  t h e  y e a r  2000 of 

262 m i l l i o n ,  assuming t h e  E-series f e r t i l i t y  rate o f  2 . 1  b i r t h s .  

(The f e r t i l i t y  r a t e  i s  t h e  a v e r a g e  number o f  b i r t h s  per wonan upon 

comple t ion  of c h i l d - b e a r i n g ) .  They a l so  o f f e r  a lower p o p u l a t i o n  

estimate f o r  a n  assumed f e r t i l i t y  r a t e  o f  1 . 7 ,  which wou:td y i e l d  

a p o p u l a t i o n  i n  2000 of 245 m i l l i o n .  These two new 1975 estimates 

would alone y i e l d  between 3.4 and 1 0 %  less electr ical  demand t h a n  

* P u b l i c a t i o n s  Order Form: C u r r e n t  P o p u l a t i o n  R e p o r t s ,  U.S. Dept.  o f  
Commerce, Bureau of t h e  Census,  Form BC-2340, October  1973. 

**Telephone a d v i c e  from U . S .  Dept.  o f  Commerce L i b r a r y ,  N . Y .  
D i s t r i c t  O f f i c e ,  F e b r u a r y  11, 1975. 

+**Xews Release CB75-29, 3. S .  DepL. of C O k i u i i e r c e ,  F e b r u a r y  16, 1575 .  
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t h e  one used i n  t h e  S t a t e m e n t .  

While  t h e  S t a t e m e n t  r e f e r s  f o r  s u p p o r t  t o  t h e  Department  o f  

t h e  I n t e r i o r ' s  1972 p o p u l a t i o n  p r o j e c t i o n  o f  279.9 m i l l i o n  by 

2000 (p.2.1-16) , which assumed a f e r t i l i t y  r a t e  of a b o u t  2 .4 ,  i t  

d o e s  n o t  r e f e r  t o  t h e  C o u n c i l  on  Envi ronmenta l  Q u a l i t y ' s  p r o j e c t i o n  

of  250 m i l l i o n  by 2000. T h i s  assumed a f e r t i l i t y  r a t e  of 1 . 8 ,  

which CEQ called " e q u i v a l e n t  t o  a c o n t i n u a t i o n  o f  t h e  p r e s e n t  a n n u a l  

growth  r a t e  o f  0 .7%. "*  
T h e r e  i s  r e a s o n  t o  b e l i e v e  t h a t  t h e  lower estimates may b e  

s u s . t a i n e d .  The N a t i o n a l  C e n t e r  f o r  H e a l t h  S t a t i s t i c s  h a s  r e l e a s e d  

da t a  showing t h a t  t h e  1973 f e r t i l i t y  r a t e  dropped below t h e  r e p l a c e -  

ment l eve l  o f ' 2 . 1 ,  r e a c h i n g  1 . 9  c h i l d r e n  p e r  f a m i l y .  I n  1974,  r a t e s  

c o n t i n u e d  t o  d e c l i n e ,  though n o t  so  s t e e p l y  as between 1970 and  

1973.  

2% i n  1974 o v e r  1973,  t h e  number of b i r t h s  r o s e  o n l y  1%. A t  t h e  

Though t h e  number of women i n  t h e  c h i l d - b e a r i n g  y e a r s  i n c r e a s e d  

same t i m e ,  t h e r e  was a decrease i n  m a r r i a g e  rates and an  increase 

i n  d i v o r c e  r a t e s . * *  

A n a t i o n w i d e  s u r v e y  u n d e r t a k e n  by t h e  Roper O r g a n i z a t i o n  i n  

t h e  s p r i n g  o f  1974 concluded:  

N e a r l y  h a l f  of American women and men t h i n k  h a v i n g  
t w o  c h i l d r e n  i s  i d e a l  - compared t o  o n l y  one i n  f o u r  
who t h o u g h t  so i n  1952 ( p . 6 4 ) .  . . A t t i t u d e s  of women 
today  s u g g e s t  a c o n t i n u i n g  down-trend i n  b i r t h  r a t e s .  
Women i n  t h e  pr ime c h i l d - b e a r i n g  y e a r s  - between 1 8  
and 29 - a r e  markedly less i n t e r e s t e d  i n  h a v i n g  more 
t h a n  t w o  c h i l d r e n  t h a n  women t e n  y e a r s  o l d e r  ( p . 6 8 1 . .  

* A N a t i o n a l  Energy C o n s e r v a t i o n  Program: The Half and Half P l a n ,  
C o u n c i l  on Envi ronmenta l  Q u a l i t y ,  March 1974,  p . 6 .  
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Furthermore, only one i n  fou r  women f e e l s  t h a t  having 
ch i ld ren  i s  an impel l ing  reason f o r  marrying. And 
ch i ld ren  are considered by only h a l f  of all. women t o  
be 'very impor tan t '  t o  a good marr iage (p .1 ) .  * 

Planned Parenthood-World Popula t ion ,  which i n  1 9 7 2  used 

t h e  same es t ima te  of 2 7 1  m i l l i o n  popula t ion  by 2000** t h a t  w a s  

used i n  t h e  Statement ,  s a i d  i n  December 1 9 7 4  t h a t  ''a new set of 

p r o j e c t i o n s  i s  due soon".*** 

I n  c o n t r a s t  t o  t h e  S ta t emen t ' s  p r o j e c t i o n  of 2 7 1  m i l l i o n  

by 2000 ,  t h e  populat ion p r o j e c t i o n  found i n  t h e  September 15 ,  1 9 7 4  

E lec t r ica l  World, ex t r apo la tbd  t o  2000****, would be 256 m i l l i o n ,  

or 6 %  less. M c G r a w - H i l l  c h a r a c t e r i z e s  t h e i r  f o r e c a s t  of 239 

m i l l i o n  by 1988  as "one-third slower than  t h e  ga in  i n  t h e  1958-73 

years".***** 

growth r a t e  , McGraw-Hill concludes , " t h e r e  a r e  no economic , s o c i a l  

o r  environmental  f a c t o r s  developing t h a t  sugges t  a r e v e r s a l  of 

t h i s  t r end" .  ****** 

I n  commenting on t h e  slowing of t h e  popula t ion  

S i z e  of Work Force and P roduc t iv i ty  P e r  Employee 

I n  i t s  p r o j e c t i o n s  of  f u t u r e  e l e c t r i c i t y  demand, t h e  S t a t e -  

ment estimates t h e  s i z e  of t h e  work f o r c e  from t h e  h i s t o r i c a l  

*The Vi rg in i a  S l i m s  American Women's Opinion P o l l ,  Volume 111, 
The Roper Organiza t ion ,  I n c . ,  N . Y . ,  1 9 7 4  

**Population Boom o r  Bust? , Planned Parenthood-World Populat ion , 
N . Y . ,  October 1 9 7 2 .  

***Lawrence A. Mayer, " I t ' s  a Bear Market f o r  B a b i e s ,  TOO", 
Fortune Magazine, December 1 9 7 4 ,  p.137. 

****Olmsted, p.44. 

*****Economics Department, The American Economy: Prospec ts  f o r  
Growth t o  1 9 8 8 ,  McGraw-Hill, I n c . ,  N.Y., 1975, p.4. 
.b .a. _L ,. .I ... -. ,...,... n,. isid.. s . 2 .  
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p o p u l a t i o n  i n  t h e  1 8  t o  6 4  age group (p.11.2-53).  I t  s ta tes  

t h a t  t h e  e f f e c t s  o f  changes i n  age composi t ion o f  t h e  p o p u l a t i o n  

would n o t  be  appa ren t  u n t i l  t h e  l a t e  1 9 9 0 s  (p .11.2-138) .  I n  

contrast ,  t h e  McGraw-Hill study p r e d i c t s  " . . . t h e  U.S. l a b o r  

f o r c e ,  because  of t h e  changing age composi t ion of o u r  p o p u l a t i o n ,  

w i l l  grow less r a p i d l y  beginning  w i t h  t h e  l a t e  1970s t h a n  i n  

ear l ie r  yea r s " .*  The Sta tement  does n o t  c o n s i d e r  changes i n  t h e  

unemployment r a t e ,wh ich  i s  c u r r e n t l y  over  8%. 

S i m i l a r l y ,  t h e  S ta tement  assumes a c o n t i n u a t i o n  o f  t h e  h i s -  

tor ical  2.6% i n c r e a s e  i n  p r o d u c t i v i t y  p e r  employee per annum 

(p.11.2-53).  

t h e  M c G r a w - H i l l  s t udy  p r e d i c t s  w i l l  be  down 6% p e r  employee by 

1988,* o r  e f f o r t s  a t  c o n s e r v a t i o n  of  energy ,  which would r e v e r s e  

t h e  i n c r e a s e  i n  l a b o r  p r o d u c t i v i t y .  Although t h e  M c G r a w - H i l l  

s t u d y  p r e d i c t s  a resumption of  t h e  2 .6% ra te  o f  i n c r e a s e  a f t e r  

1974,  it estimates an o v e r - a l l  d e c l i n e  t o  2.3% from 1973 t o  

1988 as a r e s u l t  o f  t h e  d e c l i n e  i n  1974 a lone .**  

I t  does n o t  c o n s i d e r  changes i n  working h o u r s ,  which 

While t h e  M c G r a w - H i l l  f o r e c a s t  r e p r e s e n t s  j u s t  one  example 

o f  a d i f f e r e n c e  i n  e v a l u a t i o n  from t h a t  expres sed  i n  t h e  -- S t a t e -  

ment and does n o t  ex tend  t o  t h e  f u l l  t i m e  p e r i o d  under  c o n s i d e r a t i o n ,  

t h i s  shows t h a t  v a r i a b i l i t y  of t h e s e  parameters  and t h e  e f f e c t  on 

e l e c t r i c a l  demand have n o t  been adequa te ly  exp lo red .  The Bureau 

of  Labor S t a t i s t i c s  of  t h e  U . S .  Department of Labor ,  f o r  i n s t a n c e  

d i s c u s s e s  t r e n d s  i n  t h e  Occupat iona l  Outlook Handbook which i s  
I 

r e v i s e d  annua l ly .  N o  i n fo rma t ion  from t h e  Bureau o f  Labor S t a t i s -  

* I b i d . ,  p .4 .  

* *  I b i d . ,  pp.5, 6 .  
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t i c s  w a s  found i n  t h e  S t a t e m e n t .  

Gross N a t i o n a l  P r o d u c t  

Late i n  1973, following a p e r i o d  of b u s i n e s s  e x p a n s i o n  t h a t  

began i n  1970,  t h e  F e d e r a l  Reserve Board's i n d e x  of  i n d u s t r i a l  

p r o d u c t i o n  w a s  a t  a peak  of 127.5* T h i s  i s  t h e  c u l m i n a t i o n  o f  

h i s t o r i c a l  e x p e r i e n c e  upon which t h e  S t a t e m e n t  based i t s  pro- 

j e c t i o n  of gross n a t i o n a l  p r o d u c t .  F i g u r e s  I1 t h r o u g h  I V  i l l u s t r a t e  

t h e  a b r u p t  d e c l i n e  o f  12.2% t h a t  o c c u r r e d ,  however,  between Sep- 

tember 1974 and F e b r u a r y  1975. I n  J a n u a r y  1975,  t h e  month when 

ERDA began o p e r a t i o n ,  t h e  i n d e x  f e l l  t o  113.7.  I t  w a s  t h e  s h a r p -  

es t  monthly r e d u c t i o n  i n  o u t p u t  s i n c e  December 1937. A l b e r t  Rees, 

director  o f  t h e  A d m i n i s t r a t i o n ' s  C o u n c i l  on  Wage and  P r i c e  S t a -  

b i l i t y ,  h a s  p r e d i c t e d  t h a t  t h e  p r e s e n t  economic s l a c k n e s s  " w i l l  

p e r s i s t  f o r  some t i m e  i n  t h e  g r e a t  m a j o r i t y  o f  i n d u s t r i e s " . * *  

R e a l  GNP had  been  growing a t  an  a n n u a l  ra te  o f  3.7% s i n c e  

World War 11, and as l a t e  as 1973,  E lec t r i ca l  World c o n t i n u e d  t o  

p r o j e c t  t h i s  r a t e  t o  1990. On September  1 5 ,  1974,  t h e i r  p ro-  

j e c t i o n  w a s  r e v i s e d  t o  3% growth till 1995.*** I n  f a c t ,  r ea l  GNP 

d e c l i n e d  2.1% i n  1974,  w i t h  t h e  f o u r t h - q u a r t e r  d e c l i n e  e s t i m a t e d  

a t  n e a r l y  9 . 5 % .  A d e c l i n e  of  2.3% h a s  now b e e n  forecast  f o r  

1975. T h i s  i s  t h e  f i r s t  t i m e  t h e r e  have been  t w o  c o n s e c u t i v e  

* I n d u s t r i a l  P r o d u c t i o n  N e w s  Releases, F e d e r a l  Reserve Board ,  
December 1 4 ,  1973 and March 1 4 ,  1975;  and V a r t a n i g  E .  V a r t a n ,  

" I n d u s t r i a l  Output  i s  Down f o r  F i f t h  Month i n  a ROW", N e w  York 
Times, i*!fir'ci! 1 5 ,  1 9 7 5 ,  p p . 1 ,  3.:. 

. . 

w 
** "Economic Lag Seen P e r s i s t i n g " ,  New York Times ,February  28 ,1975,p .46  
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s h r i n k  y e a r s  s i n c e  1946-1947." 

Y e t ,  comparing p r o j e c t i o n s  made i n  t h e  September 1 5 ,  1974 

i s s u e  of E lec t r ica l  World** w i t h  p r o j e c t i o n s  of GNP made i n  t h e  

S ta t emen t  (p.11.2-53) , w e  f i n d :  

Year 

19 80 
1985 
2000 

S i m i l a r l y ,  t h e  S t a t e m e n t ' s  

Pe rcen tage  by which S t a t e m e n t ' s  
p r o j e c t i o n  of December 1 9 7 4  i s  
h i g h e r  t h a n  Elec t r ica l  Wor ld ' s  
p r o j e c t i o n  of September 1974, i n  
c o n s t a n t  d o l l a r s  

1 2 . 9 %  
16.0% 
23.2% (Elec t r ic  World ' s  

p r o j e c t i o n  e x t r a -  
p o l a t e d )  

GNP p r o j e c t i o n  f o r  1985 i s  17.5% 

h i g h e r  t h a n  M c G r a w - H i l l ' s  p r o j e c t i o n  f o r  GNP i n  1988.*** 

I t  cannot b e  p r e d i c t e d  w i t h  c e r t a i n t y  what o u r  f u t u r e  growth 

i n  GNP w i l l  b e ,  or  i t s  r e l a t i o n  t o  energy  demand. But  p r o j e c t i o n s  

could  more r easonab ly  be made c o n s i d e r i n g  s e v e r a l  s c e n a r i o s  and 

t h e i r  energy-GNP r a t i o n s .  The U . S .  Chamber of Commerce has  s a i d ,  

" W e  may be e n t e r i n g  an  era i n  which t h e  growth of p r o d u c t i v e  

c a p a c i t y  i t s e l f - i s  subject t o  new and s e v e r e  c o n s t r a i n t s .  ' I * * * *  

1. A c c e l e r a t i n g  energy  p r i c e s  and h i g h  unemployment may 

h e r a l d  a r e t u r n  t o  an " i n t e r m e d i a t e  technology"  which i s  more 

* "1975 Annual S t a t i s t i c a l  Report" ,  E l ec t r i ca l  World , March 1 5 ,  
1975,  p.44. 

* *  Olmsted, p.44. 

* * *  Thc American Economy, McGraw-Hill, I n c . ,  p.5.  

* * * *  A Report  of t h e  Counci l  on Trends and P c r s p e c t i v e ,  Economic 
Grcwth:  h!tw Views en6 ISPUCS, C h x ? ? c r  cf Cczxcrcc? :;f thc Z . S .  
Washington, D.C .  , 19'i%, p.24. - -7--- 
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l a b o r - i n t e n s i v e ,  y i e l d i n g  a lower GNP.* 

2 .  An i n c r e a s i n g  p o r t i o n  of t h e  GNP w i l l  be  c la imed by 

a c t i v i t i e s  which are less ene rgy- in t ens ive  t h a n  t h e  p r o d u c t i o n  

of commodities: e d u c a t i o n ,  l e i s u r e ,  h e a l t h  care, government 

a c t i v i t i e s  and o t h e r  s e r v i c e s .  ' This  has  been ev idenced  by a 

d e c l i n e  i n  r e c e n t  y e a r s  of incremental  kwhr/ incremental  con- 

s t a n t  d o l l a r s . * *  

3 .  Market s a t u r a t i o n  may b e  approaching  i n  r a d i o s ,  tele- 

v i s i o n ,  r e f r i g e r a t o r s  and o t h e r  home a p p l i a n c e s ,  i l l u m i n a t i o n ,  

automation of  many i n d u s t r i a l  p r o c e s s e s ,  a i r  c o n d i t i o n i n g  i n  t h e  

commercial s ec to r .***  

4. There may b e  less c a p i t a l  a v a i l a b l e  from l o a n s .  I n  

September 1974, Bank of America, t h e  w o r l d ' s  l a r g e s t  bank,  re- 

p o r t e d  a y e a r  t o  y e a r  l o a n  growth o f  31%. By December 1 9 7 4 ,  

it had f a l l e n  t o  26%, and t h e  i n t e n t i o n  was r e p o r t e d  i n  February 

1975 t o  purpose ly  l o w e r  it t o  lo%, a ra te  t h a t  w a s  cons ide red  

one t h e y  cou ld  " s u s t a i n  on a long-term bas i s " .****  

5. The f u t u r e  of e l e c t r i c i t y - i n t e n s i v e  i n d u s t r i e s  such  as 

aluminum, pe t ro-chemica ls  and uranium enr ichment  i s  u n c e r t a i n :  

a. The p roduc t ion  of  pr imary aluminum absorbed  n e a r l y  

1 2 %  of i n d u s t r i a l  e lec t r ica l  sa les  i n  1973, o r  a lmost  5% of t o t a l  

* E.F. Schumacher, S m a l l  i s  B e a u t i f u l ,  Harper  ti ROW, N e w  YOrk, 1973. 

** (FPC) The F i n a n c i a l  Outlook,  pp.146-7. 

***  I b i d . ,  pp.135, 144-5. 

**** "Why They ' r e  Slowing Growth a t  t h e  World 's  B igges t  B a n k " ,  
Business  Week, February 2 4 ,  1975, p.54.  
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electr ic  s a l e s . *  However, r e c y c l i n g  t a k e s  only  5% of t h e  energy 

needed t o  create aluminum from v i r g i n  o re .**  

b. Nat ions  t h a t  produce o i l  and o t h e r  key materials,  

such as copper ,  aluminum and t i n ,  w i l l  b e  s e e k i n g  a l a r g e r  s h a r e  

o f  t h e  economic p i e ,  r a i s i n g  prices and s h r i n k i n g  American indus-  

t r i a l  p roduc t ion ,  which is c u r r e n t l y  4 0 . 4 %  of  e lec t r ica l  demand.*** 

Saudi  Arabia, f o r  example,  has  a new f ive -yea r  economic p l a n  

which i n c l u d e s  huge i n d u s t r i a l  p r o j e c t s  t h a t  w i l l  make it a major  

s u p p l i e r  o f  pe t rochemica l  products .**** 

A confe rence  of 1 0 4  deve lop ing  c o u n t r i e s  has  pro-  

duced a program t o  raise t h e i r  s h a r e  o f  t h e  world's  economy from 

7 t o  25% by t h e  end o f  t h e  c e n t u r y ,  c a l l i n g  it h new i n t e r n a t i o n a l  

economic o r d e r .  The p l an  i n c l u d e s  t h e  fo rma t ion  of more r a w  mater- 

i a l s  car te ls ,  t h e  r i g h t  to n a t i o n a l i z e  f o r e i g n  i n d u s t r i e s ,  and t h e  

t r a n s f e r  o f  b a s i c  i n d u s t r i e s  from r i c h  t o  poor count r ies .***** 

Even b e f o r e  release of t h i s  p l a n ,  U.S. energy  consumption w a s  pro- 

jected by S h e l l  t o  s h r i n k  from 32% o f  world consumption i n  1970 

t o  22% by 2000.****** 

c. Uranium enr ichment ,  accounted f o r  5% of  i n d u s t r i a l  elec- 

t r i c a l  sales i n  1973, or 2% of t o t a l  electrical  sales, is dependant  

* Olmsted, p.49. 

** Reynolds Aluminum ad: " W e  Don' t  Be l i eve  i n  Waste". 

*** Olmsted, p.48. 

****  Juan D e  Onis ,  "Saudi Arabia  P l a n s  More Huge P l a n t s " ,  N e w  York 
T i m e s ,  February 2 2 ,  1 9 7 5 ,  pp.33, 35. - 

***** "Developing Nat ions  F i n i s h  P l a n  t o  Raise Sha re  of  Economy", 
N e w  York T i m e s ,  February 19, 1 9 7 5 ,  p . 4 6 .  

******  "Energy S e l f - S u f f i c i e n c y  : l", S h e l l  Repor ts  , Shell Oil Company, 
Hoilston, J u l y ,  1 9 7 4 ,  p - i .  
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upon t h e  f u t u r e  o f  the n u c l e a r  i n d u s t r y . *  

T o t a l  Energy Demand 

The Sta tement  p r o j e c t s  an h i s t o r i c a l  energy growth r a t e  o f  

4 . 0 %  till 1980, d e c l i n i n g  t o  3 .5% from 1980 t o  2000 and 3.2% 

from 2000 t o  2020 (p.11.2-54).  E lec t r ica l  energy g e n e r a t i o n  i s  

assumed t o  grow from 25% o f  c u r r e n t  t o t a l  energy consumption t o  

65% i n  2020 (p . l . 1 -5 ) .  

Of f i v e  r e f e r e n c e s  g iven  i n  t h e  c h a p t e r  on " P r o j e c t i o n s  

o f  Energy Growth" (p.2.1-61, f o u r  are from 1972 and one from 

1973. It i s  s t a t ed ,  " P a s t  f o r e c a s t s  o f  energy  consumption f r e -  

q u e n t l y  have proved t o  unde res t ima te  t h e  demand t h a t  subsequen t ly  

occur red" .  Aside from t h e  Ford Foundat ion ' s  Energy P r o j e c t ,  a l l  

o f  t h e  o t h e r  r e p o r t s  w i t h  which t h e  S ta tement  s u p e r f i c i a l l y  

compares i t s  f o r e c a s t ,  were made from 1960 t o  1 9 7 1  (p.11.2-54) .  

The 3 .4% p e r  y e a r  growth r a t e  assumed i n  t h e  Ford Founda- 

t i o n ' s  " h i s t o r i c a l "  s c e n a r i o  i s  c i t e d  f o r  i t s  proximi ty  t o  t h e  

S t a t e m e n t ' s  model, b u t  growth ra tes  of t h e  o t h e r  t w o  Ford Founda- 

t i o n  s c e n a r i o s  are n o t  c i t e d ,  namely 1 .7% f o r  t h e  " t e c h n i c a l  f i x "  

and 1.4% f o r  " z e r o  energy growth" till 1985.** 

Though S I P I ' s  comments s p e c i f i c a l l y  asked f o r  an e v a l u a t i o n  

* O l m s t e d ,  p .50.  

** John C .  Myers, "Energy Conserva t ion  and Economic Growth - A r e  
They Incompa t ib l e?" ,  The Conference Board Record, February  1975, 
p.27. 
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of t h e  Counci l  on Environmental  Q u a l i t y ' s  " h a l f  and h a l f "  

p l a n ,  which r e s u l t s  i n  an annual  energy growth r a t e  of 1 .8% 

by 2000,* t h i s  was n o t  mentioned. 

of t h e  e f f e c t  on demand of t h e  F e d e r a l  Energy O f f i c e ' s  p l a n  

( S I P I , P . I V - ~ ) .  The FEO i s  now t h e  F e d e r a l  Energy Admin i s t r a t ion ,  

which produced t h e  P r o j e c t  Independence Report .  Th i s  p r o j e c t s  a 

r ange  o f  growth ra tes  from 3.2% down t o  2 . 1 %  by 1985.** 

Nor i s  t h e  impact  discusr,ed 

I n  t h e  c h a p t e r  on t h e  "Current  S i t u a t i o n "  (p.2.1-51, which 

is t h r e e  b r i e f  paragraphs  long ,  one paragraph  and a t a b l e  des-  

c r i b e  s o u r c e s  of energy  dur ing  1972. Another paragraph  b e g i n s ,  

" O v e r  the p a s t  few y e a r s ,  t h e  energy s i t u a t i o n  has  changed d ra -  

m a t i c a l l y " ,  b u t  t h e  o i l  embargo of 1974 and s e q u e l a  are n o t  

mentioned I nr t h e  ? rm?t ic  e n e r ~  p r y r m s  c:rr=r,tl;- xz2:z CGZ 

s i d e r a t i o n  by t h e  e x e c u t i v e  and l e g i s l a t i v e  branches  of  govern- 

ment t o  reduce  t o t a l  demand. The embargo i s  r e f e r r e d  t o  i n  ano the r  

c o n t e x t ,  however, t o  u n d e r l i n e  t h e  need t o  deve lop  and use  energy 

s o u r c e s  b e s i d e s  o i l  o r  gas  ( p . l . 1 - 5 ) .  

The Conference Board has  expres sed  a concern which w a s  n o t  

r e f l e c t e d  i n  t h e  S ta tement :  

Energy p r i c e s  r o s e  n e a r l y  118 f a s t e r  t han  t h e  g e n e r a l  
p r i c e  l e v e l  ( 2 6 . 5 %  compared w i t h  1 4 . 1 % )  from 1 9 7 0  t o  
1973, and by t h e  t h i r d  q u a r t e r  of 1974 had widened 
t h e  margin by an a d d i t i o n a l  5 0 %  (ove r  t h e  1 9 7 3  aver -  
a g e ) .  I n c r e a s e s  i n  r e l a t i v e  energy p r i c e s  of t h i s  
magnitude should  b r i n g  about  s u b s t a n t i a l  changes i n  
energy u s e .  *** 

However, t h e  Board concludes t h a t  energy use  could grow a t  

* Counci l  on Environmental  Q u a l i t y ,  A Na t iona l  Energy Conserva t ion :  
i I -- 

The .Fi,nlf 2r.a :::i: ?':;A, ::;zsh 1?+1'4,  p.10.  

** Myers, p .27.  

*** Ibid. , 2 . 2 9 .  
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an a n n u a l  ra te  o f  o n l y  1 .5% till 1985 w i t h o u t  damage t o  t h e  

economy, assuming " a d j u s t m e n t s  i n  p r o d u c t i o n  and consumpt ion  

t h a t  w i l l  p e r m i t  less e n e r g y  t o  be consumed p e r  u n i t  o f  pro-  

duc t .  " * 

P r i c e  E la s t i c i ty  

S I P I ' s  comments requested a n  e v a l u a t i o n  o f  how r e c e n t  

p r i c e  increases would a f f e c t  f u t u r e  e lec t r ica l  demand ( S I P I ,  P -  

IV-5 t o  7 ) .  T h i s  w a s  n o t  found,  though t h e r e  was ment ion  of t h e  

Chapman, T y r r e l l  and Mount s t u d y  on  p r i c e  e l a s t i c i t y ,  which w a s  

sa id  t o  p r o j e c t  consumption of 1 .9  t o  4 .6  t r i l l i o n  kwhr by 2000 

(p.11.2-56) .  T h i s  s t u d y  estimates t h a t  a 1% i n c r e a s e  i n  pr ice  

c a u s e s  e l ec t r i ca l  demand e v e n t u a l l y  t o  be a n  a v e r a g e  of 1 . 5 %  

less t h a n  i t  would otherwise have  been.** P r i c e  e l a s t i c i t y  

s t u d i e s  by F i s h e r  and Kaysen, Anderson,  and Wilson  were n o t  

r e f e r r e d  t o  *** n o r  was t h e  s t u d y  i n  t h e  P r o j e c t  Independence  

R e p o r t .  

While  t o t a l  kwhr sales dropped .56% i n  1974 over t h e  1973 

f i g u r e s ,  U . S .  u t i l i t y  r e v e n u e s  climbed 23.3%,  d u e  t o  ra te  i n c r e a s e s  

and f u e l - c o s t  a d j u s t m e n t s .  The a v e r a g e  p r i c e  p e r  kwhr w a s  up t o  

* I b i d . ,  p .32.  

* *  Chapman, T y r r e l l ,  Mount, pp.703-8. 

* * *  M.R. S e i d e l ,  S . E .  P l o t k i n ,  & R.O. Reck, Energy C o n s e r v a t i o n  
S t r a t e g i e s ,  Implementa t ion  Research D i v i s i o n ,  O f f i c e  of Research  
and M o n i t o r i n g ,  U.S. Environmenta l  P r o t e c t i o n  Agency, Washington,  
D . C . ,  J u l y  1973,  pp.16-19. 
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$ 2 . 3 0 ,  a n  i n c r e a s e  of n e a r l y  24% over t h e  1973 a v e r a g e .  T a b l e  I1 

f o l l o w s ,  which shows n o t  o n l y  t h e  t r e n d  toward zero d e c r e a s e s  

and l a r g e  numbers of i n c r e a s e s  i n  p r ice ,  b u t  o v e r  a t r i p l i n g  o f  

amount per i n c r e a s e  s i n c e  1970.* 

Electric rate increases 
Granted Pending a! year end 

No. companies Dollars Applications Dollars 

1964 .................. 
1965 .................. 
1966 .................. 
1967 .................. 
1968 .................. 
1969 .................. 
1970 .................. 
1971 .................. 
1972 .................. 
1973 .................. 
1974 .................. 
Source Ebaxo Se~en. Inc 

Using 

4 
0 
4 
2 
8 

19 
45 
51 
94 
64 

78 

27,500,000 
0 

33,432,000 
701,000 

20,657,000 
145.1 23,000 
430.578.000 
802,678,000 
827.090.000 

1.150.763,300 

2,337,746.W 

1 270.000 
1 270,000 
0 0 
0 0 

19 194.827.OOO 
33 490,317,000 
40 629.798.000 
66 970.515.000 
69 906.676.000 
71 1,566,545,600 

65 2,043,146.000 

Table I1 

Electric rate decreases 

No. companles Dollare 

1964 .................. 
1965 .................. 
1966 .................. 
1967 .................. 
1968 .................. 
1969 .................. 
1970 .................. 
1971 .................. 
1972 .................. 
1973 .................. 
1974 .......-.......... 

77 
83 
46. 
26 
14 
7 
2 
1 
0 
0 

0 

t h e  Chapman, T y r r e l l  and Mount a n a l y s i s ,  t h e  2 4 %  

119,200,000 
11 3,400,000 
56.866.000 
37.703.000 
13.887.000 
5.833.000 
4,500,000 
1 .ooo.ooo 

0 
0 

0 

p r i c e  i n c r e a s e  i n  1974 s h o u l d  e v e n t u a l l y  l e a d  t o  a demand 36% 

less t h a n  i t  would o t h e r w i s e  have  been ,  w i t h  a d r o p  of 18% 

a p p a r e n t  i n  1981. A drop of 3.6% s h o u l d  b e  a p p a r e n t  by t h e  end  

o f  1975. A d r o p  o f  3.6% f r o m  t h e  h i s t o r i c  growth of 7.8% 

p r o j e c t e d  i n  t h e  S t a t e m e n t  would b e  a growth of 4 . 2 %  o v e r  t h e  

1.70 t r i l l i o n  kwhr s o l d  i n  1 9 7 4 ,  or 1.77 t r i l l i o n .  The growth 

rate r e p o r t e d  i n  J a n u a r y  and February  1975 w a s  i n d e e d  4 % . * *  The 

p r i c e  e f f e c t  may be  o c c u r r i n g  sooner t h a n  Chapman e t  a 1  p r e d i c t e d ,  

* "1975 S t a t i s t i c a l  Repor t" ,  pp.66-69. 

** Telephone i n t e r v i e w  w i t h  Leonard M. Olmsted,  c o n s u l t i n g  
editor, E l e c t r i c a l  World, February  2 6 ,  1 9 ' 1 5 .  
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which was f o r  t h e  1980 ' s  and t h e r e a f t e r .  

I n  g e n e r a l ,  t h e i r  conc lus ions  may t u r n  o u t  t a  be conser -  

v a t i v e .  T h e i r  l owes t  p r o j e c t i o n s  were based  on  t h e  assumption 

of an average  annual  e l e c t r i c i t y  price i n c r e a s e  of 3 . 3 3 %  of 

1 9 7 0  v a l u e s  f o r  t h i r t y  y e a r s ,  o r  a doubl ing  of  price by t h e  

y e a r  2 0 0 0 .  T h e i r  demand p r o j e c t i o n  of 2.01 t r i l l i o n  kwhr i n  

2000 used t h a t  rate of p r i c e  i n c r e a s e ,  coupled w i t h  a p o p u l a t i o n  

growth of 1 . 4 %  p e r  y e a r ,  GNP of 4 %  and p e r  capi ta  p e r s o n a l  i n -  

come growth of 2 . 9 %  per y e a r .  The expe r i ence  i n  1974 makes 

t h i s  low demand s e e m  more p o s s i b l e :  a p r i c e  i n c r e a s e  o f  24% 

o v e r  t h e  1973 l e v e l ,  p o p u l a t i o n  growth of 0 .7%,  GNP d e c l i n e  

of 2.1%, and unemployment r each ing  8% by e a r l y  1975. 
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CHAPTER Iy 

CONSERVATION 

The p o t e n t i a l  f o r  conserva t ion  measures t o  a l l e v i a t e  

c u r r e n t  f u e l  shor tages  or t o  become, i n d i v i d u a l l y  or  c o l l e c t i v e l y ,  

a v i a b l e  a l t e r n a t i v e  t o  t h e  breeder ,  i s  summarized i n  t h e  S t a t e -  

ment a s  "mixed". Some measures are s a i d  t o  o f f e r  minor r e l i e f  

b u t  involve economic and environmental  p e n a l t i e s ,  while  o t h e r s  

a r e  admit ted t o  be "worth pursuing and should be implemented 

where p r a c t i c a l "  (p.  6 C J - 1 ) .  

Among t h e  former a r e  improvements i n  resource  e x t r a c t i o n  

and power p l a n t  conversion e f f i c i e n c i e s ,  "whose t o t a l  c o n t r i b u t i o n s  

might r e s u l t  i n  sav ings  equ iva len t  t o  approx. 5% of U.S. gene ra t ing  

capac i ty  i n  t h e  yea r  2000"(p.6C.7-3). This  i s  below t h e  e s t ima te  

of 9 .7  t o  15.9% discussed  i n  S I P I ' s  comments (SIPI ,  p.  I V - 1 7  and 

1 8 ) .  There i s  no d i scuss ion  of why t h e  h igher  estimate i s  n o t  

accepted,  or even of t h e  imp l i ca t ions  of t h e  5% p r o j e c t e d  sav ings .  

The Statement  cons iders  t h a t  end-use conserva t ion  i s  a 

measure t h a t  "can r e s u l t  i n  very s u b s t a n t i a l  and worthwhile energy 

sav ings  and could apprec iab ly  lower U . S .  demand f o r  both elec- 

t r i c i t y  and t o t a l  energy usage i n  t h e  yea r s  t o  come"(pdC.7-3). 

The consensus i s  noted t h a t  a vigorous,  s u c c e s s f u l  conserva t ion  

program could reduce t o t a l  energy consumption by 30% by t h e  yea r  

2000(p6C.7-6). However, t h e  reduct ion  of 20% of demand i s  then  

t h e  only example of sav ings  by conservat ion i n  a table e n t i t l e d  

"Energy Sources f o r  E l e c t r i c i t y  Production i n  t h e  Year 2000 with-  

out  t h e  Breeder" (p .  1 1 . 1 - 2 4 ) .  Q 
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The s ta tement  docs n o t  make clear t h a t  t h e  conserva t ion  

of 30% of demand p ro jec t ed  f o r  2000 s t i l l  r e p r e s e n t s  a 50% 

g r e a t e r  p e r  c a p i t a  energy u s e  than  i n  1970 (Table 11 .2 -7 ,  

p .  11.2-53) o r  over 3% t i m e s  g r e a t e r  p e r  c a p i t a  e lec t r ica l  use 

than  i n  1970  (p .  11.2-58). 

The Statement  s ta tes  t h a t  t h e  inconveniences t o  t h e  p u b l i c  

and changes i n  l i f e  s t y l e  t h a t  would be caused by a sav ings  of 

30% of energy through conservat ion by 2 0 0 0 ,  would be "moderate 

t o  severe"  (p .  6C.8-1). However, our  review of t h e  seven programs 

descr ibed  on pages 6C.6-1 through 1 9 ,  i n d i c a t e s  t h a t  t hose  a l -  

lowing f o r  1 .7% t o  2 .0% f u t u r e  energy growth r a t e  a s  opposed t o  

h i s t o r i c a l  growth of a b o u t  3.5% imply no hinderance of n a t i o n a l  

economic growth o r  change i n  l i f e  s t y l e ,  y i e l d i n g  up t o  a p r o j e c t e d  

36% p r o j e c t e d  t o t a l  energy sav ings  by 2000.  The Subpanel X I 1  

program f o r  30% sav ings ,  f o r  example, depends on inc reased  

e f f i c i e n c y  of processes  and products ,  and n o t  on such measures 

a s  gas r a t i o n i n g ,  p r o h i b i t i v e  t a x a t i o n ,  o r  d e l i b e r a t e l y  keeping  

houses less comfortable (p .  6C .6 -16) .  

Moveover, t h e  S ta t emen t ' s  d i scuss ion  of t h e s e  programs i s  

n o t  s e n s i t i v e  t o  how t h e i r  p r e d i c t i o n s  relate t o  r e c e n t  develop- 

ments. I n  p a r t i c u l a r ,  t h e  concurrent  e f f e c t  of sav ings  through 

conserva t ion  coupled wi th  lower demand is n o t  considered.  The 

conserva t ion  f o r e c a s t s  of t h e  AEC Of f i ce  of Planning and Analys is ,  

for  i n s t a n c e ,  a r e  based on an assumed popula t ion  of 2 7 1  m i l l i o n  

i n  t h e  yea r  2 0 0 0 ,  which i s  t h e  high p r o j e c t i o n  accepted i n  t h e  

Statement .  I t  i s  n o t  c l e a r  what t h e  assumed popula t ion  i s  i n  t h e  

o t h e r  s t u d i e s .  
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L i k e w i s e ,  t h e  O f f i c e  of Emergency P repa redness  program 

p r o j e c t s  a t o t a l  energy  sav ings  of  23% t o  25% by 1990 i f  t h e  

e l e c t r i c a l  growth ra te  f a l l s  from 6 %  t o  4.5% (P06C.6 -3 ) . In  1974,  

t h i s  ra te  a c t u a l l y  f e l l  .56% under  t h e  1973 l e v e l . *  

The S t a t e m e n t ' s  s e c t i o n  on s p e c i f i c  c o n s e r v a t i o n  a c t i o n s  

does n o t  g i v e  s u f f i c i e n t  coverage t o  t h e  merits of  automated 

energy and e l e c t r i c i t y  conse rva t ion  sys tems,  a l though  it does  

n o t e  t h a t  computer c o n t r o l  of f u e l  management i n  s teel  m i l l s  h a s  

y i e l e d  a 25% f u e l  s a v i n g s  (p .  6C.6-20). There is no d i s c u s s i o n  

of t h e  commercial a p p l i c a t i o n  o f  automated sys t ems ,  b u t  o n l y  of  

less r e l i a b l e  pe r sonne l -d i r ec t ed  conse rva t ion  p r a c t i c e s  

(p .  6C.6-23). 

Both IBM and Honeywell have marketed computer c o n t r o l l e d  

power mafiagement systczs. These syster;ls ~:egiliiilst: iiie use of neac- 

i n g ,  l i g h t i n g  and a i r  c o n d i t i o n i n g ,  and reduce  peak l o a d s  w h i l e  

ma in ta in ing  comfor tab le  c o n d i t i o n s .  More t h a n  1 0 0  companies have 

r e p o r t e d  a s a v i n g s  of 1 0 %  t o  20% i n  e l e c t r i c i t y  consumption a f t e r  

i n s t a l l i n g  t h e  IBM System/7. The System has  been i n s t a l l e d  i n  

o f f i c e  b u i l d i n g s  , a i r l i n e  f a c i l i t i e s  , d i s t r i b u t i o n  i n d u s t r i e s  , 
manufac tur ing  f a c i l i t i e s ,  shopping c e n t e r s ,  p r o c e s s - o r i e n t e d  

i n d u s t r i e s ,  and u n i v e r s i t i e s .  One u s e r  i n  F l o r i d a  estimates t h e  

s a v i n g s  i n  h i s  b u i l d i n g  a t  c u r r e n t  e l e c t r i c i t y  ra tes  cou ld  r e a c h  

$100 , 0 0 0  p e r  year .** 

* "1975 Annual S t a t i s t i c a l  Report"  , Elec t r i ca l  World, 
March 15 ,  1975, p .  66. 

* * L e t t e r  from James E.  Ca in ,  In fo rma t ion  Department,  I n t e r n a t i o n a l  
Bus iness  Machines Corpora t ion ,  A t l a n t a ,  February 1 4 ,  1975; IBM 
Adver t i sement ,  "HOW more than  1 0 0  companies have c u t  t h e i r  
c l c c t r i c i t v  b i l l s  LY 1 0 % .  AL l e d s t . ' '  
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A t  IBM'S own i n s t a l l a t i o n s ,  f o r  a twelve  month p e r i o d  

beginning  November 1973, f u e l  usage w a s  reduced 31.3% and 

e l e c t r i c i t y  usage by 22.3%. This  was e s t i m a t e d  t o  be enough o i l  

t o  s e r v e  18,000 homes i n  t h e  Nor theas t  f o r  a y e a r ,  and enough 

e l e c t r i c i t y  t o  s e r v e  45 ,000  homes f o r  a y e a r . *  

N e v e r t h e l e s s ,  t h e  S ta tement  concludes t h a t  f a i l u r e  t o  develop  

t h e  LMF'BR " i n  t h e  e x p e c t a t i o n  t h a t  (it) may n o t  be needed due 

t o  p o s s i b l y  l e s sened  f u t u r e  energy requi rements  from a s u c c e s s f u l  

c o n s e r v a t i o n  program would b e  unwise"(p.6C.8-2) .  Th i s  i s  l a r g e l y  

based on t h e  fear  t h a t  " t h e r e  i s  no a s su rance  a t  t h i s  t i m e  t h a t  

f u t u r e  energy demand w i l l  b e  s u b s t a n t i a l l y  reduced by conser -  

v a t i o n  p r a c t i c e s "  (6-6c .8-1)  

Rather  t h a n  expand i t s  own r a t i o n a l e  o f  why abandonment o f  

th-a b r c c k r  ii-i favor  o f  conse rva t ion  programs might  be unwise,  

t h e  S ta tement  re l ies  f o r  xeinforcement  on s e v e r a l  b r i e f  q u o t e s  

from peop le  o u t s i d e  t h e  l e a d  agency, who e x p r e s s  t h e i r  o p i n i o n s  

t h a t  " c o n s e r v a t i o n  is n o t  the  complete o r  f i n a l  answer t o  t h e  

energy crisis" as fo l lows :  

1) J. W. Simpson, i n  an addres s  t o  t h e  American Nuclear  

S o c i e t y ,  s a i d  t h a t  conse rva t ion  a l o n e  cannot  s o l v e  t h e  long-term 

problem, and t h a t  a reduced s t a n d a r d  of  l i v i n g  f o r  Americans 

would n o t  s o l v e  t h e  world energy problem (p.  6C.7-10, 11). 

* 1974 Annual Repor t ,  IBM Corp. ,  p .  15.  
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The breeder  a lone ,  of course ,  does no t  s o l v e  t h e  long-term 

problem e i t h e r ,  i t s  maximum p r o j e c t i o n  be ing  f o r  t h e  supply of 

23% of need i n  t h e  year  2000. 

Waste a t  t h e  p o i n t  of consumption has  been i d e n t i f i e d  by 

t h e  Federal  Power Commision a s  an imbalance t h a t  ex i s t s  i n  o u r  

n a t i o n a l  energy system."  Indeed, European a n a l y s t s  a r e  r epor t ed  

t o  be worrying t h a t  energy sav ings  i n  o t h e r  na t ions  w i l l  be 

squandered by America's p r o f l i g a t e  usage. 

a t  conservat ion have been c a l l e d  a "negat ive example (which) 

Our minimal e f f o r t s  

weakens t h e  economizing z e a l  elsewhere".  Between January and 

J u n e  1974, f o r  example, America t r a i l e d  a l l  European c o u n t r i e s  

except  I t a l y  i n  curbing o i l  consumption:** 

Country 

B e l g i u m  
Denmark 
Germany 
Nether lands 
B r i t  a i  n 
France 
United S t a t e s  
I t a l y  

Saving 

19.4% 
18.6% 
14.3% 
14.2% 
9.5% 
5.7% 
4.9% 
3.7% 

2) Jack Moore , Southern C a l i f o r n i a  Edison Company , wrote 

t h a t  conservat ion measures can go only so f a r  and provide  only 

temporary r e l i e f  (p .  6C. 7-11) . 
I n  c o n t r a s t ,  t h e  P r o j e c t  Independence Report sugges ts  t h a t  

" w e  may view mnse rva t ion  measures o r  t he  energy which i s  o the r -  

w i s e  wasted,  a s  a p o t e n t i a l  energy resource ". Among t h e  b e n e f i t s  

* The Report and Recommendations of t h e  Task Force on P r a c t i c e s  
and Standards t o  t h e  Technical  Advisory Committee on Conser- 
va t ion  of Energy, Nat iona l  Power Survey P r a c t i c e s  and Standards 
Oppor tuni t ies  f o r  Energy Conservat ion,  Federa l  Power Commission 
December 1973, pp. 5,6. 

**Richard F. T a n s s e n  , "The O u t l O Q k " ,  Wall _..-__ Street Jourr.21, 
February 10, 1975, p. 1. 
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of  conse rva t ion  noted  i n  t h e  r e p o r t  are t h e  e l i m i n a t i o n  of 

p o l l u t a n t s  associated w i t h  p roduc t ion  and consumption of t h a t  

energy ,  and phas ing  o u t  of use  t h e  "smaller, d i r t i e r  power p l a n t s  

more r a p i d l y " ,  as w e l l  as r educ ing  growth i n  new areas f o r  energy  

p roduc t ion .  * 
3)  Carl Bagge, National Coal A s s o c i a t i o n ,  wrote t h a t  con- 

se rva t ion  i s  d i f f i c u l t  t o  mandate,  and t h a t  adop t ion  o f  measures 

would r e p r e s e n t  a h a r d s h i p  t o  i n d u s t r y  (p. 6 C . 7 - 1 1 ) .  

I n  t h i s  r e g a r d ,  t h e  S ta tement  f a i l e d  t o  c o n s i d e r  such  ex- 

p e r i e n c e  as t h e  r e sponse  of Los Angeles t o  t h e i r  s h o r t a g e  i n  gen- 

e r a t i n g  f u e l s .  I n  December 1973,  t h e  C i t y  mandated a r e d u c t i o n  

i n  t h e  consumption of e l e c t r i c i t y ,  w i t h  p e n a l t i e s  a u t h o r i z e d  

f o r  u s i n g  more than  w a s  a l lowed.  The e f f e c t  was immediate, w i t h  

consumption down 1 4 %  by t h e  end o f  t h e  f i r s t  week, and e v e n t u a l  

average  r e d u c t i o n s  as fo l lows :  

P e r c e n t  o f  T o t a l  Average P e r c e n t  Reduct ion i n  
S e c t o r  E lec t r ica l  U s e  E l e c t r i c i t y  Consumption 

Comme r c i  a 1 
Res ident  i a1 25-30 
I n d u s t r i a l  20-25 

50 28 
1 8  
1 0  

Es t ab l i shmen t s  surveyed * h a i n t a i n e d  uses t h a t  were cons ide red  

v i t a l ,  and m o s t  r e p o r t e d  no economic h a r d s h i p  as a r e s u l t  o f  con- 

s e r v a t i o n  measures.  A f t e r  suspens ion  of t h e  c o n s e r v a t i o n  

ord inance ,when o i l  s u p p l i e s  improved, consumption ra tes  remained 

1 4 %  below t h e  p rev ious  y e a r ' s  l e v e l .  

* F e d e r a l  Energy Admin i s t r a t ion ,  P r o j e c t  Independence Repor t ,  
November 1974, p .  201.  

* * J u d i t h  Wheeler,  Morl ie  Graubard,  & Jan  P a u l  Actcn,  How Business  
i n  Los Angeles Cut Energy Use by 20  p e r c e n t ,  F e d e r a l  Energy 
Admin i s t r a t ion ,  Washington, D . C . ,  January  1975, pp 1 - 6 .  
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4) Milton Levenson, E lec t r ic  Power Research I n s t i t u t e  , 
wrote t h a t  h i s t o r i c a l  p r o j e c t i o n s  of popula t ion  and p e r  c a p i t a  

u s e  of e l e c t r i c i t y  i n d i c a t e  inc reased  product ion w i l l  be a prime 

s o c i e t a l  demand, rendering t h e  n e t  success  of conserva t ion  

un l ike ly  (p.  6C.  7-12) . 
Our chap te r  on "Pro jec t ions  of Future  Elec t r ica l  Demand" 

showed repea ted ly  t h a t  h i s t o r i c a l  p r o j e c t i o n s  are no longer  v a l i d .  

For i n s t a n c e ,  M r .  Levenson s a i d  i n  Apr i l  1974 t h a t  "even wi th  t h e  

m o s t  conserva t ive  p r o j e c t i o n s  of popula t ion  growth du r ing  t h e  

next  30 y e a r s ,  w e  expect  a 30% t o  40% i n c r e a s e  i n  t h e  n a t i o n ' s  

t o t a l  popula t ion" .  I n  c o n t r a s t ,  t h e  1975 p r o j e c t i o n s  of t h e  U . S .  

Bureau of t h e  Census range between 13% and 26% i n c r e a s e  over  

p r e s e n t  popula t ion  by t h e  y e a r  2000.  

for the f e r t i l i t y  r a t e  assi.med in the  S ta tmezt ,  even t h c  7.E:: 

would accept  a popula t ion  growth of 19% by 2000." 

Using t h e  l a t e s t  p r o j e c t i o n s  

The Sta tement ' s  pas s ive  a t t i t u d e  toward promoting conservat ion 

measures i s  a t  var iance  wi th  ERDA's  new mandate "toward t h e  g o a l  

of reducing t o t a l  energy consumption t o  t h e  maximum e x t e n t  

p r a c t i c a b l e ,  and toward maximum p o s s i b l e  improvement i n  t h e  

e f f i c i e n c y  of energy use .  Development of new and improved con- 

s e r v a t i o n  measures s h a l l  be conducted wi th  t h e  goa l  of t h e  most 

expedi t ious  p o s s i b l e  a p p l i c a t i o n  of t h e s e  measures".** 

*News Release CB75-29, U.S. Department of Commerce, 
February 1 0 ,  1975, p.  1. 

**Energy Reorganizat ion A c t  of 1974, P.  L. 93-438, 
Sec t ion  1 0 2  ( 8 )  , emphasis added. 
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This  new g o a l  was emphasized by Robert  C.  Seamans, J r . ,  

Admin i s t r a t ion  o f  ERDA, a t  t h e  February 2 6 ,  1975,  Regional  

Meeting of t h e  E lec t r i c  Power Research I n s t i t u t e  i n  Washington, D . C . ,  

when he named energy conse rva t ion  as t h e  f i r s t  major p r i n c i p a l  

of  energy development " t h a t  t h e  Nat ion  must fo l low i f  w e  are t o  

ma in ta in  o u r  way of l i f e " . *  Fuel  u se  e f f i c i e n c y  was t h e  second 

p r i n c i p a l  he named, and advanced energy t echno log ie s  were t h i r d .  

C l e a r l y  t h e r e  has  been a r e v e r s a l  of  p r i o r i t i e s  on t h e  conser-  

v a t i o n  i s s u e  s i n c e  t h e  t i m e  when t h e  AEC d i r e c t e d  energy  p o l i c y .  

T h i s  i s  n o t  r e ' f l e c t e d  i n  t h e  S ta tement .  

* In fo rma t ion  from ERDA, Washington, D . C . ,  March 5 ,  1 9 7 5 ,  p .  2 .  
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CHAPTER V 

EVALUATIONS RE GARDIN G ALTERNATE TECHNOLOGIES 

SIP1 considered t h e  g r e a t e s t  de f i c i ency  of t h e  Dra f t  S t a t e -  

ment t o  be t h e  lack  of a comprehensive, balanced energy program, 

comparing t h e  cos t -bene f i t  of t h e  LMFBR program a g a i n s t  conserva- 

t i o n  measures r e s u l t i n g  i n  lower demand, coupled wi th  r a p i d  de- 

velopment of a l t e r n a t i v e s ,  such a s  d i r e c t  and i n d i r e c t  s o l a r ,  and 

geothermal technologies .  

Although t h e  Statement d i scusses  conserva t ion  programs and 

a l t e r n a t e  technologies  t o  some e x t e n t ,  it gene ra l ly  t reats  them 

i n d i v i d u a l l y  r a t h e r  than  as p a r t  of a prudent  mix. 

chap te r  on "Al t e rna t ive  S t r a t e g i e s  f o r  Responding t o  Future  

Ezczy2- EZCjGizeikeiiLEi'' (p .  1.6-5) , iiie s t r d i e y i e s  are i d e n t i f i e d  as : 

I n  t h e  

1. 

2 .  

t o  p l an  f o r  a f u t u r e  supply below p r e d i c t e d  demand, 

t o  m e e t  p r e d i c t e d  needs by r e l y i n g  on e x i s t i n g  
sources  , t h e  LMFBR, o t h e r  f i s s i o n  breeders  , or 
development of advanced nonf i s s ion  a l t e r n a t i v e s .  

3 .  a "mix" of va r ious  energy opt ions .  

i s  selected i n  t h e  Statement as t h e  "more r ea l i s t i c  A l l ~ x "  

s t r a t egy ' ' ,  and r e fe rence  i s  made t o  Sec t ion  11.3., t h e  "Conclusion" 

of t h e  cos t -bene f i t  ana lys i s .  

b e n e f i t s  of t h e  LMFBR program on ly ,  and no mention of a mix of 

var ious  energy op t ions ,  except  i n  regard t o  environmental  impacts ,  

where t h e  a l t e r n a t i v e s  a r e  r e s t r i c t e d  t o  o t h e r  types  of nuc lea r  

f i s s i o n  and coa l - f i r ed  p l a n t s  only 

Y e t  he re  one f i n d s  enumeration of 

(11.3-1 t o  3 ) .  
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The c o n s i d e r a t i o n . o f  a l t e r n a t i v e s  i n  t h e  Stateinent i s  

gene ra l ly  i n  v i o l a t i o n  of t h e  Counci l  on Environmental  Q u a l i t y  

gu ide l ines  f o r  an environmental  impact s ta tement ,  a s  summarized 

by Enk:* 

A l t e r n a t i v e  a c t i o n s  must be weighed o b j e c t i v e l y ;  t h e r e  
mus t  be no s l a n t i n g  o r  s l i g h t i n g  of information t o  
d i sc r imina te  f o r  o r  a g a i n s t  any p r o j e c t  a l t e r n a t i v e .  
A l t e rna t ive  a c t i o n s  must  be developed r igo rous ly  i n  
t h e  impact s ta tement .  Object ive a n a l y s i s  of t h e  c o s t s  
and impacts of  t h e s e  a l t e r n a t i v e s  mus t  be inc luded ,  so 
t h a t  less de t r imen ta l  op t ions  are not  prematurely 
e l imina ted  because of s l i g h t i n g  and s l a n t i n g  of i n f o r -  
mation. 

Discussion fol lows of t h e  S ta tement ' s  t rea tment  of 

spec i f ic  a l t e r n a t i v e  techologies .  

Minimization of t h e  Cont r ibu t ion  of S o l a r  Energy: 
Misrepresenta t ion  of t h e  NSF/NASA Report 

S o l a r  energy has been c a l l e d  the  most benign of t h e  

inexhaus t ib l e  energy sources. Y e t  t h e  Statement has  n o t  only 

minimized t h e  p o s s i b l e  con t r ibu t ion  from solar energy between 

2000 and 2 0 2 0 ,  b u t  has  a l s o  f a i l e d  t o  d e a l  f a i r l y  wi th  t h e  

p o t e n t i a l  con t r ibu t ion  beyond t h e  year  2020.  Although t h e  

Statement  mentions t h e  p r o j e c t i o n s  of s e v e r a l  s t u d i e s  i t  f a i l s  

t o  r e p o r t  e s t ima tes  t h a t  solar energy may u l t i m a t e l y  supply 100% 

of o u r  e l e c t r i c a l  demand. According t o  t h e  Mitre r e p o r t ,  t h r e e  

*Gordon A. Enk, Beyond NEPA: C r i t e r i a  f o r  Environmental Impact 
Review, . -- The I n s t i t u t e  on Man and Science,  R e n s s e l a e r v i l l e ,  N . Y . ,  
~.lay 1973, p. 1 9 .  
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solar energy systems can each do so: 

pho tovo l t a i c ,  and ocean thermal  conversion.* 

and NSP/NASA*** p r o j e c t  a poss ib le  100% supply of e l e c t r i c a l  

demand from ocean thermal  conversion. 

solar thermal  conversion,  

Both Subpanel IX** 

The Statement  r e p o r t s  t h e  t o t a l  electric c o n t r i b u t i o n  of 

s o l a r  energy according t o  N S F f i A S A  t o  be less than  5% (p .  6 A . 5 - 1 8 ) .  

Elsewhere it claims t h a t  it has adopted t h e  N S F / N A S A  e s t i m a t e  of  

1% a s  t h e  p o t e n t i a l  c o n t r i b u t i o n  of solar  t o  e lectr ic  conversion 

by t h e  yea r  2000 (p. 11.1-19). I n  f a c t ,  N S F / N A S A  estimates f o r  

e lectr ic  power gene ra t ion  by var ious  solar  technologies  are a s  

follows:**** 

System 

Thermal conversion 
Wind energy conversion 
Ocean thermal d i f f e r e n c e  
Pho tovo l t a i c  

Systems on bu i ld ings  
Ground s t a t i o n s  
Space s t a t i o n s  

Est imated pe rcen t  of 
market cap tu red  by 
t h e  y e a r  2000 

1 
1 
1 

5 
1 
1 

*Mitre Corporat ion,  Systems Analysis  of S o l a r  Energy Programs, 
MTR 6513, December 1973, p. 120 .  

**Subpanel I X ,  S o l a r  and o t h e r  Energy Sources,  October i973,  
p .  1 2 0 .  

***NSF/NASA S o l a r  Energy Panel ,  S o l a r  Energy as a Nat iona l  
Energy Resource, Cecember 1 9 7 2 ,  p .  73. 

****Ibid,  p .  10 

Q 



V.66-71 

V-4 

The NSF/NASA Panel  s ta tes  t h a t  t h e s e  estimates are n o t  

n e c e s s a r i l y  a d d i t i v e ,  s i n c e  no t  a l l  systems w i l l  be c a r r i e d  t o  

commercial readiness .  Never the less ,  they cons ider  t h e i r  judgement 

t o  be less than  t h e  maximum poss ib l e .  Nowhere do they  select t h e  

p o t e n t i a l  of 1% o r  less than  5 %  as quoted i n  t h e  Statement .  

NSF/NASA estimates are much 'lower than  those  i n  o t h e r  s t u d i e s  , 
notably  t h e  Mitre and Subpanel I X  r e p o r t s .  

The 

Reduced Costs  f o r  Transmission Lines i n  S o l a r  
Pho tovo l t a i c  Svs t e m s  

The Statement  c la ims t h a t  SIPI's observa t ion  regard ing  sav ings  

from e l imina t ion  of e lectr ic  power d i s t r i b u t i o n  and t r ansmiss ion  

c o s t s  i s  "be l ieved  erroneous" (p.  6A.5-27), because according t o  

t h e  NSF/NASA Panel  Report ,  Solar Energy a s  a Nat iona l  Energy 

Resoiirce, ' I , .  . . .p rovid ing  more the? c?le <a;. 9f s t c r q c  wzzl2 !x 

uneconomical.....' ' Thus, solar  e l e c t r i c  systems f o r  b u i l d i n g s  

would r e q u i r e  an external  source of e l e c t r i c i t y  dur ing  a series 

of cloudy days ,  and t h e  r equ i r ed  e x t e r n a l  capac i ty  (gene ra t ing  

p l a n t ,  t ransmiss ion  systems, and d i s t r i b u t i o n  network) would n o t  

be reduced s i g n i f i c a n t l y .  The Statement concludes,  on these 

grounds , t h a t  "Solar  e lectr ic  sys tems f o r  bu i ld ings  would s ave  

f u e l  b u t  would not  m a t e r i a l l y  a f f e c t  t h e  local  u t i l i t i e s '  i n v e s t -  

ment i n  power f a c i l i t i e S ' .  
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That t h i s  conclusion f a i l s  t o  c o n t r a d i c t  t h e  o r i g i n a l  SIP1 

cr i t ic ism can be seen from t h e  fol lowing:  

1. The s ta tement  c i t e d  from t h e  NSF/NASA Panel  r e f e r s  

t o  t h e  c o n t r i b u t i o n  of t h e  cost of a s t o r a g e  f a c i l i t y  

t o  t h e  o v e r a l l  cost of e l e c t r i c i t y .  What i s  a t  i s s u e  

i n  t h i s  d i scuss ion ,  however, i s  t h e  c o s t  of s t o r i n g  

s u f f i c i e n t  energy t o  cover pe r iods  of inadequate  s o l a r  

i n p u t  r e l a t i v e  t o  t h e  cost of an e x t e r n a l  a u x i l i a r y  

power source.  S ince  t ransmiss ion  l i n e s  r e p r e s e n t  an 

apprec i ab le  f r a c t i o n  of t h e  t o t a l  c a p i t a l  costs f o r  

convent ional  c e n t r a l  power systems (about  4 2 %  i n  

19701, t h e r e  is cons iderable  leeway t o  add t o  t h e  

expense of a b u i l d i n g  solar power system s u t f i c i e n t  

s t o r a g e  capac i ty  t o  completely e l i m i n a t e  t h e  

a u x i l i a r y  system. 

2.  I f  b u i l d i n g  solar power systems do r e q u i r e  an o u t s i d e  

s t a n d  by source ,  t h i s  requirement can be r e a d i l y  m e t  

wi thout  c o n s t r u c t i n g  a c e n t r a l  power p l a n t  and 

d i s t r i b u t i o n  system. For example, t h i s  requirement 

could be m e t  by i n s t a l l i n g  a s t a n d  by f u e l  ce l l  system 

and hydrogen s t o r a g e  capac i ty .  Hydrogen could then  be 

produced and s t o r e d  a t  a c e n t r a l  power p l a n t  ( p r e f e r a b l y  

solar)  and d i s t r i b u t e d  t o  bu i ld ings  i n  t anks ,  f o r  u s e  

when needed. Such a system would thereby achieve t h e  
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complete elimination of t h e  d i s t r i b u t i o n  system 

envis ioned i n  t h e  o r i g i n a l  SIP1 comment. 

S o l a r  Thermal Conversion 

I n  d i scuss ing  t h e  c o s t s  of s o l a r  thermal conversion t h e  

Statement  concludes: 

Assuming s o l a r  thermal conversion p l a n t s  could produce 
supplemental  power f o r  25 t o  45 mills/kwhr (as e s t ima ted  
by Subpanel I X ) ,  t h e  p r i c e s  of f u e l  resources  a t  which 
supplemental  power from solar p l a n t s  woukd be compet i t ive  
are : 

O i l  : $11 t o  $20 per  b a r r e l  ( P e a k i n g  u n i t s  
a t  25% e f f i c i e n c y )  

Coal : $70 t o  $127 pe r  ton  (Base and 
in t e rmed ia t e  load u n i t s  a t  40% 
e f f i c i e n c y  1 

Nuclear  (LWR): $390 t o  $725 p e r  pound of U 0 
(Baseload u n i t  a t  32% 
e f  Ziciericy) 

3 8  

Thus, t h e r e  i s  l i t t l e  p o s s i b i l i t y  t h a t  s o l a r  thermal  conver- 
s i o n  p l a n t s  w i l l  d i s p l a c e  e i t h e r  coa l  o r  nuc lear  gene ra t ion  
s i n c e  t h e  supply of coa l  and uranium a t  p r i c e s  s i g n i f i c a n t l y  
below those  shown above would l a s t  w e l l  over a century 

The Statement  a l s o  c i tes  t h e  f ind ings  of  t h e  Oak Ridge Nat iona l  

(p .  6A.5-26). 

Laboratory as: 
I 

Est imates  of p r i c e s  t h a t  coal and u r a n i 4  ore would have t o  
reach before  s o l a r  energy would be compeFitive were $40 p e r  
ton  of coa l  and $250 p e r  pound of U308, r e s p e c t i v e l y .  The 
s tudy concluded t h a t . . . s u f f i c i e n t  coa l  i s  e v a i l a b l e  i n  t h e  
United S t a t e s  a t  c o s t s  w e l l  below-$40 p e r  t o n  t o  l a s t  longer  
than  t h e  uranium ( a  century)  even i f  an ;Illowance i s  ma& 
f o r  t h e  c o s t  of measures r equ i r ed  t o  ove? come t h e  e f f e c t s  
of coal mining and process ing  on t h e  environment (p.6A.5-25). 

I 
I 
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Recent d a t a  sugges ts  t h a t  t h e  p r i c e s  on coa l  and o i l  have 

r i s e n  t o  t h e  p o i n t  where s o l a r  thermal conversion may become 

competi t ive w e l l  be fo re  t h e  te rmina t ion  of t h e  century.  Using 

t h e  S ta tement ' s  range o f  competi t ive cost e s t i m a t e s ,  o i l  has 

a l ready  reached i t s  competi t ive range. A b a r r e l  of o i l  c o s t  

$13.07 p e r  b a r r e l  i n  February 1975,* w e l l  w i t h i n  t h e  $11 t o  

$20  p e r  b a r r e l  range t h e  Statement had quoted above. 

Coal has  r i s e n  i n  p r i c e  from $7.08 p e r  t on  i n  1970,** 

when many a i r  p o l u t i o n  s tandards  w e r e  n o t  y e t  enac ted  o r  

enforced ,  t o  t h e  p o i n t  where some e lec t r ic  u t i l i t i e s  are now 

paying over $40 p e r  t o n  i n  1975.*** This  p r i c e  e s c a l a t i o n  f o r  

coa l  has  a l r eady  reached t h e  p r i c e  quoted by t h e  Oak Ridge 

Nat iona l  Laboratory a n d  has 5 ,  snme a rea% rise= FLI ~ l ; 7  5 y e z s  

from 1 0 %  t o  60% of t h e  p r i c e  quoted by t h e  Statement  a s  

competi t ive.  

These f i g u r e s  i n d i c a t e  t h a t  t h e  S ta tement ' s  conclusion t h a t  

s o l a r  thermal conversion w i l l  no t  be competi t ive f o r  w e l l  over  

a century i s  i n v a l i d  (p.6A.5-26). S o l a r  thermal conversion may 

a l ready  be competi t ive i n  reg ions  of t h e  SouthlJest. Even i f  

*New York T i m e s ,  February 26, 1975, P a r t  111, Sec. 3;p. 57. 
Saudi Arabia Light  C r u d e  i n  d o l l a r s / b a r r e l :  $11 .25 .  938 of 
t h i s  = $10.46/barrel  p l u s  $1.40 AFRA F re igh t  , p lus  $1 .2 l /ba r re l  
U . S .  import du ty ,  comes t o  $13.07/barrel .  

* * E l e c t r i c  U t i l i t i e s  F u e l  C o s t s ,  Edison E l e c t r i c  I n s t i t u t e ,  N.Y.  

***Public Se rv ice  of N e w  J e r sey  pays $43.78/ton of coal f o r  
e l e c t r i c a l  genera t ion .  Frank Hummler, Pub l i c  Information O f f i c e r ,  
a t t r i b u t e s  much of t h i s  c o s t  t o  environmental  cons ide ra t ions  s u c h  
3s  a i r  qi.ia.1Fty s.nd s t r i p  ninific: ccnt rc ls .  Tzlzphxr?  i f i tcrvicw,  
March 25, 1975. 
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s o l a r  thermal conversion i s  employed as a supplemental  power 

source, t h e  sav ings  i n  f o s s i l  f u e l  costs and consumption are 

much too l a r g e  t o  be ignored o r  l i g h t l y  passed over .  I f  s o l a r  

thermal conversion wi th  l i m i t e d  s to rage  can supply only 1 / 2  o r  

1/3 of t h e  d a i l y  gene ra t ion  demand, t h e  imp l i ca t ions  of t h i s  

conserva t ion  on t h e  energy s i t u a t i o n  wi th  r e s p e c t  t o  e l e c t r i c a l  

gene ra t ion  i s  s i g n i f i c a n t .  

A s  t o  t h e  percentage  of e l e c t r i c a l  gene ra t ion  t h a t  can be 

m e t  by s o l a r  thermal-conversion, t h e  Statement  shows i n  Table 

6A.5-3 (p .  6A.5-17) t h e  NSF/NASA market p e n e t r a t i o n  of 

e l e c t r i c a l  energy by s o l a r  thermal  conversion a t  5%. The 

NSF/NASA r e p o r t  does show t h a t  they b e l i e v e  t h e  r e a l i s t i c  

- - . - l r ~ 4 -  - L < - -  -c sal;r LI- _.-_ 7 - _ - - - - _ - -  ,+IILCrucIv.. L I I C L I L L U L  C u u v c A a i G i i  ~ L C I I ’ L S  w i l l  be 

approximately 5% of t h e  n a t i o n ’ s  genera t ion  capac i ty  i n  t h e  

y e a r  2020.*  However, they a l s o  s t a t e  t h a t  a 20% gene ra t ing  

capac i ty  (market p e n e t r a t i o n )  i s  p o s s i b l e  i n  t h e  y e a r  2 0 2 0 .  ** 
This f i g u r e  corresponds t o  t h e  30% and 29% f i g u r e s  given by 

Subpanel I X  and MITRE r e p o r t s .  

I n  view of r e c e n t  p r i c e  e s c a l a t i o n s  i n  t h e  c o s t s  of f u e l  

o i l  and c o a l ,  t h e  Statement should re -eva lua te  i t s  conclusion 

a s  t o  t h e  time pe r iod  i n  which s o l a r  thermal conversion may 

become c o s t  compet i t ive.  Fu r the r ,  t h e  Statement  ought t o  more 

-~ ~ 

*NSF/NASA, p .  1 0 .  

**Ib id ,  p .  51 
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comprehensively cover t h e  q u a n t i t a t i v e  cent ra l  s t a t i o n  gene ra t ion  

c a p a c i t i e s  of s o l a r  thermal conversion i f  promising s t o r a g e  

technologies  are developed i n  t h e  t i m e  con tex t  of t h e  yea r  2020.  

Ocean-Thermal Gradient  Systems 

Af te r  a r e s t r i c t e d  t rea tment  of t h e  c a p a b i l i t i e s  of ocean 

thermal  g r a d i e n t  p l a n t s ,  t h e  Statement  concludes t h a t  "Ocean 

thermal  g r a d i e n t  p l a n t s  are, a t  p r e s e n t ,  only i n  t h e  conceptual  

s t age .  A s  such, t h e r e  i s  very l i t t l e  b a s i s  on which t o  make a 

meaningful assessment (p.6A.6-5). However, a demonstrat ion 

p l a n t ,  such as Claude 's  i n  1930 (p.6A.6-51, and t h e  f i n d i n g s  

r epor t ed  i n  t h e  1972  NSFPASA, 1973 MITRE, and 1973 Subpanel I X  

r e p o r t s  a l l  show s i g n i f i c a n t  b a s i s  on which t o  make a "meaningful 

assessment".  

The Statement  goes on t o  conclude t h a t  "Af ter  completion of 

t h e  5 yea r  program recommended i n  'The Na t ion ' s  Energy F u t u r e ' ,  

t e c h n i c a l  and economic f e a s i b i l i t y  may be  more c l e a r l y  

e s t a b l i s h e d .  A t  p r e s e n t ,  however, t h e r e  i s  no reasonable  b a s i s  

f o r  p r o j e c t i n g  a s i g n i f i c a n t  energy c o n t r i b u t i o n  from ocean 

thermal g r a d i e n t  p l a n t s  i n  t h i s  century" (p.6A.6-8). 

While t e c h n i c a l  f e a s i b i l i t y  has  a l ready  been e s t a b l i s h e d ,  

economic f e a s i b i l i t y  w i l l  need t o  be more thoroughly researched ,  

as i n  a l l  new technologies .  E s t i m a t e s  of c o s t s  c i t e d  i n  t h e  

S t a t e n e n t  range from $168 t o  $800 p e r  kw f o r  ocean thermal 

g r a d i e n t s  (p.6A.6-6,7) and $368 p e r  kwe t o  $520 p e r  kwe f o r  t h e  
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LMFBR (p . l l . 2 -11 ) .  Other r e p o r t s  from t h e  AEC i t s e l f  claim the 

c o s t s  of nuclear power product ion t o  be closer t o  $700 p e r  kwe.* 

The range of cost e s t ima tes  of t h e  LMFBR program do n o t  

appear t o  be s u b s t a n t i a l l y  s t a b i l i z e d  or  remarkably lower when 

compared t o  t h e  ocean thermal g rad ien t  systems. 

A s  p rev ious ly  noted i n  SIPI's comments, "When it  comes t o  

t h e  breeder  t h e  AEC i s  able t o  see w e l l  i n t o  t h e  21s t  cen tury"  

(SIPI, p.V-32). Y e t  t h e  Statement  restricts i t s  assessment of 

ocean thermal4 g rad ien t  p l a n t s  t o  " t h i s  century or t o  be fo re  t h e  

y e a r  2000"  (p.6A.6-8). This  f a i l s  t o  cons ider  t h e  s i g n i f i c a n t  

amounts of electrical  demand t h a t  can be supp l i ed  by t h e  yea r  

2 0 2 0 ,  as s t a t e d  i n  t h e  1972  NSF/NASA r e p o r t  and t h e  1973 r e p o r t  

of the I."ITRZ Carparation ( S i i ? i ,  p .  V - 3 3 j .  

The NSF/NASA r e p o r t  claims 1% of t h e  electrical  demand i n  

t h e  y e a r  2000 and 10% i n  t h e  yea r  2020 can be met by ocean 

thermal g r a d i e n t  p l a n t s .  

t h e  year  2000 and 1 0 %  by t h e  y e a r  2 0 2 0 .  The Statement  c i t e s  

b u t  one p r o j e c t i o n  f o r  ocean thermal g r a d i e n t  p l a n t  e l e c t r i c a l  

gene ra t ion  and t h a t  i s  t h e  1% e l e c t r i c a l  demand met by t h e  yea r  

2000 given by t h e  NSF/NASA r e p o r t  (p.6A.6-8). 

The MITRF: r e p o r t  claims 1% t o  5% by 

Apparently t h i s  one f i g u r e  i s  what t h e  Statement  u s e s  t o  

reach i t s  conclusion t h a t  t h e r e  i s  "no reasonable  b a s i s  f o r  pro-  

j e c t i n g  a s i g n i f i c a n t  energy con t r ibu t ion  from ocean thermal  

g r a d i e n t  p l a n t s  i n  t h i s  century" (p.6A.6-8). This  conclusion 

does n o t  cons ider  t h e  g r e a t l y  expanded e l e c t r i c a l  gene ra t ion  

*power plact ~ c s t s :  C g r r c r . t  Trczds zzd Zcczxm5c FaraF;t.erS, 
U . S .  Atomic Energy Commission, Div is ion  of Rcactor Research and 
Development, October 1 9 7 4 ,  p .  2 .  
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capac i ty  p ro jec t ed  f o r  ocean thermal g r a d i e n t  p l a n t s  a mere 20 

yea r s  l a t e r ,  i n  t h e  yea r  2020.  

S torage  Technologies 

SIPI's comments examined t h e  r e l a t i o n s h i p  between solar energy 

and s t o r a g e  technologies  (SIPI, p.  V-19 t o  2 2 ) .  Three methods of 

s t o r a g e  were suggested: 1. pumped s t o r a g e  combined wi th  

e x i s t i n g  h y d r o e l e c t r i c  f a c i l i t i e s ,  2 .  development of economical 

s t o r a g e  b a t t e r i e s ,  and 3 .  t h e  e l e c t r o l y s i s  of water  i n t o  

hydrogen f u e l  and oxygen. 

The Statement ,  i n  i t s  s e c t i o n s  on "Solar  Energy" (6A.51, 

"Hydroe lec t r ic  Power  Systems" (6A. 3)  , "Hydrogen and o t h e r  

S y n t h e t i c  Fuels"  (6A. 6 . 4 )  and "Batteries" (6B. 7) makes l i m i t e d  

remarks on t h e  interdependence between solar energy and s t o r a g e  

technologies .  However, t h e r e  i s  no s i n g l e  sect ion examining 

a l l  of t h e  d i r e c t  and i n d i r e c t  s o l a r  energy systems coupled w i t h  

their p o s s i b l e  s t o r a g e  subsystems. This  omission depreca tes  t h e  

l a r g e  role  s o l a r  energy can p lay  i n  e lectr ical  power product ion .  

I f  even short- term s t o r a g e  f a c i l i t i e s  ( 3  t o  6 h r s . )  a r e  

economically developed us ing  convent ional  genera t ing  s s t e m s  as 

a back up,  t h e  r e s u l t i n g  sav ings  i n  f u e l  might be s u f f  c i e n t  t o  

show t h a t  development of t h e  breeder  i s  unnecessary.  T h i s  system 

i s  analogous t o  t h a t  used i n  s o l a r  space hea t ing  systems,  which 

are backed up by convent ional  gas o r  o i l  systems, c u r r e n t l y  i n  use  
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i n  F lo r ida .  Development of long-term ( 3  t o  4 + days) s t o r a g e  

would g r e a t l y  extend t h e  r e l i a b i l i t y  of s o l a r  p l a n t s  as a 

source  of  l o c a l  bu i ld ing  and c e n t r a l  s t a t i o n  power. 

I n  d i scuss ing  t h e  technology of pumped s t o r a g e ,  ( 6 A . 3 )  , 
t h e  Statement  makes no r e fe rence  t o  t h e  concept ,  mentioned by 

S I P I ,  of b u i l d i n g  s o l a r  s t a t i o n s  "next  t o  e x i s t i n g  h y d r o e l e c t r i c  

f a c i l i t i e s ,  which could double as pumped s t o r a g e  f a c i l i t i e s .  

T h i s  avoids  t w o  of t h e  problems of convent ional  pumped s t o r a g e :  

t h e  c o s t  i s  reduced because much of t h e  equipment serves two 

purposes and no a d d i t i o n a l  land i s  s a c r i f i c e d  tol'create a 

r e s e r v o i r "  ( S I P I ,  p .  V-20). The Southwest, t h e  area c u r r e n t l y  

des igna ted  a s  hold ing  t h e  most promise f o r  solar  power, a l r eady  

h?.c E n ? . ~ k r  z f  lar-;e h y P r m l c c t r i z  izst~llzticx. 

Water e l e c t r o l y s i s  and o the r  methods of  hydrogen product ion  

are mentioned i n  t h e  Statement  as favorable  s t o r a g e  methods - 
as such s y n t h e t i c  f u e l s  " a r e  of i n t e r e s t  because they may be 

der ived  from these abundant energy resources (nuclear power, 

solar power, o r  coa l )  and provide a convenient f u e l  form €or  

t r a n s p o r t ,  s t o r a g e ,  and u t i l i z a t i o n .  Thus they  r e p r e s e n t .  .. a 

p o s s i b l e  means f o r  c e n t r a l  s t a t i o n  e lec t r ic  s t o r a g e  analogous 

t o  t h e  pwnped s to rage  concept" ( 6 A . 6 - 9 ) .  The Statement  c i tes  one 

source* which "assumed t h a t  20% of t h e  e l e c t r i c a l  energv d e l i v e r e d  

i n  t h e  yea r  2 0 0 0  i s  produced from hydrogen" ( 6 A . 6 - 1 1 ) .  

*Off ice  of Science and Technology, Energy Advisory Panel ,  
" A s s e s s m e n t  of N e w  Options i n  Energy Research and Development," 
Report AET-9 , November 1 9 7 3 .  
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However, t h e  Statement  makes no c a l c u l a t i o n s  a s  t o  t h e  

p o s s i b l e  load  c a p a c i t i e s  t h a t  a solar  energy hydrogen s t o r a g e  

system could provide.  These c a l c u l a t i o n s  on load  c a p a c i t i e s  

are no t  made f o r  b a t t e r y  s t o r a g e  systems e i t h e r .  I f  a 20% 

hydrogen produced e lectr ical  gene ra t ion  capac i ty  i s  p o s s i b l e  

by t h e  year  2000 it would seem t h a t  a s i g n i f i c a n t  p o r t i o n  of 

t h i s  hydrogen could come from solar energy. 

would be p o s s i b l e  by t h e  yea r  2020 when s o l a r  sources  are pro- 

j e c t e d  t o  be more commerciably v i a b l e ,  i f  no t  by t h e  yea r  2000.  

Y e t  t h e  Statement  concludes,  "As implied p rev ious ly ,  t h e  

development and widespread u s e  of s y n t h e t i c  f u e l s  (hydrogen) 

w i l l  no t  l e s s e n  t h e  need t o  develop primary energy sources  such 

as advanced nuc lear  systems" (emphasis added, p .  6A.6-11) .  

Cer ta in ly  t h i s  

The Statement  makes no s p e c i f i c  mention of t h i s  type  of  

s t o r a g e  technology i n  t h e  s e c t i o n  on s o l a r  energy (6A.51, nor  of 

t h e  e f f e c t  such a technology would have on i n c r e a s i n g  t h e  

r e l i a b i l i t y  of s o l a r  energy e lectr ical  power product ion i n  

q u a n t i t a t i v e  terms. 

One concept t h e  Statement  a l s o  f a i l s  t o  comprehensively 

t r ea t  i s  t h e  development of a n a t i o n a l  g r i d  system. Such a 

s y s t e m  could he lp  t o  even o u t  t h e  f l u c t u a t i o n s  of s o l a r  power 

i n  combination wi th  s t o r a g e  f a c i l i t i e s .  
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ERDA, which has a Div i s ion  of Energy Storage ,  i s  c u r r e n t l y  

involved with t h e  Elec t r ic  Power Research I n s t i t u t e  i n  a one 

y e a r  s tudy t o  assess advanced energy s t o r a g e  systems.* The i r  

f i nd ings  would be r e l e v a n t  f o r  i n c l u s i o n  i n  a new Statement .  

F u e l  C e l l  Systems 

Although t h e  S ta tement ' s  d e s c r i p t i o n  of  t h e  ope ra t ion  of 

t h e  f u e l  cel l  appears adequate ,  i t s  conclusion t h a t  f u e l  cells  

" w i l l  n o t  apprec iab ly  r e l i e v e  t h e  energy crisis" (6B.6-13) i s  

misleading.  I n  mentioning t h e  November 1973 announcement by 

P r a t t  and Whitney of a $ 4 2  m i l l i o n  coopera t ive  program wi th  

n ine  e lectr ic  u t i l i t i e s  t o  develop a 26 mw f u e l  cel l  power p l a n t  

able t o  se rve  t h e  e lectr ical  needs of a community of 2 0 , 0 0 0  

(6B.6-3) , t h e  Statement  f a i l s  t o  s t a t e  t h a t  P r a t t  and Whitney 

have rece ived  f i f t y  s i x  p rov i s iona l  o r d e r s  f o r  t h e s e  p l an t s .**  

F i f t y  six such power p l a n t s  would have t h e  combined t o t a l  

gene ra t ing  capac i ty  t o  se rve  the  e lectr ical  needs of l,i20,000 

people  or ,approximate ly  t ha t  needed t o  supply t h e  e n t i r e  c i t y  of 

Houston, Texas. Once t h e s e  i n i t i a l  p l a n t s  were cons t ruc t ed ,  

f u l l  s c a l e  commercial product ion would rea l ize  an even g r e a t e r  

*Remarks made by D r .  Robert C. Seamans, Jr. 
Adminis t ra tor ,  ERDA a t  r eg iona l  meeting of 
t h e  E l e c t r i c  P o w e r  Research I n s t i t u t e ,  Washington, D.C. ,  
February 2 6 ,  1975 

**Pra t t  and Whitnev A i r c r a f t  N e w s  K i t ,  Eas t  Har t fo rd ,  Conn., 1973 
/ 
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magnitude of combined gene ra t ing  capac i ty .  P r a t t  and Whitney 

have informed u s  t h a t  they expect  f u e l  c e l l  power p l a n t s  l i k e  

t h e i r  ' 2 6  mw u n i t  t o  o b t a i n  1 0 %  t o  20% of t h e  t o t a l  gene ra t ing  

capac i ty  of such d i spe r sed  genera t ing  systems by t h e  y e a r  

2000.  * 
I n  a d d i t i o n  t o  t h e i r  extremely small environmental  e f f e c t s ,  

f u e l  c e l l  genera t ing  p l a n t s  such a s  P r a t t  and Whitney's 26 mw 

u n i t  rea l ize  a f u e l  s av ings ,  i n  t h i s  ca se  o i l ,  of up t o  15% 

for t h e  same amount of e l e c t r i c i t y  genera ted  by a .convent iona1 

f o s s i l  f u e l  p lan t .**  Fuel  cells  are capable  of d e l i v e r i n g  up 

t o  30% more energy from a given amount of f u e l  than  convent iona l  

systems.*** 

S ia t e lwn t .  

app rec i ab le  , " as concluded by t h e  Statement:  

Ne i the r  of t h e s e  f i g u r e s  w e r e  mentioned i n  t h e  

Such a sav ings  i n  f u e i  can naraiy be viewea as "non- 

It should be poin ted  o u t  t h a t  t h e s e  developments 
( f u e l  c e l l s ) ,  whi le  promising more e f f i c i e n t  use 
of f o s s i l  f u e l s  f o r  e l e c t r i c a l  gene ra t ion ,  do not  
provide a s y s t e m  f o r  u t i l i z i n g  new energy sources  
and, t h e r e f o r e ,  w i l l  n o t  apprec iab ly  r e l i e v e  t h e  
energy crisis (p.  6B. 6-13) . 

* L e t t e r  from Ed Cowles, A s s i s t a n t  Manager of  Pub l i c  Re la t ions ,  
P r a t t  and Whitney Aircraf . t ,  Divis ion of  United A i r c r a f t ,  E a s t  
Har t ford ,  Connect icut ,  March 1 8 ,  1 9 7 5 .  

**Ib id . ,  a l s o  s ta tement  of W i l l i a m  H.  Podolny, General Nanager, 
F u e l  C e l l  Operat ions,  Power U t i l i t y  Div is ion ,  United A i r c r r f t  
Corporat ion before  t h e  Subcommittee on Energy Research, 
Development and Demonstration Committee on Science and 
Technology, United S t a t e s  House of Representa t ives ,  February 2 7 ,  1975.. 

***Statement of W i l l i a m  H .  Podolny, op. c i t .  
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This e v a l u a t i o n  i s  e s p e c i a l l y  inappropr i a t e  s i n c e  both  be- 

fore and a f t e r  t h e  y e a r  2000 our  energy resources  a r e  s t i l l  

projected to be la rge ly  based on the use of f o s s i l  fue ls .  

According t o  Table 2.1-12 (p.2.1-15) of t h e  S ta tement ,  6 4 %  of 

our  energy w i l l  come from f o s s i l  f u e l  sources  i n  t h e  y e a r  2000.  

Th i r ty - f ive  pe rcen t  w i l l  come from petroleum and n a t u r a l  gas  

a lone ,  t h o s e  f u e l s  p r e s e n t l y  u t i l i z e d  i n  t h e  P r a t t  and Whitney 

and TARGET f u e l  c e l l  programs. 

I n  t h i s  t i m e  contex t  it seems i r r e l e v e n t  t o  say t h a t  t h e  

u t i l i z a t i o n  o f  a technique f o r  f o s s i l  f u e l  conserva t ion  w i l l  

n o t  apprec iab ly  a f f e c t  t h e  energy crisis. I n  e f f e c t  such 

conserva t ion  techniques might be viewed a s  a new source  of  

f o s s i l  t u e l  energy s i n c e  they save a l a r g e  s e c t o r  of e x i s t i n g  

f u e l  s u p p l i e s .  S t r e t c h i n g  t h e  supply of our dwindling f o s s i l  

f u e l s  a t  t h i s  t i m e - w i l l  ensure  t h e i r  prolonged use should 

p r o j e c t e d  a l t e r n a t i v e  technologies  f o r  energy u t i l i z a t i o n  

prove unfeasi .ble o r  t ake  longer  t o  develop than  a n t i c i p a t e d .  

I 

F u r t h e r ,  f u e l  cel ls  can be used i n  conjunct ion  w i t h  f u t u r e  

energy sources  t o  s t a b i l i z e  o r  provide s p e c i a l i z e d  ou tpu t  l oads .  

A good example would be s o l a r  e l e c t r i c a l  hydrogen product ion  

wherein t h e  f u e l  c e l l  would he lp  t o  provide a s t a b i l i z e d  system 

f o r  u t i l i z i n g  an energy source which might have more f avorab le  

social and environmental  impacts than t h e  LMFBR program. Fuel  

cells  may p lay  a c r i t i c a l  r o l e  i n  t h e  s t o r a g e  technologies  
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needed t o  be developed be fo re  d i spe r sed  c e n t r a l  s t a t i o n  s o l a r  

e l e c t r i c a l  gene ra t ion  can be r e l i e d  upon. This  important  

concept i n  t h e  development of s o l a r  power i s  n o t  f u l l y  d i s -  

cussed i n  t h e  Statement .  

Most impor tan t ,  ERDA is s p e c i f i c a l l y  d i r e c t e d  t o  inc lude  

in its comprehensive plan provisions "to commercially 

demonstrate t h e  use of  f u e l  cel ls  f o r  c e n t r a l  s t a t i o n  e lectr ic  

power genera t ion .  'I* This  w i l l  undoubtahly a c c e l e r a t e  t h e  

emphasis t o  be placed on f u e l  cel l  development. 

*The Federa l  Nonnuclear Research and Development Act of 1974, 
PI, 93-577,  Sec t ion  6 ( a )  (N) . 
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CHAPTER V I  

INTERNATIONAL COOPE RAT1 ON 

Sec t ion  102  ( 2 )  (E)  of t h e  Nat iona l  Environmental Po l i cy  Act 

of 1969  s ta tes  t h a t  where c o n s i s t e n t  wi th  fo re ign  p o l i c y ,  t h e  

agency proposing an a c t i o n  should "maximize i n t e r n a t i o n a l  cooper- 

a t i o n  i n  a n t i c i p a t i n g  and prevent ing  a d e c l i n e  i n  t h e  q u a l i t y  of 

mankind's world environment" (emphasis added) . 
This  func t ion  w a s  provided f o r  i n  t h e  Energy Reorganizat ion 

Act of 1 9 7 4 ,  wherein it was s ta ted t h a t  t h e  Adminis t ra tor  of ERDA 

would be r e spons ib l e  f o r  "encouraging and p a r t i c i p a t i n g  i n  

i n t e r n a t i o n a l  cooperat ion i n  energy and r e l a t e d  environmental  

r e sea rch  and development" (Sec t ion  103 ( 9 )  ) , and t h a t  he could 

de l ega te  t o  an o f f i c e r  t h i s  spec ia l  r e s p o n s i b i l i t y  for  i n t e r -  

n a t i o n a l  cooperat ion (Sec t ion  1 0 2  (h) ) . The appointment of an 

A s s i s t a n t  Adminis t ra tor  f o r  I n t e r n a t i o n a l  A f f a i r s  was duly 

announced by ERDA on February 1 4 ,  1975.* 

This  p rov i s ion  f o r  easy i n t e r n a t i o n a l  cooperat ion r e f l e c t s  a 

growing r e a l i z a t i o n  t h a t  energy i s s u e s  and no t  m i l i t a r y  i s s u e s  are 

what connect one na t ion  wi th  another .  I t  i s  i n  c o n t r a s t  t o  t h e  

provis ion  for i n t e r n a t i o n a l  agreement i n  t h e  Atomic Energy A c t  o f  

1 9 4 6 ,  which de f ines  "agreement" a s  a " t r e a t y "  (Sec t ion  8). I t  i s  

a l s o  a t  var iance  wi th  t h e  c o n s t r a i n t s  placed on i n t e r n a t i o n a l  

*"Weekly Summary", Information from ERDA, Washington, D.C. 
February I Y ,  1975, p . 1 .  
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a c t i v i t i e s  i n  t h e  amen,ded Atomic Energy Act of 1954, which, while  

they permi t ted  coopera t ion ,  inc luded  an e l a b o r a t e  system of 

approval  by t h e  P res iden t  and Congress (Sec t ions  1 2 1 ,  1 2 2 ,  123, 

1 2 4 ,  1 4 1  and 1 4 4 ) .  

Unfortunately,  t h e  Statement  was i s sued  too soon t o  r e f l e c t  

t h i s  new po l i cy  or t h e  e f f o r t s  presumably i n i t i a t e d  by t h e  

a s s i s t a n t  admin i s t r a to r .  While it b r i e f l y  documents t h e  h i s t o r y  

of developmental  and o p e r a t i o n a l  breeders  i n  t h e  United Kingdom, 

France,  t h e  U.S.S.R., Germany and Japan,  evidence of cooperat ion 

i s  contained i n  only one sentence, "Information i s  exchanged. .. 
w i t h i n  t h e  contex t  of t e c h n i c a l  exchange agreements i n  fo rce"  

(p.2.2-10). 

While t h e  Statement  cons iders  and rejects t h e  p o s s i b i l i t y  

of wholly imported b reede r  technology, it does n o t  cons ider  

working t o g e t h e r  w i th  o t h e r  na t ions  i n  t h e  r e sea rch  and develop- 

ment of t h e  technology. I ts  a t t i t u d e  i s  c h a r a c t e r i z e d  by say ing ,  

"Plac ing  r e l i a n c e  f o r  meeting our  f u t u r e  energy demands i n  

fo re ign  hands i s  n o t  an a t t r a c t i v e  opt ion"  (p.1.6-8).  The 

impression i s  conveyed t h a t  t h e  AEC p r e f e r r e d  t o  commit b i l l i o n s  

of d o l l a r s  of taxpayers '  money t o  d u p l i c a t e  experience t h a t  could 

be gained by i n t e r n a t i o n a l  cooperat ion.  

This  i s  i n  c o n t r a s t  t o  t h e  assessment made by our  B r i t i s h  

a l l i e s ,  whose 250 mw pro to type  breeder  became c r i t i c a l  i n  

Dounreay, Scot land  i n  March 1 9 7 4 :  

... o u r  F a s t  Reactor s t r a t e g y  should be pursued w i t h i n  a 
framework of i n t e r n a t i o n a l  co-operat ion. .  .The b e n e f i t s . .  . 
come from an enlarged base: from sha r ing  c o s t s ,  f a c i l i t i e s  

Q 
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and expe r i ence  through t h e  R & D d e s i g n ,  i n t r o d u c t i o n  and 
e x p l o i t a t i o n  s t a g e s ;  from access t o  wide r  e x p e r i e n c e  i n  
problem s o l v i n g ;  from r a t i o n a l i z i n g  component p r o d u c t i o n  
t o  s e c u r e  economies o f  s ca l e . . .The re  are s t r o n g  arguments 
f o r  adop t ing  r e a c t o r  systems which are i n  t h e  main stream 
of r e a c t o r  development t o  g a i n  t h e  b e n e f i t s  of  j o i n i n g  
t h e  l a r g e s t  p o s s i b l e  t e c h n i c a l  community ... The commitment 
of  r e s o u r c e s  f o r  R & D i n  t h e  n u c l e a r  f i e l d  and t h e  c o s t s  
and problems o f  i n t r o d u c i n g  and p rov ing  systems, are t o o  
g r e a t  f o r  i t  t o  seem s e n s i b l e  f o r  any country; to  b e a r  
them a lone .  It * 
I n  t h e  same r e p o r t ,  t h e  Chief I n s p e c t o r ' s  a d v i c e  w a s  g iven  

as fo l lows  : 

There are some p a r t i c u l a r l y  d i f f i c u l t  and new s a f e t y  
problems .and a c o n s i d e r a b l e  programme of  r e s e a r c h ,  
development and des ign  work w i l l  be necessa ry  b e f o r e  a 
f i r m  view can be  g iven  on t h e  a c c e p t a b i l i t y  o f  F a s t  
Reactor  f o r  cont inuous  conimercial o p e r a t i o n  on s i tes  
s u i i & i e  i u i  the i i i e c t r i c i t y  boar&: sys tem requi rements .*"  

Th i s  i s  cons ide rab ly  more t e n t a t i v e  t h a n  t h e  S t a t e m e n t ' s  

conc lus ion  t h a t  an ear l ie r ,  smaller B r i t i s h  f a s t  r e a c t o r  had 

"added cbnf idence  t h a t  a f a s t  reactor can b e  s a f e l y  and 

r e l i a b l y  o p e r a t e d "  (p .  2.2-10). 

*Nuclear Power Advisory Board, Choice of  Thermal Reac tor  S y s t e m s ,  
P re sen ted  t o  Pa r l i amen t  by t h e  S e c r e t a r y  of S t a t e  f o r  Energy, 
London, September 1 9 7 4 ,  pp.10,18-19. 

* * I b i d . ,  p . 1 2 .  
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I n  one case ,  it i s  n o t  clear whether American i n d u s t r y  

has found a way t o  be t h r i f t y ,  or w i l l  be paying an " i s o l a t i o n  

pena l ty" .  The American Experimental  Breeder Reactor 11, which 

became c r i t i c a l  i n  1963 (p.2.2-31, i s  e s s e n t i a l l y  t h e  same a s  

t h e  2 5 0  mw French pro to type  breeder  Phenix a t  Marcoule, which 

became c r i t i ca l  i n  1973. Now t h a t  t h e  Phenix has  been r a i s e d  

t o  f u l l  power, France i s  t r y i n g  t o  se l l  t h e  LMFBR on t h e  world 

market,  and both  General Electr ic  and Bechtel  are t a l k i n g  openly 

t o  t h e  French. 'I * 

*Staf f  , "Nuclear  Developments", E l e c t r i c a l  World, March 1, 1975, 
p. 37 
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UNITED STATES 

EN ERG Y R ES E A R C H AN 0 D E V E L 0 P M  E N T A 0 MI N I STRATI 0 N 
WASHINGTON, D.C. 20545 

M r .  Alan McGowan 
P r e s i d e n t  
S c i e n t i s t s '  I n s t i t u t e  f o r  P u b l i c  In fo rma t ion  
30 East S ix ty -e igh th  Street  
New York, New York 10021 

Dear Elr. McGowan: 

Thank you € o r  your  l e t t e r  of A p r i l  8,  1 9 7 5  commenting on t h e  Proposed 
F i n a l  Environmental  S ta tement  (PFES) f o r  t h e  Liquid  Metal F a s t  Breeder 
Reac tor  (LMFBR) Program. Responses by Energy Research and Development 
Admin i s t r a t ion  (ERDA) s t a f f  to your  s p e c i f i c  comments are  provided  i n  
t h e  e n c l o s u r e  t o  t h i s  le t ter .  

In  your l e t t e r  you have made several comments r e g a r d i n g  t h e  o v e r a l l  
adequacy of t h e  PFES. S p e c i f i c a l l y :  

". . . SIPI  concludes  t h a t  t h e  S ta tement  n u s t  b e  withdrawn by 
ERDA, and t h e  b r e e d e r  program must b e  comple te ly  r e a s s e s s e d ,  
i n c o r p o r a t i n g  new comments made by t h e  p u b l i c ,  b e f o r e  
p r e s e n t a t i o n  of  a r e l e v a n t  envi ronmenta l  impact s ta te rnent . "  
and 

"The N a t i o n a l  Environmental  P o l i c y  Act (NEPA) s p e c i f i e s  t h a t  
t h e  l e a d  agency i n  a proposed a c t i o n  must p r e p a r e  an  o r i g i n a l  
envi ronmenta l  impact s t a t e m e n t  and may n o t  a c c e p t  one  c a r t e  
b l anche  from a n o t h e r  agency. . ." 

In  a d d i t i o n ,  you i n d i c a t e  t h a t  S IPI  f e e l s  t h a t  t h e  competence of t h e  
non-nuclear s t a f f s  of ERDA are n o t  r e f l e c t e d  i n  t h e  PFES. 

With r ega rd  t o  t h e s e  comments, t h e  Admin i s t r a to r  r ecogn ized  t h a t  ERDA 
has a broade r  mis s ion  i n  energy  r e s e a r c h  and development t h a n  d i d  t h e  
Atomic Energy Commission, and d i r e c t e d  t h a t  t h e  LMFBR Program b e  
r e e v a l u a t e d  by i n d i v i d u a l s  n o t  p r e v i o u s l y  a s soc , i a t ed  w i t h  t h e  LMFBR 
Program. Accord ingly ,  he appo in ted  f o u r  s e n i o r  ERDA o f f i c i a l s  who 
had no p rev ious  involvement w i t h  t h e  U F B R  Program t o  a c t  as a n  
I n t e r n a l  Review Board t o  review t h e  S ta tement  and t o  advise him on 
whether  t h e  i s s u e s  r e l e v a n t  t o  a d e c i s i o n  on  t h e  LMFBR Program had 
been  adequa te ly  t r e a t e d .  They were t h e  ERDA Deputy A d m i n i s t r a t o r ,  
and t h e  ERDA A s s i s t a n t  Admin i s t r a to r s  f o r  S o l a r ,  Geothermal and 
Advanced Energy Systems, f o r  Conserva t ion  and f o r  F o s s i l  Energy. A s  
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part of its review this Internal Review Board held a Public Hearing on 
May 27-28, 1975. The Board presented its Report to the Administrator 
on June 20, 1975 (see Section IV B of the Final Environmental Statement 
(FES)). In addition to the Internal Review Board, the Administrator 
enlisted the assistance of several eminent scientists and managers 
outside ERDA to furnish him with their views on the PFES (see Section 
IV C ) .  

Quite apart from the reviews requested as a result of the transition of 
responsibility for the LMFBR Program from the AEC to ERDA, each 
successive version of the Statement has benefited from the contributions 
and reviews of groups and individuals outside the AEC and ERDA. In 
preparation of the Draft Statement, contributions were solicited and 
received from other Federal and State agencies, from private industry, 
from environmental groups, and from the academic community. Development 
of the PFES was further guided by comments received on the Draft 
Statement. 

The reviews and comments received on the Draft and Proposed Final 
Statements as well as the testimony presented at the two Public Hearings 
of April 25-26, 1974 and May 27-25, 1975 have been considered by 
Dr. Seamans in preparation of the "Administrator's Findings (June 30, 
1975) on the Liquid Metal Fast Breeder Reactor Program Proposed Final 
Environmental Statement, WASH-1535 (December 1974)" (see Section IV A 
of the FES). In his Findings, Dr. Seamans adopted the Internal Review 
Board's Report and concluded that the Proposed Final Environmental 
Statement provides a comprehensive environmental review of a major 
technology development program and the alternative technology options, 
and that the PFES amply demonstrates the need to continue research, 
development and demonstration of the LMFBR concept. Accordingly, the 
PFES has been incorporated as an integral part of the FES prepared by 
ERDA to complete the NEPA process. However, several issues were 
identified during the review process which require resolution before a 
commitment to widespread commercial deployment of the LMFBR can be made. 
The research and development effort in these areas is continuing and 
supplemental information on the program has been included in the Final 
Environmental Statement (See Section 111 of the FES). The FES also 
includes copies of all solicited comment letters received on the PFES 
with detailed responses to each letter. 

In view of the actions detailed above it is ERDA's belief that the 
Final Environmental Statement cannot be considered as being "accepted 
carte blanche from another agency.'' It is also ERDA's belief that 
the breeder program has been completely reassessed by independent 
reviewers and that new comments made by the public have been incor- 
porated into the record of the FES. 

n 



M r .  Alan McGowan 

V.66-91 

3 

A s  r e q u e s t e d  i n  t h e  May 30, 1 9 7 5  l e t t e r  from D.  Y .  S a u t e r  t o  
W. H .  P e n n i n g t o n ,  t h e  a t t a c h m e n t s  t o  t h a t  l e t t e r  h a v e  b e e n  p u b l i s h e d  i n  
t h e  FES ( s e e  S e c t i o n  V ) .  \de found t h e  comments i n  t h a t  l e t t e r  t o  b e  
s i m i l a r  i n  c o n t e n t  t o - c o m m e n t s  made i n  y o u r  A p r i l  8 ,  1 9 7 5  l e t t e r .  A s  
n o t e d  a b o v e  y o u r  comnents  h a v e  b e e n  t r e a t e d  i n  t h e  e n c l o s e d  ERDA s t a f f  
r e s p o n s e s  a n d  i n  S e c t i o n  I11 o f  t h e  FES. 

Thank you f o r  y o u r  d e t a i l e d  comments and y o u r  c o n t i n u i n g  i n t e r e s t  i n  t h e  
Energy  R e s e a r c h  and Development A d m i n i s t r a t i o n ' s  p r o g r a m s .  
t h e  F i n a l  E n v i r o n m e n t a l  S t a t e m e n t  h a s  b e e n  e n c l o s e d  f o r  y o u r  i n f o r m a t i o n .  

A copy of 

S i n c e r e l y ,  

wL-4- J m s L .  Liverman 

u s  s i s  t a n  t A d m i n i s t r a t o r  f o r  
Environment  and S a f e t y  

E n c l o s u r e s :  
1. EPdX S t a f f  Responses  t o  

2 .  F i n a l  E n v i r o n m e n t a l  S t a t e m e n t ,  
S p e c i f i c  Comments 

LMFBR Program 
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ERDA S t a f f  Responses t o  S p e c i f i c  Comments by t h e  S c i e n t i s t s '  I n s t i t u t e  
f o r  P u b l i c  Information 

Statement  of t h e  Executive Committee of S I P I  and 
Chapter I - I n t r o d u c t i o n  

Comment (pp. 4 ,5 ,  1-5, 1-9): 

S IPI  f e e l s  t h a t  t h e  d a t a  used i n  t h e  PFES cos t -bene f i t  s tudy 
is outdated and t h a t  PFES e lec t r ic  growth p r o j e c t i o n s  are 
i n c o n s i s t e n t  w i th  t h e  p r o j e c t i o n s  of o t h e r s ,  

"The Statement claims t h a t  r e c e n t  v a r i a b i l i t y  is accounted 
f o r  by its i n c l u s i o n  of cases down t o  50% of t h e i r  base  case 
p r o j e c t i o n ,  bu t  t h e i r  - 50% case is above t h e  p r o j e c t i o n  
made i n  December 1974 by t h e  Technical  Advisory Committee 
on. Finance of t h e  Fede ra l  Power Commission f o r  h i s t o r i c  
growth up t o  t h e  y e a r  1990." 

ERDA Response: 

The d a t a  used i n  p r e p a r a t i o n  of t h e  PFES was t h e  la tes t  and most 
r e l i a b l e  a v a i l a b l e  a t  t h e  t i m e  of p r e p a r a t i o n .  Recent t r e n d s  i n d i c a t e  
t h a t  t h e  d e c l i n e s  i n  energy and economic growth du r ing  1974 were 
temporary, and t h a t  p r o j e c t i o n s  g iv ing  those  e v e n t s  t oo  much weight 
may b e  s e r i o u s l y  i n  e r r o r .  

Seve ra l  i n t e r i m  p r o j e c t i o n s  made i n  1974 i n d i c a t e d  massive dec reases  i n  
f u t u r e  power demand as compared t o  ear l ier  p r o j e c t i o n s ,  based mainly on 
t h e  drop i n  demand observed i n  1974. More r e c e n t l y ,  however, t h e  power 
s i t u a t i o n  i n  1974 i s  becoming widely recognized as an anomaly, caused 
more b e  depressed economic c o n d i t i o n s  than  by any b a s i c  change which 
would s t r o n g l y  a f f e c t  f u t u r e  demands. 

The Fede ra l  Power Commission, i n  Its comments on t h e  PFES i n d i c a t e s  
t h a t  i t  concurs  s u b s t a n t i a l l y  w i t h  t h e  p r o j e c t i o n s  i n  t h e  PFES. For 
f u r t h e r  d i s c u s s i o n  see t h e  f i r s t  two responses  t o  comments from 
Chapter  3 of t h e  SIPI  let ter.  

1 

Comment (pp. 5 ,  1-5, 1-6): 

"The Statement claims t h a t  ' t h e  range of v a r i a b l e s  explored i n  
t h e  cos t -bene f i t  analysis. . . (e.g. ,  cases which assume a 50% 
reduc t ion  i n  t h e  base case p r o j e c t i o n  of e lectr ical  demand i n  
t h e  y e a r  2020) appears  t o  provide adequate  i n s i g h t  i n t o  t h e  
p o s s i b l e  e f f e c t s  of major u n c e r t a i n t i e s  i n  the  assumptions 
used.'  It f u r t h e r  claims t h a t  b e n e f i t s  are reduced below 

'Federal Power Commission, comment l e t t e r  No. 60 on PFES. 
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c o s t s  only when a number of assumptions are s imultaneously 
weighted i n  a manner which is considered u n l i k e l y  t o  occur  
(p. 11s-l)." 

"We observe t h a t  t h e s e  ' u n l i k e l y '  c i rcumstances only begin t o  
touch upon c u r r e n t  and rea l i s t ic  i n t e r a c t i o n s  of t h e  chosen 
parameters. 
t o  p r e p a r e  new i n p u t  t o  t h e  econometric model, providing c u r r e n t  
information on t h e  delayed b reede r  i n t r o d u c t i o n  d a t e ,  i nc reased  
c a p i t a l  c o s t s ,  lower energy demand compounded by a l l  t h e  para- 
meters c i t e d ,  mre o p t i m i s t i c  uranium supply,  and i n c r e a s e d  
r e sea rch  and development c o s t s  .I1 

It is from this p o i n t  that ERDA may have t o  begin 

ERDA Response: 

As desc r ibed  i n  t h e  PFES, ERDA b e l i e v e s  t h e  combination of adverse 
assumptions mentioned above are u n l i k e l y .  However, s e v e r a l  commentors 
r eques t ed  t h a t  a wider  range of c o n d i t i o n s  be cons ide red ,  and t h e r e f o r e  
a number of new cos t -bene f i t  cases have been evaluated.  These r e s u l t s  
are d i scussed  i n  Sec t ion  I11 F,  11.2s of t h e  F i n a l  Environmental S t a t e -  
ment (FES). 
d a t e s ,  a new c a p i t a l  c o s t  estimate, lower energy demand, and new 
uranium and s e p a r a t i v e  work c o s t s .  

A more o p t i m i s t i c  assumption f o r  uranium supply was n o t  considered 
necessa ry  because t h e  most r e c e n t  ERDA p r o j e c t i o n s ,  which r e f l e c t  e a r l y  
r e s u l t s  i n  t h e  NURE program, i n d i c a t e  t h a t  t h e  PFES base p r o j e c t i o n  is 
real is t ic  and may, i n  f a c t ,  b e  somewhat o p t i m i s t i c .  Updated LMFBR 
program RhD costs were included in t h e  PFES. 
s t a g e  where c o s t s  can be expected t o  be p r e d i c t a b l e ,  and t h e r e f o r e  new 
estimates are no t  considered necessary.  

These new cases e v a l u a t e  1993 and y e a r  2000 i n t r o d u c t i o n  

The program is now a t  a 

Comment (pp. 5 , 6 ,  1-12):  

"With c a p i t a l  formation among t h e  most s e r i o u s  problems f a c i n g  
t h e  n a t i o n ,  cont inued investment i n  t h i s  program would 
i n e v i t a b l y  f o r e c l o s e  t h e  development of o t h e r  energy o p t i o n s  
which ERDA, i n  i t s  comprehensive p l an ,  and w i t h  i ts  expanded 
a u t h o r i t y ,  may choose t o  emphasize." 

ERDA Response: 

ERDA does n o t  ag ree  t h a t  con t inua t ion  of t h e  UfFBR program would fo re -  
c l o s e  o t h e r  op t ions .  
wide range of nuc lea r  and non-nuclear power o p t i o n s  w i t h  markedly 
inc reased  budget a l l o c a t i o n s .  The only " fo rec losu re"  which might 

Active R&D i s  c u r r e n t l y  being c a r r i e d  ou t  on a 



- 

c V .66-94 

3 

occur would r e s u l t  i f  t h e  developed LMFBR proved economically more 
v i a b l e  than  o t h e r  op t ions .  

In  t h e  long range, t h e  LMFBR ho lds  t h e  promise of s i g n i f i c a n t  savings i n  
c a p i t a l  requirements .  A s  shown i n  S e c t i o n  11.2.1.3 of t h e  PFES, a modest 
i n c r e a s e  i n  c a p i t a l  c o s t s  f o r  power p l a n t s  i n  a system con ta in ing  LMFBR's 
produces sav ings  of more than  $160 b i l l i o n  by reducing t h e  c a p i t a l  
requirements  f o r  t h e  mining of uranium ores, recovery of concen t r a t e s ,  
and uranium i s o t o p i c  enrichment.  

Data r e p o r t e d  by t h e  NASA-NSF S o l a r  Energy Panel ,  t h e  Subpanel I X  r e p o r t  
f o r  "The Na t ion ' s  Future ,"  and t h e  P r o j e c t  Independence B luepr in t  a l l  
p r o j e c t  h ighe r  c a p i t a l  c o s t s  f o r  s o l a r  and geothermal power systems than  
are p r o j e c t e d  f o r  t h e  LMFBR. 

Comment (p. 1-4): 

"Volume I, S e c t i o n  2.1 of t h e  PFES, 'Re la t ionsh ip  of t h e  LMFBR 
Program t o  t h e  U.S. Energy Economy,' is  twenty-five pages long,  
and c o n t a i n s  a t o t a l  of seventeen f i g u r e s  and t a b l e s .  S i x t e e n  
of t h e s e  are i d e n t i c a l  w i t h  those  t h a t  appear i n  t h e  same sec- 
t i o n  of t h e  DES, and were g e n e r a l l y  produced i n  1972 o r  earl ier.  
The one a d d i t i o n  t o  t h e  PFES is a f i g u r e  comparing 1968 p e r  
c a p i t a  income and energy consumption." 

"The PFES S e c t i o n  2.1.3.3., d e a l i n g  w i t h  t h e  'Current  S i t u a t i o n '  
i n  t h e  gene ra t ion  of e l e c t r i c i t y ,  p r e s e n t s  Tab le  2.1-11, 
i d e n t i c a l  t o  t h e  DES Table  2.1-11, g i v i n g  U.S. electr ical  u t i l i t y  
i n d u s t r y  s ta t i s t ics  f o r  1972. S i m i l a r  s ta t i s t ics  are publ ished 
for 1973 and beyond i n  monthly i s s u e s  of t h e  Fede ra l  Energy 
Admin i s t r a t ion ' s  Monthly Energy Review publ ished i n  1974, and so 
were c e r t a i n l y  a v a i l a b l e  t o  t h e  AEC a t  t h e  t i m e  t h e  PFES was 
be ing  prepared. ' '  

ERDA Response : 

The c o l l e c t i o n  of massive amounts of d a t a  r e q u i r e d  t o  p r e s e n t  s t a t i s t i c s  
on U.S. energy product ion and consumption, and i n  p a r t i c u l a r ,  on t h e  U.S. 
electrical  i n d u s t r y ,  i s  a d i f f i c u l t  and time-consuming t a s k .  There i s ,  
t h e r e f o r e ,  cons ide rab le  time l a g  i n  t h e  a v a i l a b i l i t y  of c o l l e c t e d  d a t a  
f o r  t h e  e n t i r e  country.  

For bo th  t h e  FPC and t h e  Edison Elec t r ic  I n s t i t u t e ,  t i m e  l a g s  of about  6 
nnnths are involved i n  t h e  c o l l e c t i o n  of p re l imina ry ,  u n v e r i f i e d  monthly 
d a t a ;  p r e p a r a t i o n  of c o l l e c t e d  annual d a t a  t y p i c a l l y  invo lves  l a g s  of 
one y e a r  t o  18  months. 
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The t a b l e s  r e f e r r e d  t o  i n  t h e  comment were n o t  "produced i n  1972 o r  
earlier." 
and e a r l y  1974. A t  t h a t  t i ne  t h e  l a t e s t  d a t a  on U.S. power gene ra t ion  
w a s  f o r  1972; some d a t a  (e.g., on t o t a l  energy  consumption) were avail- 
a b l e  on ly  f o r  1971 and earlier.  

Material f o r  t h e  PFES was p repa red  du r ing  t h e  summer of 1974, on ly  a few 
months a f t e r  d a t a  f o r  t h e  D r a f t  S ta tement  were c o l l e c t e d .  A t  t h a t  t i m e  
on ly  p a r t i a l  d a t a  were a v a i l a b l e  f o r  y e a r s  l a te r  than  t h o s e  shown i n  t h e  
D r a f t  S t a t emen t ;  consequent ly ,  upda t ing  of t h e  a f f e c t e d  t a b l e s  w a s  n o t  
warran ted .  Subsequent i n s p e c t i o n  of 1973 d a t a  shows t h a t  i t s  i n c l u s i o n ,  
had i t  been  a v a i l a b l e ,  would n o t  have  chanp;ed t h e  impact of t h e  t a b l e s .  

I n  t h e  case of t h e  one f i e u r e  mentioned u s i n g  1968 d a t a ,  t h i s  is a b a r  
c h a r t  comparing t h e  r e l a t i o n s h i p  of n a t i o n a l  p e r  c a p i t a  income and 
energy  consumption f o r  t h e  U.S. and f o r  several o t h e r  c o u n t r i e s .  This 
i n f o r m a t i o n ,  from a 1972 p u b l i c a t i o n  of t h e  U.S. Department of I n t e r i o r ,  
w a s  i nc luded  t o  i l l u s t r a t e  t h e  g e n e r a l ,  world-wide r e l a t i o n s h i p s  of 
income and energy  consumption. 

The t a b l e s  f o r  t h e  D r a f t  S ta tement  w e r e  p repa red  i n  l a t e  1973 

Comen t  (pp. 1-6, 1-71: 

"A meaningfu l  S ta tement  would have t o  c o n s i d e r  s e v e r a l  i n t roduc -  
t i o n  d a t e s  beg inn ing  w i t h  1991, r e f l e c t i n g  a p e n a l t y  for each  
y e a r  of delay." 

ERDA Response: 

A d d i t i o n a l  c o s t - b e n e f i t  cases assuming LMFBR i n t r o d u c t i o n  d a t e s  of 1993 
and t h e  y e a r  2000 have been inc luded  i n  S e c t i o n  I11 F, 11.2s of t h e  FES. 

Comment (p. 1-7): 

"The assumption is made i n  t h e  s t a t emen t  t h a t  a dec rease  w i l l  
occu r  i n  t h e  c a p i t a l  c o s t  of t h e  LKFBR, due t o  t h e  l e a r n i n g  
p r o c e s s  a s s o c i a t e d  wi th  t h e  i n t r o d u c t i o n  of .a new p l a n t  t v p e ,  
from $520/kwe i n  1985 d e c l i n i n g  t o  $3hO/kwe i n  2000, i n  1074 
d o l l a r s  (p. 11.2-12). 

Comparing t h i s  t o  t h e  expe r i ence  w i t h  l i g h t  water n u c l e a r  
r e a c t o r s ,  w e  f i n d  an o r i g i n a l  estimate of $135/kwe r a i s e d  t o  
$250/kwe, t hen  $350/kwe, and l a te r  t o  $400-$510/kwe i n  an 
e i g h t  y e a r  pe r iod .  In real c c s t s ,  d u r i n g  t h e  two y e a r s  1971 
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to 1973, t h i s  amounted t o  a $90 m i l l i o n  c a p i t a l  c o s t  i n c r e a s e  
f o r  a 1000 MWe LWR." 

ERDA Response: 

LMFBR c a p i t a l  c o s t s  were assumed t o  dec rease  from $520/kwe at introduc-  
tion (1987) t o  $368/kwe (not $360/kwe) i n  2000. Of t h e  assumed dec rease ,  
$100/kwe w a s  a s c r i b e d  t o  l e a r n i n g  e f f e c t s ,  and $52/kwe t o  s i z e - s c a l i n g  of 
u n i t  c a p a c i t y  from 1300 We t o  2000 We. 

The p rogres s ion  of LWR c o s t s  which were quoted from WASH-1345 cannot be 
d i r e c t l y  compared among themselves o r  w i t h  t h e  PFES c a p i t a l  c o s t s .  The 
quoted c o s t s  are based on d i f f e r i n g  "constant  d o l l a r s "  ranging from 1967 
to  mid-1974 d o l l a r s ;  hence,  t h e  e f f e c t s  of 7-112 y e a r s  i n f l a t i o n  are 
I m p l i c i t l y  included.  The assumed l eng th  of t h e  l i c e n s i n g  and construc- 
tion p e r i o d s  v a r i e s  from 5 t o  9 .5  years; this d i r e c t l y  a f f e c t s  the  
amount of i n t e r e s t  paid on c a p i t a l  during t h e  c o n s t r u c t i o n  pe r iod .  
F i n a l l y ,  t h e  WASH-1345 f i g u r e s  are f o r  a 1000 We p l a n t ,  r a t h e r  t han  
t h e  1300 MWe p l a n t s  used as pre-1990 models i n  t h e  PFES. 

Apart  from e s c a l a t i o n ,  c o s t  i n c r e a s e s  were a s c r i b e d  by WASH-1345 t o  
e f f l u e n t  c o n t r o l s  (cool ing towers, SO2 l i m i t s ,  lower r ad ionuc l ide  
release l i m i t s ) ;  r e g u l a t i o n s  r e l a t i n g  t o  s a f e t y  and q u a l i t y  c o n t r o l ;  
i nc reased  conservat ism i n  r e g u l a t i o n s ;  and inc reased  t i m e  r equ i r ed  f o r  
l i c e n s i n g  and c o n s t r u c t i o n  of nuc lea r  p l a n t s .  Each of t h e s e  f a c t o r s  
l e d  t o  across-the-board c o s t  i n c r e a s e s  f o r  a l l  types  of nuc lea r  p l a n t s ;  
some a f f e c t e d  f o s s i l  p l a n t  c o s t s  s t r o n g l y  as w e l l .  

As w a s  d i scussed  i n  t h e  PFES, t h e  a r r a y  of c a p i t a l  c o s t s  used i n  t h e  
cos t -bene f i t  s tudy  w a s  intended t o  r e f l e c t  expected relative d i f f e r e n c e s  
i n  c a p i t a l  c o s t s  among v a r i o u s  p l a n t  types.  
e i t h e r  i n c r e a s e  o r  dec rease ,  bu t  changes are assumed t o  a f f e c t  a l l  t ypes  
of p l a n t s ,  p re se rv ing  t h e  relative c o s t  p o s i t i o n s  as given.  

Absolute c a p i t a l  c o s t s  may 

Comment (pp. 1-7, 1-8): 

"While t h e  maximum undiscounted r e sea rch  and development c o s t  
used i n  t h e  Statement is $8.7 b i l l i o n ,  o r  gene ra l ly  $4.7 
b i l l i o n  a t  t h e  accepted 10% d i scoun t  rate (Appendix IV-D) ,  t h e  
AEC e s t ima ted  i n  January 1975 t h a t  i t  would r e q u i r e  $10 b i l l i o n  
of government funds p l u s  s u b s t a n t i a l  p r i v a t e  funds t o  develop 
t h e  b reede r  i n t o  a commercially v i a b l e  energy option." 

ERDA Response: 

The f u t u r e  r e sea rch  and development c o s t  requirements of $8.4 b i l l i o n  
(1987 i n t r o d u c t i o n )  o r  $8.7 b i l l i o n  (1991 i n t r o d u c t i o n )  used i n  t h e  
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PFES are i n  agreement wi th  t h e  $10 b i l l i o n  r e fe renced  i n  t h e  comment; 
t h e  $10 b i l l i o n  f i g u r e  inc ludes  expend i tu re s  a l r eady  made i n  t h e  
p r o  gram. 

Comment (pp. 1-9, 1-10]: 

Recent popu la t ion  p r o j e c t i o n s  are lower than t h e  one used i n  
t h e  PFES. 

ERDA Response: 

A l l  popu la t ion  p r o j e c t i o n s  l i s t e d  i n  t h e  comment f a l l  w i t h i n  t h e  
envelope of energy p r o j e c t i o n s  used i n  t h e  c o s t - b e n i f i t  s tudy .  
p a r t i c u l a r ,  t h e  1975 Bureau of Census r e p o r t ,  referenced by S I P I ,  
appears  t o  d i f f e r  only s l i g h t l y  from t h e  1972 E-series p r o j e c t i o n  
used i n  t h e  PFES. 

I n  

Comment (p. 1-11): 

SIPI  inc ludes  t h e  fol lowing f o r  purposes of comparison: 

"Statement:  The e f f e c t s  of changes i n  age composition of t h e  
popu la t ion ,  which a f f e c t  t h e  s i z e  of t h e  work f o r c e ,  w i l l  no t  
b e  apparent  u n t i l  t h e  la te  1990s (p. 11.2-53)." 

"McGraw-Hill: The U.S. labor force, because of t h e  changing 
age composition of ou r  popu la t ion ,  w i l l  grow less r a p i d l y  
beginning w i t h  t he  l a t e  1970s. *" 
-- 

ERDA Response: 

The above s t a t emen t  does no t  appear i n  t h e  PFES, b u t  i t  i s  c o n s i s t e n t  
w i t h  t h e  S e r i e s - E  populat ion p r o j e c t i o n  used f o r  t h e  c o s t - b e n e f i t  s t u d y .  
The fo l lowing  s t a t emen t  is  made on page 11.2-138 of t h e  PFES: "The t r end  
toward lower b i r t h  ra tes ,  i f  a c c e l e r a t e d ,  could l e s s e n  f u t u r e  energy 
demand, through changes i n  popu la t ion  and age-group d i s t r i b u t i o n s ,  
a l though t h e  e f f e c t  of t h e s e  changes would n o t  be apparent  u n t i l  t h e  late 
1990's.  'I A l t e r n a t e  p r o j e c t i o n s ,  of course,  could r e s u l t  i n  d i f f e r e n t  
assumptions as t o  work f o r c e .  However, t h e  two s t a t emen t s  l i s t e d  i n  t h e  
comment are n o t  n e c e s s a r i l y  c o n t r a d i c t o r y .  
M c G r a w - H i l l  d a t a  b a s e ,  i t  i s  d i f f i c u l t  t o  analyze t h e  quoted s t a t emen t .  

Without more d a t a  on t h e  

*Economics Department, The American Economy : Prospec t s  f o r  Growth t o  
-3 1988 K c G r a w - H i l l ,  I n c . ,  N.Y. ,  1975, p.  4 .  
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Comment (p. 1-11) : 

SIPI  no te s  t h a t  t h e  PFES assumes employee p r o d u c t i v i t y  w i l l  
i n c r e a s e  a t  an annual ,  long-term rate of 2.6% whereas a 
M c G r a w - H i l l  r e f e r e n c e  uses  a rate of 2.3% u n t i l  1988.** 

ERDA Response: 

The d i f f e r e n c e s  are minor, and t h e  2.3% rate is f o r  a r e l a t i v e l y  s h o r t  
term when compared t o  t h e  45 y e a r s  covered by t h e  PFES cos t -bene f i t  
a n a l y s i s .  F u r t h e r ,  t h e  M c G r a w - H i l l  r e f e r e n c e ,  publ ished i n  1975, may 
have a s c r i b e d  undue s i g n i f i c a n c e  t o  t h e  e v e n t s  of 1974. 

Comment (p. 1-11): 

SIPI  p rov ides  t h e  fol lowing GNP f i g u r e s  f o r  comparison: 

Gross Na t iona l  Product Source Annual growth rate 

Statement  p r o j e c t i o n  H i s t o r i c a l  (3.7%) 

1974 Electr ical  World p r o j e c t i o n  

1975 Electrical World p r o j e c t i o n  f o r  1975 

1973 Electr ical  World p r o j e c t i o n  

Actual  GNP, 1974 -2.1% 

3.7% t o  1990 
3.0% t o  1995 

-2.3% 

ERDA Response: 

The a d d i t i o n a l  GNP f i g u r e s  r e f l e c t  t h e  r e c e n t  depressed s ta te  of t h e  
n a t i o n a l  economy. I n  f a c t  some i n v e s t i g a t o r s  are p r e d i c t i n g  h i g h e r  
growth rates (see response t o  comment on page 111-15 of t h e  SIPI  l e t te r ) .  
A s  s t a t e d  p rev ious ly ,  t h e  use of s h o r t  term t r a n s i e n t s  f o r  long range 
planning is i n a p p r o p r i a t e .  

Comment (p. 1-12): 

“Seventy-eight u t i l i t y  companies r eques t ed  p r i c e  i n c r e a s e s  i n  
1974, t r i p l i n g  t h e  amount p e r  i n c r e a s e  ove r  1970. Although 
t h e  cos t -bene f i t  a n a l y s i s  does n o t  cons ide r  p r i c e  e l a s t i c i t y ,  
t h e  average 24% i n c r e a s e  i n  t h e  p r i c e  of e l e c t r i c i t y  i n  1974 
should,  using t h e  Chapman, T y r r e l l  and Mount analysis ,** 
e v e n t u a l l y  l ead  t o  a demand 36% less than  i t  would otherwise 

**Duane Chapman, Timothy T y r r e l l ,  and Timothy Mount, “ E l e c t r i c i t y  
Demand Growth and t h e  Energy Crises,” Science,  Vol. 178, November 
17, 1972, pp. 703-8. 
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have been. 
drop  of 3 .6% by t h e  end of 1975." 

A drop of 18% would be appa ren t  i n  1981, w i t h  a 

ERDA Response: 

The Chapman, T y r r e l l  and Mount a n a l y s i s  p r e d i c t s  e l a s t i c i t y  e f f e c t s  
apprec i ab ly  g r e a t e r  than  o t h e r  s t u d i e s  us ing  more r e c e n t  d a t a .  
t h i s  a n a l y s i s . w o u l d  p r e d i c t  a drop  i n  demand ( r e l a t i v e  t o  h i s t o r i c  pro jec-  
t i o n s )  by t h e  end of 1975. 
t o  h i s t o r i c  rates of i n c r e a s e  i n  demand f o r  e l e c t r i c i t y .  I n  b a l a n c e ,  
t h e  i n c r e a s e  i n  c o s t  of e l e c t r i c i t y  must be weighed a g a i n s t  t h e  r a p i d  
rise i n  c o s t  of a l t e r n a t i v e  energy  forms and t h e  r e s u l t i n g  g e n e r a l  
p r i c e  i n c r e a s e s  throughout t h e  economy. P l e a s e  a l s o  see t h e  ERDA response  
to t h e  comments on page 111-20 of t h e  SIP1 le t te r .  

A s  no ted ,  

To t h e  c o n t r a r y ,  t h e  FF'C f o r e s e e s  a r e t u r n  
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Chapter I1 

THE POTENTIAL FOR A HYPOTHETICAL CORE DISRUPTIVE ACCIDENT 

General Response: 

This chap te r  con ta ins  a l a r g e  number of comments on LMFBR "explosions" 
and co re  d i s r u p t i v e  a c c i d e n t s ,  many of which appear t o  ove r l ap  o r  t o  
be based on similar premises.  I n  such cases t h e  ERDA response t o  a 
given comment may no t  i n c l u d e  a l l  of t h e  r e l evan t  background information 
contained i n  responses  t o  p rev ious  comments on pages 11-1 through 11-10. 
For t h i s  reason some of t h e  responses  should be considered i n  t h e  con- 
text of t h e  responses  t o  o t h e r  comments i n  t h i s  s e c t i o n .  Considerable  
a d d i t i o n a l  information on t h e s e  and r e l a t e d  t o p i c s  is included i n  
Sec t ion  111 B of t h e  F i n a l  Environmental Statement (FES). 

Comment (p. 11-2) : 

"Safety hazards  i n  t h e  LNFBR p rogran  are i n ,  theory very g rea t . .  . , 
i t  i s  p o s s i b l e  f o r  t h e  f u e l  of an LMFBR t o  undergo a n u c l e a r  
explosion.  This  fol lows from t h e  use  of two t o n s  of plutonium 
i n  a form which, without  f u r t h e r  a l t e r a t i o n ,  can be made t o  
explode. The c r i t i c a l  mass of LMFBR f u e l  i s  e s t ima ted  v a r i o u s l y  
as between 30 and 60 kilograms (p. v.20-7) -roughly one hundred 
pounds-or a very small f r a c t i o n  of t h e  tons  of f u e l  a v a i l a b l e  i n  
a power p l a n t .  From t h i s  i t  fol lows as w e l l  t h a t  a small p a r t  of 
a p l a n t ' s  f u e l  may be s t o l e n  and made i n t o  a n u c l e a r  weapon." 

, 

ERDA Response: 

This  comment appears  t o  b e a r  upon two i s s u e s :  t h e  p o t e n t i a l  f o r  a 
n u c l e a r  exp los ion  w i t h i n  t h e  r e a c t o r  and t h e  p o t e n t i a l  fo r  t h e f t  of 
a p o r t i o n  of t h e  plutonium f u e l  and t h e  f a b r i c a t i o n  of a nuc lea r  weapon. 
The ques t ion  of an explosion w i t h i n  an LMFBR i s  d i scussed  i n  responses 
t o  t h e  comments t h a t  fol low.  With regard t o  t h e  f a b r i c a t i o n  of a nuc lea r  
weapon as a r e s u l t  of t h e  t h e f t  of a sma l l  p a r t  of a p l a n t ' s  f u e l ,  t h i s  
is g e n e r a l l y  regarded as i n f e a s i b l e  though t h e o r e t i c a l l y  p o s s i b l e .  
Dr .  Theodore Taylor  i n  testimony a t  t h e  p u b l i c  h e a r i n g  on t h e  PFES* a f t e r  
d i s c u s s i n g  t h e  p r a c t i c a l i t y  of f a b r i c a t i n g  a weapon from LMFBR f u e l  a t  
some l e n g t h  concluded, " Jus t  t o  s ta te  an opinion - and t h a t ' s  r e a l l y  a l l  
i t  is  - I would say  t h a t  w i th  f a s t  b reede r  f u e l  without  s e p a r a t i n g  t h e  
plutonium, one would have an o b j e c t  so b i g  and so heavy, my guess i s  i t  
would weigh a number of t ons ,  t h a t  I th ink  one should look a t  t h e  
a l t e r n a t i v e ,  namely, what is requ i r ed  t o  s e p a r a t e  t h e  uranium from t h e  
plutonium. It 

*Volume 1, Pub l i c  Hearing Record f o r  t h e  Pub l i c  Ilearing h e l d  May 27-28, 
1975 on t h e  Proposed F i n a l  Env i ronmnta l  Statement ,  WASH-1535 Decemher 
1974 f o r  t h e  Liquid Metal F a s t  Breeder Reactor  Program, pp. 321-323. 
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Connwnt (p. 11-3): 

"The s a f e t y  of nuc lea r  power is a d e c i s i v e  i s s u e ,  and t h e  s a f e t y  of 
LMPBRs depends d e c i s i v e l y  on t h e i r  p o t e n t i a l  f o r  explosion - i f  t h e  
p l a n t s  are found t o  be l i k e l y  to s u f f e r  exp los ions  t h a t  r e l e a s e  
r a d i a t i o n  i t  seems very u n l i k e l y  they w i l l  e v e r  be b u i l t  i n  a 
populated country." 

ERDA Response: 

It is  agreed t h a t  i f  t h e r e  were a p o t e n t i a l  f o r  explosion,  t h i s  would 
be  a d e c i s i v e  LMFBR s a f e t y  ques t ion  and t h a t  they would not be b u i l t  i n  
populated areas. The ques t ion  of t h e  e f f e c t s  of an e n e r g e t i c  d i s r u p t i v e  
acc iden t  ( rup tu r ing  t h e  p r o t e c t i v e  enc losu res )  has  been d i scussed  i n  the  
response t o  t h e  comments on pp. 11-6 and 11-7. However, i t  is expected 
t h a t  RhD e f f o r t s  w i l l  i n  t h e  near  f u t u r e  provide a b a s i s  f o r  t h e  con- 
c l u s i o n  t h a t  co re  d i s r u p t i v e  a c c i d e n t s  r e s u l t i n g  i n  t h e  gene ra t ion  of 
s i g n i f i c a n t  amounts of  m c h a n i c a l  energy a r e  p h y s i c a l l y  un rea l i zab le .  
The s a f e t y  and l i c e n s a b i l i t y  of W B R s  do no t  have t o  await t h i s  R&D 
r e s u l t  s i n c e  i t  is p o s s i b l e  t o  con ta in  s i g n i f i c a n t  amounts of mechanical 
energy from a d i s r u p t i v e  acc iden t  (e.g., t h e  FFTF d e s i g n ) ,  Once t h e  , 
a n t i c i p a t e d  R&D confirmation is ob ta ined ,  design f e a t u r e s  of subsequent 
p l a n t s  may change s i g n i f i c a n t l y .  

Comment (p. 11-5): 

"A hundred pounds o r  less of plutonium is capable  of undergoing a 
n u c l e a r  explosion.  There are circumstances i n  which a p l a n t ' s  f u e l  
may melt  - a p o r t i o n  of t he  Fermi's  f u e l  melted i n  t h e  acc iden t  
which s h u t  it dawn. I n  an a c c i d e n t  more severe than one which has  
y e t  occurred i n  a commercial power p l a n t ,  a l l  or much of t h e  f u e l  
may m e l t .  How can we know t h a t  a s m a l l  f r a c t i o n  of t h i s  f u e l  w i l l  
n o t  c o l l e c t  or be compressed u n t i l  i t  explodes?' '  

ERDA Response: 

Any imp l i ca t ion  t h a t  r e a c t o r  f u e l  material con ta in ing  a hundred pounds 
of plutonium could undergo a disassembly of p o t e n t i a l l y  damaging energy 
is i n  e r r o r .  For example, it has been e s t ima ted  t h a t  a t  least 40% of 
t h e  uranium/plutonium oxide contained i n  the  FFTF r e a c t o r  would have 
t o  accumulate i n  t h e  bottom of t h e  r e a c t o r  v e s s e l  ( fol lowing a hypothe- 
s i z e d  meltdown acc iden t )  t o  even achieve c r i t i c a l i t y  and, f u r t h e r ,  t h a t  

d i l u t i o n  and turbulence t o  prevent  c r i t i c a l i t y .  
, t h i s  amount of m a t e r i a l  would generate  s u f f i c i e n t  h e a t  t o  provide 
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Comment (pp. 11-6, 11-7): 

"Neither the AEC nor,  apparent ly ,  anyone else is therefore  i n  a 
pos i t ion  t o  draw an upper bound on the  force  of explosions 
poss ib le  i n  LMFBRs sho r t  of t he  force  of a nuclear  weapon. 
common-sense view would be t h a t  no such upper bound can ever  be 
drawn. Impl i c i t l y  conceding t h i s  po in t ,  the  AEC decl ined t o  take 
i n t o  account a l l  accidents  which are physical ly  possible .  
t he  AEC chose t o  r e ly  on its research program t o  demonstrate t ha t  
such accidents  a r e  e i t h e r  so unlikely t h a t  they need not  be taken 
i n t o  account, o r  t h a t  once i d e n t i f i e d  and understood properly,  
adequate measures can be taken t o  prevent them." 

A 

Instead,  

ERDA Response: 

While i t  is not  now poss ib le  t o  place a prec ise  upper bound, va l id  f o r  
a l l  r eac to r  designs and accident  sequences, on UlFBR accident  energies ,  
the  l a w s  of nature  make it  phys ica l ly  impossible f o r  such energies  t o  
i n  any sense be comparable t o  t h a t  of a nuclear  weapon, Based on the  
R&D already completed, i t  is clear t h a t  energy releases beyond the  
ranges which are general ly  hypothesized i n  sa fe ty  evaluat ions of LMFBR 
core d i s rup t ive  accidents  are> not  achievable.  Further,  i t  is expected, 
as indicated previously,  t h a t  R&D e f f o r t s  w i l l  i n  the  near fu tu re  
provide a bas i s  f o r  t he  conclusion t h a t  core  d i s rup t ive  accidents  
r e s u l t i n g  i n  the  generation of any s i g n i f i c a n t  amounts of mechanical 
energy are, not  only so unl ike ly  t h a t  they need not  be taken i n t o  
account, but  ac tua l ly  phys ica l ly  unrea l izable  i n  responsibly designed 
LMFBRs. While i t  is  not ye t  poss ib le  t o  show t h a t  moderately energe t ic  
core  d is rupt ions  are impossible, such events  would, at  most, lead t o  
l imi ted  po ten t i a l  f o r  damage t o  the  seals of t he  reac tor  primary 
system. 
p ro tec t ive  enclosure. 

Such l imited damage would have no d i r e c t  impact on the  

Comment (p. 11-91: 

" A l l  t h a t  seems c e r t a i n  is t h a t  we do not know how big  an 
explosion is poss ib le  o r  l i k e l y  i n  an LMFBR, and t h a t  calcula-  
t i ons  are inadequate t o  p red ic t  them. Perhaps fu l l - sca le  
experiments i n  which f a s t  reac tors  are b u i l t  and then melted 
down w i l l  provide the needed information, but  these are not  
planned so f a r  as the  publ ic  has been told." 

ERDA Response: 

The RbD re fer red  t o  previously includes both the  development of 
a n a l y t i c a l  techniques and experimental work t o  confirm these techniques. 
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Although some u n c e r t a i n t i e s  i n  a n a l y t i c a l  t e c h n i q u e s  e x i s t  t h e y  can  be 
t a k e n  i n t o  accoun t ,  a s  exr,I.ained e a r l i e r ,  by c o n s e r v a t i v e  d e s i g n .  
F u l l - s c a l e  neltdown cxpe r imcn t s  would n o t  be  meaningfu l  because  of t h e  
wide v a r i e t y  of p o s s i b l e  des iEn  p a r a m t e r s  a f f e c t i n g  a c c i d e n t  sequences  
(e.g. ,  m ~ l t d o w n s ,  such  a s  occur red  i n  ECR-I and F e r n i  and which d i d  n o t  
r e s u l t  i n  any i n j u r y  t o  t h e  p u b l i c ,  would n o t  p r o v i d e  adequa te  a s s u r a n c e  
t h a t  a mc?ltdotm under  somewhat d i f f e r e n t  c o n d i t i o n s  would n o t  have 
g r e a t e r  consequences .) 

Comment (e. 11-9, 11-10): 

"Tn t h e  second l a r g e  c a t e g o r y  of r i s k s  posed by t h e  LYFBR, t h e  
haza rds  o f  t h e f t  of p lu tonium,  even less a p p a r e n t l y  can n o t  b e  
s a i d  w i t h  c e r t a i n t v .  The S t a t e n c n t  acl:nowledges t h a t  i t s  p r e s e n t  
s e c u r i t y  s y s t e n s  w i l l  n o t  be adequa te  t o  p r o t e c t  an  expanded 
plutonium-based e lcc t r ic  pover  i n d u s t r y ,  b u t  j u s t  what measures 
w i l l  b e  needed ,  and how we are t o  know whether  t h e y  w i l l  be 
e f f e c t i v e ,  cannot  now be  dec ided .  The d e c i s i o n  a w a i t s  t h e  
outcome of  f u t u r e  s t u d y  .... U n t i l  t h e n ,  of c o u r s e ,  t h e  r i s k s  
are unknown b u t  may be  v e r y  g r e a t  indeed ."  

You e x p r e s s  concern  o v e r  t h e  dependence of  f u t u r e  s a f e g u a r d s  adequacy 
upon t h e  s u c c e s s  of  s a f e g u a r d s  r e s e a r c h .  The acknowledgnent i n  t h e  
PFCS t h a t  t h e  p r e s e n t  s a f e g u a r d s  and s e c u r i t y  sys tems a r e  i n a d e q u a t e  
to  p r o t c c t  t h e  f u t u r e  f u e l  c y c l e s  i n  no way i n p l i e s  any doubt  t h a t  
adequate  sys tems can be dev i sed .  Sa fegua rds  and s e c u r i t y  s y s t e m  
which would more t h a n  s a t i s f y  t h e  needs  of  t h c  n u c l e a r  i n d u s t r y  have 
been r s e d  i n  o t h e r  a r e a s .  D e c i s i o n s  r e l a t i n g  t o  t h e  LrlFSR s e c u r i t y  
and t o  n u c l e a r  i n d u s t r y  s e c u r i t y  i n  g e n e r a l  w i l l  r e f l e c t  c h o i c e s  of  
how much s e c u r i t y  is  adequa te  f o r  t h e  needs  of  s o c i e t y  as a whole.  
The RhD program o u t l i n e d  I n  t h e  PFES (Volume I V ,  S e c t i o n  7.4.8) 
i n d i c a t e s  t h e  a r e a s  i n  which c o s t - e f f e c t i v e  d e c i s i o n s  mst be made 
and d e s c r i b e s  t h e  p a t h s  which w i l l  be fo l lowed t o  p i n  t h e  knowledge 
needed t o  a r r i v e  a t  t h e s e  d e c i s i o n s .  A d d i t i o n a l  m a t e r i a l  on t h e  
s a f e g u a r d s  program i s  provided  i n  S e c t i o n  111 C o f  t h e  FES. S p e c i f i c  
d e c i s i o n s  c a m o t  now be  made w i t h  t h e  conf idence  t h a t  w i l l  d e r i v e  from 
t h e  R&D program. T h i s  i s  n o t  a c a s e  of "hoping t h a t  r e s e a r c h  w i l l  
v i n d i c a t e  t h e  LNFBR" bu t  is r a t h e r  a p r o p e r  r e t i c e n c e  t o  c o m i t  t o  
s p e c i f i c  s a f e g u a r d s  t e c h n i q u e s  u n t i l  t i le a v a i l a b l e  o p t i o n s  have been  
exp lo red  and compared. 
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Chapter 111 

P r o j e c t i o n s  of Future  Electr ical  Demand 

Comment (p. 111-2): 

"To suppor t  its p o s i t i o n ,  t h e  Statement  u s e s  p r o j e c t i o n s  of demand 
t h a t  w e r e  made by t h e  Fede ra l  Power Commission from 1969 through 
1973 (pp. 2.1-14, 15). However, p r o j e c t i o n s  r e l e a s e d  by t h e  FPC 
i n  December 1974 ( t h e  d a t e  of t h e  Statement)  are ' s u b s t a n t i a l l y  
lwer' than  t h e s e ,  ' p a r t l y  e x p l a i n a b l e  i n  terms of t h e  passage of 
t i m e  and t h e  occurrence of s i g n i f i c a n t  events ' ."  

ERDA Response : 

The Federa l  Power Commission (FPC) p r o j e c t i o n s  have been and are 
s u p p o r t i v e  of t h e  electric energy demand p r o j e c t i o n s  used i n  t h e  PFES. 
Note t h a t  t h e  FPC comments on the  PFES i n  a let ter t o  W. H. Pennington, 
ERDA, d a t e d  A p r i l  3, 1975 i n d i c a t e s  t h a t  "Although i t  now appea r s  t h a t  
through 1980, a c t u a l  demands may be below t h e  p r o j e c t i o n s  of t h e  1970 
National P a r e r  Survey, t h e  Bureau of Power b e l i e v e s  i t  is q u i t e  p o s s i b l e  
t h a t  t h e  e lectr ic  loads  by 1990 would equa l  o r  exceed t h e  Na t iona l  Power 
Survey p r o j e c t i o n s  i f  there is  extensive s u b s t i t u t i o n  of c o a l  and nuc lea r  
energy,  via e l e c t r i c i t y ,  f o r  p r e s e n t  o i l  and n a t u r a l  gas  a p p l i c a t i o n s .  
We b e l i e v e  t h a t  t h e  long-term need f o r  t h e  LMFBR has no t  been diminished 
by t h e  c u r r e n t  slowdown i n  load growth." 

Comment (p. IJI-7)  : 

"In a chap te r  e n t i t l e d  'Current S i t u a t i o n '  (p. 2.1-121, a sen tence  
is i n s e r t e d  which i n d i c a t e s  t h e r e  w a s  some at tempt  t o  make t h e  
Statement seem c u r r e n t :  'Over t h e  p a s t  y e a r ,  however, growth i n  
t h e  use  of e lec t r ic  energy i n  t h e  U.S. decreased t o  about 0.6% as 
compared w i t h  t h e  7+% growth rate of p r i o r  y e a r s '  (p. 2.1-13). 
However, t h e  Statement  d e n i g r a t e s  t h e  e f f o r t s  of o t h e r  e x p e r t s  t o  
i n c o r p o r a t e  t h i s  new information i n  t h e i r  f u t u r e  planning:  
'Re la t ive ly  ab rup t  r e v i s i o n s  i n  growth p r o j e c t i o n s  seem l i k e l y  
t o  be more a r e a c t i o n  t o  c u r r e n t  u n c e r t a i n t i e s  than t o  hard 
assessments  of f u t u r e  demands' (p.1.1-7)." 

ERDA Response : 

The PFES does not  c a s t  a s p e r s i o n s  on t h e  e f f o r t s  of energy f o r e c a s t i n g  
experts t o  i n c l u d e  c u r r e n t  d a t a .  However, ERDA does f e e l  t h a t  long-term 
planning based on short- term downswings ot upswings i n  t h e  e lectr ic  
energy demand is shor t - s igh ted  and inadv i sab le .  Obviously, t h e  long- 
term energy growth t r end  c o n t a i n s  many i n s t a n c e s  of short-term 
a c c e l e r a t e d  and d e c e l e r a t e d  growth. The c u r r e n t  d e c e l e r a t i o n  i n  t h e  
f a c e  of r eces s iona ry  p r e s s u r e s  and a r t i f i c i a l l y  inc reased  petroleum 
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p r i c e s  is understandable.  But t h e  c u r r e n t  l u l l  i n  energy growth is 
n o t  due t o  an abrupt  change i n  t h e  r e l a t i o n s h i p s  between GNP and t o t a l  
energy, t o t a l  energy and e l e c t r i c  energy. I n  f a c t ,  r ecen t  experience 
only too c l e a r l y  d e f i n e s  t h e  r e l a t i o n s h i p  between energy c o s t s  and 
economic growth. Abundant, low c o s t  energy is v i t a l  t o  economic 
p rospe r i ty .  

Comment (p. 111-8): 

"Beginning from 1980 only,  and through 2020, cases were run i n  t h e  
S ta t emen t ' s  model down t o  -50% of t h e  base  case p r o j e c t i o n ,  at 
which p o i n t  t h e  bene f i t - cos t  r a t i o  w a s  gene ra l ly  shown t o  approach 
o r  f a l l  below 1.0, whatever t h e  o t h e r  v a r i a b l e s ,  a t  t h e  10% 
discount  r a t e  (p. 1V.D-3, 4). The Statement c la ims,  however, 
t h a t  b e n e f i t s  are reduced below c o s t s  only when a number of 
assumptions are s imultaneously weighted i n  a manner which is 
considered u n l i k e l y  t o  occur (p.  US-1).  " 

ERDA Response: 

F i r s t ,  it should be noted t h a t  t h e  -50% energy demand case is not 
considered l i k e l y  to  occur. Second, a s  s t a t e d  on p. 11s-1, t h e  b e n e f i t s  
are reduced below c o s t s  only i f  t h e  c a p i t a l  c o s t  estimates of t h e  LMFBR 
are e s c a l a t e d ,  o r  i f  p l e n t i f u l ,  low-cost uranium o r e  r e sources  are 
hypothesized i n  a d d i t i o n . t o  t h e  u n l i k e l y  even t  t h a t  t h e  p ro jec t ed  
e lectr ic  energy demand is reduced 50% by t h e  y e a r  2020. 
uranium p r i c e s  and s e p a r a t i v e  work p r i c e s  a r e  inc reased  t o  r e f l e c t  
current p r i c e s ,  t h e  b e n e f i t s  are inc reased  s u b s t a n t i a l l y  as i n d i c a t e d  
in Sec t ion  I11 F, 11.2s of t h e  FES. 

Fur the r ,  if 

Comment (pp. 111-9, 10, 11):  

SIPI  n o t e s  t h a t  o t h e r s  have made populat ion p r o j e c t i o n s  which a r e  
less than the  p r o j e c t i o n  used i n  t h e  PFES and concludes t h a t  t h e  
PFES electr ic  power demand p r o j e c t i o n s  are thus too high.  

ERDA Response: 

The populat ion p r o j e c t i o n  updates you desc r ibe  and t h e i r  subsequent 
impact on t h e  e lec t r ic  energy p r o j e c t i o n s  are small r e l a t i v e  t o  t h e  
parameter v a r i a t i o n s  a l r eady  considered i n  t h e  PFES. 
a l l  populat ion p r o j e c t i o n s  l i s t e d  in t h e  comment f a l l  w i t h i n  t h e  envelope 
of energy p r o j e c t i o n s  used i n  the cos t -bene f i t  s tudy .  I n  p a r t i c u l a r ,  t h e  
1975 Bureau of Census r epor t  referenced by SIPI appears t o  d i f f e r  only 
s l i g h t l y  from t h e  1972 E-series p r o j e c t i o n  used In  t h e  PFES. 

As s t a t e d  e a r l i e r ,  
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Comment (p. 111-11) : 

"In its p r o j e c t i o n s  of f u t u r e  e l e c t r i c i t y  demand, t h e  Statement  
e s t i m a t e s  t h e  s i z e  of t h e  work f o r c e  from t h e  h i s t o r i c a l  popu la t ion  
i n  t h e  18  t o  64 age group (p. 11.2-53). It states t h a t  t h e  e f f e c t s  
of changes i n  age composition of t h e  popu la t ion  would n o t  b e  
appa ren t  u n t i l  t h e  l a t e  1990s (p. 11.2-138). I n  c o n t r a s t ,  t h e  
McGraw-Hi l l  s t u d y  p r e d i c t s  ' I . .  . t he  U.S . l a b o r  f o r c e ,  because of 
t h e  changing age composition of ou r  popu la t ion ,  w i l l  g r w  less 
r a p i d l y  beginning w i t h  t h e  l a t e  1970s t h a n  i n  earlier years ."  
The Statement  does n o t  c o n s i d e r  changes i n  t h e  unemployment ra te ,  
which is  c u r r e n t l y  o v e r  8%." 

ERDA Response : 

The material you r e fe renced  on p. 11.2-138 was t aken  o u t  of c o n t e x t  and 
does not relate to the  work force assumption as you imply.  The full 
s t a t e n e n t  is as fo l lows :  "The t r e n d  toward lower b i r t h  r a t e s ,  i f  
a c c e l e r a t e d ,  could lessen f u t u r e  energy demand, through chanres  i n  
popu la t ion  and age-grou? d i s t r i b u t i o n s ,  a l though t h e  e f f e c t  o f  t h e s e  
changes would n o t  b e  appa ren t  u n t i l  t h e  l a t e  1990's." 

As prev ious ly  s t a t e d ,  ERDA does n o t  f ee l  t h a t  short- term t r e n d s  are 
n e c e s s a r i l y  i n d i c a t i v e  of long-term t r e n d s .  

Comment (p.  111-12) : 

"S imi l a r ly ,  t h e  Statement  assumes a c o n t i n u a t i o n  of t h e  h i s t o r i c a l  
2.6% i n c r e a s e  i n  p r o d u c t i v i t y  p e t  employee p e r  annum (p. 11.2-53). 
It does n o t  c o n s i d e r  changes i n  working hour s ,  which t h e  PfcCraw- 
H i l l  s t u d y  p r e d i c t s  w i l l  b e  dawn 6% p e r  employee by 1988, o r  
e f f o r t s  a t  conse rva t ion  of energy,  which would r e v e r s e  t h e  i n c r e a s e  
i n  l a b o r  p r o d u c t i v i t y .  Although t h e  ? fcCraw-Hi l l  s t u d y  p r e d i c t s  a 
resumption of t h e  2.6% r a t e  of i n c r e a s e  a f t e r  1974, i t  e s t i m t e s  
an o v e r a l l  d e c l i n e  t o  2.32 from 1973 t o  1988 as a r e s u l t  of t h e  
d e c l i n e  i n  1974 alone." 

ERDA Response: 

Reductions i n  working hour s  p e r  employee are c e r t a i n l y  n o t  i n d i c a t i v e  
of decreased_ p r o d u c t i v i t y .  
as p r o d u c t i v i t y  h a s  h i s t o r i c a l l y  inc reased .  Enersy conse rva t ion  is 
synonynous w i t h  dec reased  t o t a l  ener,gy use.  Energy conse rva t ion  does n o t  
only imply p r e s e r v a t i o n  b u t  a l s o  energy t h r i f t  i n  t h e  s e n s e  of less waste 
and inc reased  energy end-use e f f i c i e n c y .  
response t o  t h e  comment (p. 1-11), t h e  above mFntioned d i f f e r e n c e s  i n  
p r o d u c t i v i t y  growth estimates are minor. 

Working hour s  have h i s t o r i c a l l y  dropped j u s t  

F u r t h e r  as noted i n  t h e  R D A  
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Comment (p. 111-15) : 

1. 
a r e t u r n  t o  an  ' i n t e n n e d i a t e  technology'  which i s  more l abor -  
i n t e n s i v e ,  y i e l d i n g  a lower GNP." 

"Accelerat ing energy p r i c e s  and h igh  unemployment may h e r a l d  

ERDA Response: 

Forecasters, in l i g h t  of recent events, s t i l l  predict GNP growth rates 
s imi l a r  t o  t h e  3.9X assumed i n  t h e  PFES. For example, t h e  Hudson- 
Jorgenson growth model p r o j e c t s  t h e  GKP t o  have an annual  average 
growth rate of 3.854 over  t h e  pe r iod  1975 t o  2000.* 

*Hudson. E.  A.. and Jorpenson. !I. W.. ' ' U . S .  Enernv'Policv and Econonic 
I_ 

Growth , .1975-2000 , I 1  5eli J o u r n a l  of Economics and Yanagenent Sc ience ,  
(Spring,  1975),  p.  490. 

2. "An i n c r e a s i n g  p o r t i o n  of t h e  GNP w i l l  b e  c l a i n e d  by a c t i v i t i e s  
which are less ene rgy- in t ens ive  than  t h e  p roduc t ion  of commodities : 
educa t ion ,  l e i s u r e ,  h e a l t h  c a r e  , government a c t i v i t i e s  and o t h e r  
services. 
increinental  hwhrf incremental  c o n s t a n t  d o l l a r s  . I '  

This h a s  been evidenced by a d e c l i n e  i n  r e c e n t  y e a r s  of 

E D A  Response: 

There are s o m  i n d i c a t i o n s  t h a t  t h e  c o m u n i c a t i o n ,  t r a d e  and services 
growth w i l l  l a g  o v e r a l l  GTP growth." 
t h a t  services are r e l a t i v e l y  energy intensive.** 

Also, t h e r e  is evidence t o  i n d i c a t e  

*S t rou t ,  Alan hl . ,  Technoloeical aan , ce  and U n i t e d  S t a t e s  E n e r p  
Consunption, 1939-1954, ( U c p b l i s h e d  PhD d i s s e r t a t i o n )  , Univ. of Chicago, 
19 66. 
**Hudson and Jorgenson,  Op. C i t . ,  p. 490 

Comcnt  (p.  111-16): 

3. "Market s a t u r a t i o n  aay b e  approaching i n  r a d i o s ,  t e l e v i s i o n ,  
r e f r i g e r a t o r s  and o t h e r  hone a p p l i a n c e s ,  i l l u m i n a t i o n ,  a u t o n a t i o n  
of many i n d u s t r i a l  p rocesses ,  a i r  cond i t ion ing  i n  t h e  commercial 
s e c t o r  . I '  

ERDA Response: 

H i s t o r i c a l  elcperience h a s  shown t h a t  new markets have developed as o l d  
markets were s a t u r a t e d .  For example, t h e  t e l e v i s i o n  market w a s  borne 
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as t h e  r a d i o  market approached s a t u r a t i o n .  
in l a b o r  f o r c e  p a r t i c i p a t i o n  by women i n  r e c e n t  y e a r s ,  a movement toward 
more l a b o r  saving household d e v i c e s  seems l i k e l y .  

I n  t h e  l i g h t  of t h e  i n c r e a s e s  

C m e n t  (p. 111-16): 

4. 
1974, Bank of America, t h e  wor ld ' s  l a r g e s t  bank, r e p o r t e d  a yea r  t o  
y e a r  l o a n  growth of 31%. 
and t h e  i n t e n t i o n  was r e p o r t e d  i n  February 1975 t o  purposely lower 
it t o  lo%,  a ra te  t h a t  w a s  considered one they could " s u s t a i n  on 
a long-term basis ."  

"There may be less c a p i t a l  a v a i l a b l e  from loans .  I n  September 

By December 1974, i t  had f a l l e n  t o  26%, 

ERDA Response: 

C a p i t a l  a v a i l a b i l i t y  is a complex problem w i t h  many f a c e t s .  
n o t e  o t h e r  t r e n d s  and e v e n t s  such as: 

One must a l s o  

1) t h e  r e c e n t  I n c r e a s e  I n  t h e  investment t a x  c r e d i t ;  
2) t h e  d e c l i n e  i n  i n t e r e s t  rates; 
3) new c a p i t a l  f i nanc ing  techniques such as employee stock- 

owning o p t i o n s .  

Comment (pp. 111-16, 17, 18): 

5 .  "The f u t u r e  of e l e c t r i c i t y - i n t e n s i v e  i n d u s t r i e s  such as aluminum, 
petro-chemicals and uranium enrichment is uncertain: . . ."  

ERDA Response: 

Obviously,  t h e  composition of t h e  U.S. and world economy is n o t  and has  
n o t  been s ta t ic .  The PFES does no t  assume an  a b s o l u t e  con t inua t ion  of 
t oday ' s  economic cond i t ions .  However, t h e  PFES does assume t h a t  
h i s t o r i c a l  t r e n d s  of GNP, t o t a l  energy and e lectr ic  energy growth w i l l  
con t inue  a l though  perhaps modified by f u t u r e  c i rcumstances.  Of c o u r s e ,  
h i s t o r i c  growth and f u t u r e  growth stems from t echno log ica l  and s o c i a l  
changes. 

Comment (pp. 111-18, 19):  

"Though SIPI'S comments s p e c i f i c a l l y  asked f o r  an  e v a l u a t i o n  of 
t h e  Council  on Environmental Q u a l i t y ' s  ' ha l f  and h a l f '  p l an ,  
which r e s u l t s  i n  an  annual  energy growth r a t e  of 1.8% by 2000, 
t h i s  was no t  mentioned. Nor is t h e  impact d i scussed  of the  
e f f e c t  on demand of t h e  F e d e r a l  Energy O f f i c e ' s  p l a n  (SIPI, 
p. IV-8). The FEO is ,now t h e  F e d e r a l  Energy Adminis t ra t ion,  
which produced t h e  P r o j e c t  Independence Report .  This  p r o j e c t s  
a r ange  of growth ra tes  from 3.2% down t o  2.1% by 1985." 
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ERDA Response: 

The Council  on Environmental Q u a l i t y ' s  ' h a l f  and h a l f "  plan is discussed 
on pages 6C.6-8 through 6C.6-10. A number of o t h e r  approaches t o  energy 
conse rva t ion  are desc r ibed  i n  Sec t ion  6C.6.1. 

Although F E A  e lec t r ica l  derqnd growth p r o j e c t i o n s  are less than  t h e  ERDA 
base  case p r o j e c t i o n ,  t h e  FEA p r o j e c t i o n s  do f a l l  w i t h i n  t h e  range of 
parameters considered i n  t h e  cos t -bene f i t  s tudy.  In  t h e i r  le t ter* of 
May 1, 1975 t h e  FEA s t a t e d  t h a t  i f  a program of n a t i o n a l  conservat ion and 
demand management could b e  achieved,  e lectr ical  growth could be 25% less 
than t h a t  p r o j e c t e d  by ERDA. 
I n  e lectr ic  demand, and a d d i t i o n a l  cases assumign an in t e rmed ia t e  25% 
reduc t ion  have been included i n  Section 111 F, 11.2s of t h e  FES. In  
a d d i t i o n ,  t h e  FEA s ta tes  i n  t h e i r  le t ter  t h a t  even wi th  reduced demand 
t h a t  "...we are dependent on t h e  use of n u c l e a r  generated e l e c t r i c i t y  t o  
meet o u r  needs'' and t h a t  "...it is e s p e c i a l l y  important  t o  cont inue w i t h  
ERDA's p r e s e n t  LMFBR Program." 

The PFES considered cases of a 50X reduct ion 

*Federal  Energy Adminis t ra t ion,  comment l e t te r  No. 89 on PFES. 

Comment (p. 111-19): 

"The Conference Board has  expressed a concern. which w a s  no t  
reflected i n  t h e  Statement:  

Energy p r i c e s  r o s e  n e a r l y  114: f a s t e r  than t h e  g e n e r a l  
p r i c e  l e v e l  (26.5% compared wi th  14.1%) from 1970 t o  
1973, and by t h e  t h i r d  q u a r t e r  of 1974 had widened t h e  
margin by an a d d i t i o n a l  50% (over  t h e  1973 average) .  
I n c r e a s e s  i n  r e l a t i v e  energy p r i c e s  of t h i s  magnitude 
should b r i n g  about s u b s t a n t i a l  changes i n  energy use.  

However, t h e  Board concludes t h a t  energy use  could grow at an 
annual rate of only 1.5% till 1985 without  damage t o  t h e  economy, 
assuming "adjustments i n  product ion and consumption t h a t  w i l l  
permit  less energy t o  b e  consumed p e r  un i t  of product." 

ERDA Response: 

Energy p r i c e s  r o s e  as a r e s u l t  of imported oil p r i c e  e s c a l a t i o n s .  
Obviously if w e  cont inue t o  depend on imported oil we w i l l  s u f f e r  t h e  
economic p e n a l t i e s .  Huwever, i nc reased  dependence on domestic c o a l  and 
n u c l e a r  r e sources  can counter  t h e  energy p r i c e  r ise e f f e c t s  on eneray 
demand and economic growth. 
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Comment (p. 111-20) : 

"SIPI'S comments requested an evaluat ion of how recent  p r i ce  
increases  would a f f e c t  fu tu re  e l e c t r i c a l  demand (SIPI,  p. IV-5 
t o  7) .  This was not  found, though the re  w a s  mention of t h e  
Chapman, T y r r e l l  and Yount s tudy on p r i c e  e l a s t i c i t y ,  which 
vas s a i d  t o  p ro jec t  consumption of 1.9 t o  4.6 t r i l l i o n  kwhr 
by 2000 (p. 11.2-56). 
i n  p r i c e  causes electrl.ca1 demand eventual ly  t o  be an average 
of 1.5% less than i t  would otherwise have been.* Price 
e l a s t i c i t y  s tud ie s  by Fisher  and Kaysen, Anderson, and Wilson 
were not  r e fe r r ed  to*** nor was t he  s tudy i n  the  Pro jec t  
Independence Report . " 

This s tudy  estimates t h a t  a 1% increase  

**Chapman, Tyr re l l ,  Mount, pp. 703-8. 
***M. R. Se ide l ,  S. E. P lo tk in ,  & R. 0. Reck, Energy Conservation 
S t r a t e g i e s ,  hp lementa t ion  Research Divis ion,  Off i c e  of Research 
and Monitorins, U .S . Environmental Protect ion Agency, Washington, 
D.C., July 1973, pp. 16-19. 

ERDA Response: 

The f o l l w i n g  da ta  shaws the  range of p r i c e  e l a s t i c i t i e s  computed by 
various inves t iga to r s  : 

Study Data Range of Price 
Date I_ Bas e Elas t i c i t y  

Fisher-Kay sen (1962) 1946- 5 7 - .22 t o  - .99 

Anderson (19 72) 19 4 7- '6 9 - .sa t o  - .77 
Wilson (1971) 1968 -1.33 

Halvorsen (19 72) 196 1- '69 -1.09 t o  -1.14 
Chapman e t  a l .  (1972) 1946-' 70 -1.3 t o  -1.7 
Griff  i n  (1974) 1953-'71 - .51 t o  - .52 

Price e l a s t i c i t i e s  of Chapman e t  a l .  are t h e  h ighes t  among your 
references and those shown above. Note t h a t  t he  PFES d i d  not  include 
electric energy derrsnd increases  due t o  reduced power c o s t r o f  t he  
LMFBR. 
energy use may have been overemphasized a s  wi tness  the  continued increase  
in gasol ine  consumption desp i t e  a near doubling i n  i t s  cos t .  

P r i ce  e l a s t i c i t y  of enerey demand and i t s  e f f e c t  i n  changing 

Comment (p. 111-22): 

"In genera l ,  t h e i r  (Chapman e t  a l . )  conclusions may tu rn  out  t o  be 
conservat ive.  Their lowest pro jec t ions  were based on the  assumption 
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of an average annual  e l e c t r i c i t y  p r i c e  i n c r e a s e  of 3.33% of 1970 
va lues  f o r  t h i r t y  y e a r s ,  or a doubling of p r i c e  by t h e  yea r  2000. 
The i r  demand p r o j e c t i o n  of 2.01 t r i l l i o n  kwhr i n  2000 used t h a t  
rate of p r i c e  i n c r e a s e ,  coupled wi th  a popu la t ion  growth of 1.42 
pe r  y e a r ,  GNP of 4X and p e r  c a p i t a  pe r sona l  income growth of 2.9% 
p e r  yea r .  The expe r i ence  i n  1974 makes t h i s  low demand seem more 
p o s s i b l e :  a p r i c e  i n c r e a s e  of 249: over t h e  1973 l e v e l ,  populat ion 
growth of 0.7%, GNP d e c l i n e  of 2.1%, and unemployment reaching 8% 
by early 1975." 

ERDA Response : 

A more recen t  p r o j e c t i o n  by T y r r e l l  i n d i c a t e s  a base p r o j e c t i o n  of 5 . 1  
t r i l l i o n  kwhr i n  2000. The va lue  of 2 t r i l l i o n  kwhr i n  2000 is 
unbe l i evab ly  low s i n c e  t h e  va lue  for 1974 w a s  1.8 t r i l l i o n  kwhr. 
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Chapter N 

Conservation 

Comment (p. IV-1)  : 

With regard t o  energy conservation, t he  Proposed Fina l  Environmental 
Statement reported tha t :  

"Some measures are s a i d  t o  o f f e r  minor r e l i e f  b u t  involve economic 
and environmental pena l t i e s ,  while  o the r s  are admitted t o  be 'worth 
pursuing and should be implemented where p rac t i ca l '  (p. 6 C .  7-1). 

"Among the  former are improvements i n  resource ex t r ac t ion  and power 
p l an t  conversion e f f i c i e n c i e s ,  'whose t o t a l  cont r ibu t ions  might 
r e s u l t  i n  savings equivalent  t o  approx. 5% of U.S. generat ing 
capaci ty  in the  year 2000' (p. 6C. 7-3) .  This is below the  
estimate of 9.7 t o  15.9% discussed i n  SIPI's comments (SIPI, 
p. IV -17  and 18). There is no discussion of why the  higher  
estimate is  not  accepted, or even of t he  implicat ions of t he  5% 
projected savings . I t  

ERDA Response: 

The estimate of 9 . 7  t o  15.99: used i n  S I P I ' S  testimony on the  Draf t  
Statement (pp. IV-17 and 18) was predicated on a d i f f e r e n t  b a s i s  from 
t h a t  of t he  r e s u l t s  of conservation measures as discussed i n  the  D r a f t  
Statement. SIPI'S Table 5 (page IV-17) c l e a r l y  s h w s  t h a t  t h e i r  es t imate  
included a "cred i t t t  of 7% for  improved energy conversion devices.  
devices w e r e  discussed by the AEC i n  a d i f f e r e n t  s ec t ion  of the  Draft  
Statement (6B) from t h a t  i n  which energy conservation w a s  examined, and 
were not  included i n  the  5% AEC f i g u r e  noted in t he  comment. On t h i s  
b a s i s ,  i t  i s  seen t h a t  AEC's 5 %  savings should be  compared t o  SIPI'S 
"Extraction" pro jec t ion  ( S I P I  Table 5)  of 2.7-8 .92 ,  and not  t o  a range 
of 9.7-15.9%. Therefore,  considering the  unce r t a in t i e s  i n  both 
es t imates ,  the  AEC and SIPI project ions are more or less comparable. 

These 

The implicat ions of a 5% savings would no t ,  as discussed i n  the  State- 
ment, be  of major s ign i f icance  with regard t o  the  quest ion of whether 
o r  not conservation could replace the  need f o r  t he  breeder .  
a l s o  discussed, a 5% savings or any savings is des i r ab le  and s t eps  should 
be taken t o  achieve these savings i f  economically and technica l ly  
j u s t i f i e d .  Reduction i n  energy usage v i a  conservation measures w i l l  be  
needed along with seve ra l  new energy sources ,  of which the  breeder is 
one opt ion,  t o  narrow the  gap between f u t u r e  energy supply and demand. 

However, a s  
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Comment (p. IV-1): 

"The Statement cons ide r s  t h a t  end-use conservat ion is a measure t h a t  
can r e s u l t  i n  very s u b s t a n t i a l  and worthwhile e n e r w  SaVingS and 
could appreciably lower U.S. demand f o r  both e l e c t r i c i t y  and t o t a l  
energy usage i n  t h e  yea r s  t o  come (p. 6C. 7-3). The consensus is 
noted t h a t  a vigorous,  s u c c e s s f u l  conservat ion program could reduce 
to ta l  energy consumption by 30% by t h e  yea r  2000 (p.C. 7-6). 
However, the reduction of 20% of demand is then the only example 
of s av ings  by conservat icn i n  a t a b l e  e n t i t l e d  Energy Sources f o r  
E l e c t r i c i t y  P r o j e c t i o n  i n  t h e  Year 2000 without t h e  Breeder 
(p. ll. 1-24) . I '  

ERDA Response: 

The 20% f i g u r e  was s e l e c t e d  as an example o r  p o i n t  of depa r tu re  f o r  
d i scuss ion  of a p o s s i b l e  mixture of energy sources  as shown in t h e  
t a b l e .  Considering t h e  many u n c e r t a i n t i e s  a s s o c i a t e d  wi th  ach iev inz  
a 30% reduct ion by t h e  yea r  2000 as d i scussed  i n  Sect ion 6C.8, i t  is 
b e l i e v e d  t h a t  a d i scuss ion  o r  t a b l e  based on a 2CX reduct ion is n o t  
imp rope r  . 
The cornentor  appa ren t ly  f a i l e d  t o  n o t i c e  t h a t  a reduct ion of 50% w a s  
used i n  Table 11.1-4 f o r  t h e  yea r  2020. An assumed reduc t ion  of t h i s  
magnitude is g r e a t e r  than t h a t  which might be r epor t ed  as t h e  consensus 
of t h e  s t u d i e s  examined i n  Sect ion 6C.6. 

Comment (p. IV-2): 

Y'he Statement does n o t  make c l e a r  t h a t  t h e  conservat ion of 30% of 
demand p r o j e c t e d  €or 2000 st i l l  r e p r e s e n t s  a 50% greater per  c a p i t a  
energy use  than i n  1970 (Table 11.2-7, p. ll.2-53) o r  over  3 112 
times g r e a t e r  pe r  c a p i t a  e l e c t r i c a l  use than I n  1970 (p. 11.2-58)." 

ERDA Response: 

We are i n  complete ag ree ren t  t h a t  even conse rva t ive  p r o j e c t i o n s  of f u t u r e  
energy demand show t h a t  s u b s t a n t i a l l y  l a r g e r  q u a n t i t i e s  of energy 
( e s p e c i a l l y  e l e c t r i c i t y )  w i l l  be required i n  t h e  f u t u r e  on a p e r  c a p i t a  
as w e l l  a s  on an abso lu te  b a s i s .  These p r o j e c t i o n s  p o i n t  up t h e  need 
f o r  a d d i t i o n a l  energy sources ,  of which the b reede r  r e a c t o r  is one 
o p t  ion.  

Comment (p. IV-2) : 

"The Statement s ta tes  t h a t  t h e  inconveniences t o  t h e  p u b l i c  and 
changes i n  l i f e  s t y l e  t h a t  would be caused by a savings of 30% of 
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energy through conse rva t ion  by 2000, would be "moderate t o  severe" 
(p. 6C.8-1). However, ou r  review of t h e  seven prozrams desc r ibed  
on pages 6C.6-1 through 1 9  i n d i c a t e s  t h a t  those a l lowing  f o r  1.7% 
t o  2.0% f u t u r e  energy growth ra te  as opposed t o  h i s t o r i c a l  growth 
of about  3.5% iFp ly  no hinderance of n a t i o n a l  economic growth or 
change i n  l i f e  s t y l e ,  y i e l d i n g  up t o  a p r o j e c t e d  36% pro jec t ed  
t o t a l  energy sav inps  by 2000. The Subpanel XI11 program f o r  30% 
sav ings ,  f o r  example, depends on inc reased  e f f i c i e n c y  of p rocesses  
and p roduc t s ,  and n o t  on such measures as g a s  r a t i o n i n g ,  p r o h i b i t i v e  
t a x a t i o n ,  or d e l i b e r a t e l y  keeping houses less comfortable  
(p. 6C.6-16) .'I 

ERDA Response : 

The s u g g e s t i o n  t h a t  t h e  seven programs imply l h o  hinderance of n a t i o n a l  
economic growth or change i n  l i f e  s t y l e "  is deba tab le .  
Foundat ion 's  t e c h n i c a l  f i x  s c e n a r i o  relies on smaller cars, which some 
people  would cons ide r  a change i n  t h e i r  l i f e  s t y l e s ,  and t h e  EPA s tudy  
re l ies  e x t e n s i v e l y  on economic p o l i c i e s  and mechanisms such as  p r i ce -  
e l a s t i c i t y  t o  "force" some degree  of s av ings .  F u r t h e r ,  s i n c e  a l l  t h e  
s t u d i e s  concluded t h a t  energy consumption would be s i g n i f i c a n t l y  reduced, 
and most economists would a g r e e  t h a t  energy consumption is  c l o s e l y  t i e d  
t o  t h e  Gross Na t iona l  Product and/or  l i v i n g  s t anda rds ,  i t  would appear  
t h a t  a less d i r e c t  b u t  e q u a l l y  important  impact on l i f e  s t y l e s  could 
r e s u l t  from t h e s e  conse rva t ion  programs. 
t i o n  of changes i n  l i f e  s t y l e s  by a 30% r e d u c t i o n  i n  energy as being 
"moderate t o  severe" remains a p p r o p r i a t e  i n  view of t h e  ind ica t ed  changes 
and t h e  u n c e r t a i n t i e s  a s s o c i a t e d  w i t h  t h e  economic impacts of reduced 
energy consumption. 

- 

Even t h e  Ford 

We b e l i e v e  t h a t  c h a r a c t e r i z a -  

Comment (pp. IV-2, IV-3): 

"Moreover, t h e  S t a t e n e n t ' s  d i s c u s s i o n  of t h e s e  programs is n o t  
s e n s i t i v e  t o  how t h e i r  p r e d i c t i o n s  re la te  t o  r e c e n t  developments. 
I n  p a r t i c u l a r ,  t h e  concur ren t  e f f e c t  of s av ings  through conserva- 
t i o n  coupled w i t h  lower demand is n o t  considered.. .  Likewise,  
t h e  O f f i c e  of Emergency Preparedness  program p r o j e c t s  a t o t a l  
energy sav ings  of 23% t o  25% by 1990 i f  t h e  e lec t r ica l  growth ra te  
f a l l s  from 6% t o  4.5% (p. 6C. 6-3). I n  1974, t h i s  ra te  a c t u a l l y  
f e l l  .56% under t h e  1973 level ."  

ERDA Response: 

We are w e l l  aware t h a t  p r o j e c t i o n s  have been nade of c i rcumstances o r  
s c e n a r i o s  i n  which f u t u r e  energy demand is s i g n i f i c a n t l y  lower than 
p ro jec t ed  l e v e l s ,  and are s i m i l a r l y  aware of t h e  almost zero e l e c t r i c i t y  
growth ra te  i n  1974 which some sugges t  "va l ida t e s"  t h e s e  low growth 
p r o j e c t i o n s .  On t h e  o t h e r  hand, w e  a l s o  r e a l i z e  t h a t  p r o j e c t i n g  f u t u r e  

Q 
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energy demand is f r a u g h t  w i t h  u n c e r t a i n t i e s ,  and t h a t  t h e  r e c e n t  low 
growth experience appea r s  c l o s e l y  r e l a t e d  t o  the  adverse economic s i t u a -  
t i o n  e x i s t i n g  du r ing  t h a t  pe r iod .  
suggest to  some that we may be returning t o  h is tor ic  growth l eve l s  In 
e l e c t r i c i t y  consumption. The p o i n t  t o  be noted is  t h a t  hope fu l ly  
lowered f u t u r e  energy demand based on c u r r e n t  p r o j e c t i o n s  is a p e r i l o u s  
b a s i s  on which t o  make important  c u r r e n t  energy supply d e c i s i o n s ,  and 
t h a t  t h e  consequences of f a i l i n g  t o  develop promising energy supply 
t echno log ie s  such as t h e  b reede r ,  i f  needed, could be much more s e v e r e  
than  t h a t  of having t h e  o p t i o n  a v a i l a b l e  but  unused. 

More r e c e n t  p r o j e c t i o n s  o r  i n d i c a t i o n s  

Comment (p. IV-3): 

"The S t a t e m e n t ' s  s e c t i o n  on s p e c i f i c  conse rva t ion  a c t i o n s  does not  
g i v e  s u f f i c i e n t  coverage t o  t h e  merits of automatic  energy and 
e l e c t r i c i t y  conse rva t ion  systems.' '  

ERDA Response: 

The merits of automatic  energy c o n t r o l  systems are  recognized,  and t h e r e  
was no i n t e n t i o n  t o  d i s r e g a r d  them. The a t t empt  w a s  made t o  make t h e  
PFES s e c t i o n  on s p e c i f i c  end-use energy conse rva t ion  measures as 
comprehensive as possible; however, i t  does not discuss every s ingle  
conse rva t ion  measure t h a t  might be suggested.  

Comment (p.  I V - 4 ,  I V - 5 ) :  

"Rather t han  expand i ts  own r a t i o n a l e  of why abandonment of t h e  
breeder  i n  f avor  o f  conse rva t ion  programs might be unwise, t h e  
Statement re l ies  f o r  re inforcement  on s e v e r a l  b r i e f  quotes  from 
people  o u t s i d e  the l e a d  acency, who express  their  opinions t ha t  
"conservation, is no t  t h e  complete o r  f i n a l  answer t o  t h e  energy 
crisis" as fol lows:  

1) J .  W. Simpson, i n  a n  addres s  t o  t h e  American Nuclear 
Soc ie ty ,  s a i d  t h a t  conse rva t ion  a lone  cannot s o l v e  the  
long-term problem, and t h a t  a reduced s tandard of 
l i v i n g  f o r  Americans would not  s o l v e  t h e  world energy 
problem (p.  6C.7-10,l l) .  

The b reede r  a l o n e ,  of c o u r s e ,  does n o t  s o l v e  t h e  long-term problem 
e i t h e r ,  i t s  maximum p r o j e c t i o n  being f o r  t h e  supply of 23% of need 
i n  t h e  year  2000." 
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ERDA Response: 

ERDA is i n  complete agreement w i t h  t h e  comment t h a t  t h e  b r e e d e r  a l o n e  
w i l l  n o t  s o l v e  the long-tern energy supply problem. 
r e p e a t e d l y ,  a n i x t u r e  of s e v e r a l  energy supply concepts  will be 
necessa ry  t o  meet f u t u r e  needs ,  and t h e  b r e e d e r  is on ly  one of t h e  
op t ions  t h a t  may b e  used f o r  t h i o  purpose.  

As w e  have s t a t e d  

Comment (p .  IV-5, IV-6): 

"Jack Hoore, Southern C a l i f o r n i a  Edison Company wro te  t h a t  conserva- 
t i o n  measures can go o n l y  so f a r  and p rov ide  :nly temporary r e l i e f  
(p. 6C.7-11). I n  c o n t r a s t ,  t h e  P r o j e c t  Independence Teport  s u g g e s t s  
t h a t  'we may view conse rva t ion  measures o r  t h e  energy which is  
o the rwise  was ted ,  as a p o t e n t i a l  energy r e s o u r c e ' .  
b e n e f i t s  of conse rva t ion  noted i n  the  report are  t h e  e l i m i n a t i o n  
of p o l l u t a n t s  a s s o c i a t e d  w i t h  p roduc t ion  and consumption of t h a t  
energy,  and phasing o u t  of use t h e  'smaller, d i r t i e r  p a r e r  p l a n t s  
more r a p i d l y ' ,  as w e l l  as reducing grawth i n  new areas f o r  energy 
p roduc t ion .  'I 

.4monz t h e  

ERDh Response : 

One nay a rgue  t h a t  t h e  t v o  views are n o t  i n c o n s i s t e n t .  
conse rva t ion  nay b e  viewed as a p o t e n t i a l  ene r ,y  r e s o u r c e ,  b u t  i t  has 
its l i m i t s .  To t h e  e x t e n t  t h a t  conse rva t ion  measures e l i m i n a t e  w a s t e ,  
are t e c h n i c a l l y  f e a s i b l e  and economically a t t r a c t i v e ,  t h e r e  is l i t t l e  
q u e s t i o n  t h a t  they shou ld  b e  implemented as soon 8 s  p r a c t i c a l .  

C e r t a i n l y  

Comment (p. IV-6): 

"Carl Bagge, Na t iona l  Coal Assoc ia t ion ,  wro te  t h a t  conse rva t ion  is 
d i f f i c u l t  t o  mandate, and t h a t  adop t ion  of measures would r e p r e s e n t  
a h a r d s h i p  t o  i n d u s t r y  ( p .  6C.7-11) .'I 

"In t h i s  r e g a r d ,  t h e  Statement  f a i l e d  t o  c o n s i d e r  such expe r i ence  
as t h e  response of Los AnEeles t o  t h e f r  s h o r t a g e  i n  g e n e r a t i n g  
f u e l s  . It 

ERDA Response: 

The Los Angeles i n s t a n c e  is  c e r t a i n l y  a n  i n t e r e s t i n g  case i n  p o i n t ,  b u t  
w i thou t  f u r t h e r  i n fo rma t ion  i t  i s  d i f f i c u l t  t o  judge whether i t  i s  a 
v a l i d  excep t ion  t o  :Ir. Eagge's s u g g e s t i o n  t h a t  mandated conse rva t ion  
measures would r e p r e s e n t  a hardsh ip  t o  i n d u s t r y .  lJ i th  r ega rd  to t h e  
s u b j e c t  of reduced e l e c t r i c i t y  consumption, t h e  f o l l w i n g  commnt 
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r ece ived  i n  Letter No. 51, Southern C a l i f o r n i a  Edison Company, is of 
interest  : 

"While Ed i son ' s  kilowatt-hour sales du r ing  t h e  f i r s t  q u a r t e r  of 
1974 were down 6.1% from t h e  corresponding per iod i n  1973, t h i s  
amount or r e d u c t i o n  d i d  n o t  l a s t  f o r  t he  e n t i r e  yea r .  The average 
for  t h e  yea r  w a s  5.1% reduc t ion ,  wh i l e  i n  the  month of December 
1974 t h e  r educ t ion  was o n l y  3%. During t h e  f i r s t  t h r e e  months of 
1975 we have averaged a 2.3% i n c r e a s e  i n  energy sales over.1974. 

The 1974 ne t  Edison peak demand of 9,997 l!W occurred on J u l y  25, 
1974. Th i s  peak w a s  2.5% less than  t h e  1973 peak of 10,253 :BJ 
occu r r ing  June 21, 1973. The peak i n  the  f i r s t  t h r e e  months of 
1975 was 8,359 P N  on January 30. This  was almost  4% g r e a t e r  than 
t h a t  peak denand (8,094 MV) recorded i n  t h e  f i r s t  t h r e e  months of 
1974. Thus, i n  t h e  f i r s t  few months o f  1975 we have seen evidence 
of p o s i t i v e  growth i n  bo th  energy and peak demand i n  s p i t e  of both 
t h e  economic r e c e s s i o n  g r ipp ing  t h e  country and t h e  previous con- 
s e r v a t i o n  e f f o r t s  . '' 

Comment (p. IV-7): 

"Milton Levenson, Electric Pover Research I n s t i t u t e ,  wrote  t h a t  
h i s t o r i c a l  p r o j e c t i o n s  of popu la t ion  and pe r  c a p i t a  u se  of 
e l e c t r i c i t y  i n d i c a t e  inc reased  product ion w i l l  be a prime s o c i e t a l  
demand, r ende r ing  t h e  n e t  success  of conse rva t ion  u n l i k e l y .  

"Our chap te r  on ' P r o j e c t i o n s  of Fu tu re  Electr ical  Demand' showed 
r e p e a t e d l y  t h a t  h i s t o r i c a l  p r o j e c t i o n s  are no longer  v a l i d .  For 
i n s t a n c e ,  M r .  Levenson s a i d  i n  A p r i l  1974 t h a t  'even wi th  t h e  most 
conse rva t ive  p r o j e c t i o n s  of popu la t ion  growth du r ing  t h e  next  30 
y e a r s ,  we expect  a 30% t o  40% i n c r e a s e  in t he  n a t i o n ' s  t o t a l  
population".  I n  c o n t r a s t ,  t h e  1975 p r o j e c t i o n s  of t h e  U.S. Bureau 
of t h e  Census range between 13% and 26% i n c r e a s e  ove r  p r e s e n t  
popu la t ion  by t h e  yea r  2000. Using t h e  latest  p r o j e c t i o n s  f o r  t h e  
f e r t i l i t y  ra te  assumed i n  t h e  Statement ,  even t h e  AEC would accep t  
a popu la t ion  growth of 19% by 2000.'' 

(p .  6C.7-12)." 

ERDA Response : 

As i n d i c a t e d  i n  a p rev ious  r e sponse ,  w e  are  w e l l  aware t h a t  energy 
p r o j e c t i o n s  are a r i s k y  b u s i n e s s ,  and may,be shown t o  be t o o  low o r  
too  high as new information comes t o  l i g h t .  It  is f o r  t h i s  v e r y  r eason  
t h a t  ERDA f e e l s  i t  must be conse rva t ive  and conduct i t s  energy planning 
such t h a t  s u f f i c i e n t  energy s u p p l i e s  are a v a i l a b l e  i f  needed. 
l e s s o n s  of h i s t o r y  i n  energy usage bear  t h i s  p o i n t  o u t .  
of f a i l i n g  t o  provide needed energy would be  more s e v e r e  than  having 
energy o p t i o n s  a v a i l a b l e  but  unused. 

The 
The consequences 
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Comment (p,. IV-7): 

"The Statement 's  pas s ive  a t t i t u d e  toward promoting conservat ion 
measures is  a t  v a r i a n c e  wi th  ERDA's new mandate 'toward the  goal  
of reducing t o t a l  energy consumption t o  t h e  maximum e x t e n t  
p r a c t i c a b l e ,  and toward maximum p o s s i b l e  improvement i n  the  
e f f i c i e n c y  of energy use.  Development of  new and improved con- 
s e r v a t i o n  measures s h a l l  be conducted with t h e  g o a l  of t h e  most 
exped i t ious  p o s s i b l e  a p p l i c a t i o n  of t h e s e  measures'." 

ERDA Response : 

We do n o t  b e l i e v e  t h e  energy conse rva t ion  s e c t i o n  i n  t h e  Proposed F i n a l  
Environmental Statement c o n f l i c t s  w i t h  these  goals .  
r epor t ed  t h a t  energy conservat ion i n  combination with increased r e l i a n c e  
upon c o a l  and c u r r e n t  nuc lea r  power systems is the  best hope f o r  meeting 
the  Nat ion 's  s h o r t  term energy needs. Conservation w a s  also c i t e d  as 
having a s u b s t a n t i a l  p o t e n t i a l  as  a supplement t o  new energy sources .  
The Statement d i d  p o i n t  ou t  c e r t a i n  u n c e r t a i n t i e s  and l i m i t a t i o n s  i n  t h e  
a b i l i t y  of conse rva t ion  t o  meet its f u l l  p o t e n t i a l ,  bu t  we feel i t  i s  
only proper t o  d i s c u s s  a technology 's  l i m i t a t i o n s  as w e l l  as its 
p o t e n t i a l .  
all... a p p r o p r i a t e  cr i ter ia  should be made a p a r t  of t he  Nat ion 's  energy 
use  p a t t e r n  as soon as p r a c t i c a b l e "  is be l i eved  v a l i d  and not  i n d i c a t i v e  
of a "passive a t t i t u d e "  toward promoting conse rva t ion  measures. ERDA i s  
now pursuing r e sea rch  and development of many conservat ion measures, and 
is implementing a vigorous conse rva t ion  program on a n  expedited and w e l l -  
funded basis. 

The Statement 

Our conclusion t h a t  " those conservat ion measures that meet 
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Chapter V 

Evaluat ions Regarding A l t e r n a t e  TechnoloKies 

Comment (pp. V-1,  V-2): 

The PFES'S t reatment  of a l t e r n a t i v e  energy mixes o r  s t r a t e g i e s  is 
inadequate .  

ERDA Response: 

I n  t h e  D r a f t  Environmental Statement ,  we examined a number of energy 
mixes both w i t h  and wi thou t  t h e  breeder .  I n  response t o  comments by 
SIP1 and o t h e r s  w e  f u r t h e r  extended t h e  ana lyses  i n  the  PFES t o  inc lude  
cases without  t h e  b reede r  and us ing  o p t i m i s t i c  assumptions about t h e  
market p e n e t r a t i o n s  of unconvent ional  energy sources .  
of unconvent ional  systems c o n s i s t e d  of s o l a r ,  geothermal,  o rgan ic  wastes, 
and f u s i o n ,  and t h e s e  were examined i n  t h e  c o n t e x t  of v a r i o u s  deg rees  of 
energy conse rva t ion .  No economic cos t -bene f i t  s t u d i e s  were made f o r  
t h e s e  cases because t h e  t e c h n i c a l  and economic d a t a  f o r  most of t h e  
unconvent ional  systems are  poorly de f ined .  As an  a l t e r n a t i v e  we simply 
a s s igned  p o r t i o n s  of t h e  energy demand t o  unconvent ional  and o t h e r  
non- f i s s ion  energy sources  wi th  t h e  remainder t o  be s a t i s f i e d  by n u c l e a r  
f i s s i o n  power p l a n t s .  Based on in fe rences  from o t h e r  c o s t - b e n e f i t  cases 
t h a t  included about  t h e  same f i s s i o n  energy product ion,  it w a s  concluded 
t h a t ,  even w i t h  o p t i m i s t i c  assumptions about  t h e  success  of unconven- 
t i o n a l  a l t e r n a t i v e s ,  t h e  b e n e f i t s  of i n t roduc ing  t h e  L?fFBR would s t i l l  
j u s t i f y  i t s  development. We b e l i e v e  t h e  t reatment  of a l t e r n a t i v e  
s t r a t e g i e s  i n  t h e  PFES is adequate  and t h e  conclusions are v a l i d .  Never- 
t h e l e s s ,  we expanded t h e  scope of ou r  a l t e r n a t i v e  s t r a t e g y  s tudy  and t h e  
r e s u l t s  are given i n  S e c t i o n  I11 F, 11.1s of t h e  F i n a l  Environmental 
Statercent.  

The combination 

Comment (pp. V-2 t o  V-9): 

The PFES minimizes t h e  c o n t r i b u t i o n  of s o l a r  energy between 2000 
and 2020 and a l s o  f a i l s  t o  mention t h a t  beyond t h e  year 2020 s o l a r  
may u l t i m a t e l y  supply 100% of our e l ec t r i ca l  demands. 

ERDA Response: 

No a t t empt  was made t o  minimize t h e  c o n t r i b u t i o n s  of s o l a r  energy. 
PFES draws c e r t a i n  conc lus ions  about  t h e  e x t e n t  of s o l a r  a p p l i c a t i o n s  
and t h e  r easons  f o r  t hese  conclrisions are c l e a r l y  s t a t e d .  Your comments 
g i v e  no s p e c i f i c  r easons  f o r  a l t e r i n g  the . conc lus ions .  Concerning t h e  
sugges t ion  t h a t  s o l a r  could supply 100% of ou r  needs beyond 2020, you 
should n o t e  t h a t  t h e  PFES does no t  examine energy demands nor energy 
systems beyond t h e  yea r  2020. The energy systems i n  e x i s t e n c e  a t  2020 
are simply run t o  t h e  end of t h e i r  d e s i g n  l i f e .  

The 
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Comment (pp. v-3, V-4): 

"The Statement reports the total electric contribution of solar 
energy according to NSF/NASA to be less than 5% (p. 6A.5-18). 
Elsewhere it claims that it has adopted the NSF/NASA estimate of 
1% as the potential contribution of solar to electric conversion 
by the year 2000 (p. 11.1-19)." ... "Nowhere do they [NSF/NASA 
Solar Energy Panel] select the potential of 1% or less than 5% 
as quoted in the Statement." 

ERDA Response: 

The comment relative to the text on page 11.1-19 is valid. The error 
will be rectified in the Final Statement. 

The less than 5X figure given on page 6A.5-18 is believed to be a fair 
inference based on the NSF/NASA Solar Energy Panel Projections. Note 
that the discussion in this section is related to solar energy systems 
based on artificial collection (thermal conversion, photovoltaic, and 
managed photosynthesis). Wind, ocean thermal, and organic wastes are 
discussed elsewhere. 

Comment (pp. V - 4  to V-6): 

If economical energy storage or backup systems were developed for 
home use, photovoltaic systems on buildings would eliminate the 
need for transmission and distribution. A fuel cell operating on 
solar-produced hydrogen may be desirable as a backup system. 

ERDA Response: 

The original SIPI'comment on the Draft Statement indicated that the 
NSF/NASA Solar Energy Panel report supported the contention that 
photovoltaic systems on buildings would eliminate the need for trans- 
mission and distribution. The response to the SIP1 comment given in 
the PFES merely pointed out that the NSF/NASA report does not support 
this contention. 

Comment (pp. V-6 to V-9): 

Solar thermal conversion plants operating as supplemental power 
sources may now be competitive with oil and are getting close to 
being competitive with coal. 
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ERDA Response : 

I n  d i s c u s s i n g  supplemental  power sou rces ,  t h e  word "competit ive" i s  
misleading s i n c e  such energy sources  would no t  compare wi th  convent ional  
power p l a n t s ;  t h e  convent ional  c a p a c i t y  would need t o  be b u i l t  whether 
or n o t  supplemental  power is a v a i l a b l e .  The PFES i n d i c a t e d  t h a t  t h e  
most likely application of thermal conversion and photovoltaic plants 
would be as f u e l - d i s p l a c e r s  f o r  o i l - f i r e d  peaking p l a n t s  (see pp. 6A.2-56 
and 6A.5-28). O i l  i s  the  h i g h e s t  c o s t  u t i l i t y  f u e l  and the  c a p i t a l  
investment t h a t  can be made t o  d i s p l a c e  t h e  burning of o i l  is high. 
Neve r the l e s s ,  t h i s  would seem t o  b e  a r a t h e r  l i m i t e d  market f o r  s o l a r  
power because: (1) t h e  c o s t  estimates €or  s o l a r  p l a n t s  on which t h e  
assumption of economic v i a b i l i t y  is based,  are f o r  southwestern U.S. 
l o c a t i o n s  and (2) i t  is Na t iona l  p o l i c y  t o  reduce t h e  consumption of 
o i l  i n  power p l a n t s  through t h e  s u b s t i t u t i o n  of more p l e n t i f u l ,  lower- 
c o s t  f u e l s ,  

Concerning your view t h a t  s o l a r  supplemental  power p l a n t s  are nea r  t h e  
p o i n t  where t h e  displacement  of c o a l  may be economical, we b e l i e v e  your 
d a t a  l e a d s  you t o  a conclusion t h a t  may be t o o  o p t i m i s t i c .  You use t h e  
h i g h e s t  c u r r e n t  p r i c e  f o r  low-sulfur c o a l  t o  an Eas t e rn  u t i l i t y  and 
compare t h i s  with c o s t  estimates t h a t  are a t  least two y e a r s  o ld  f o r  a 
developmental  concept.  A s  you know, c o a l  p r i c e s  have responded t o  o i l  
p r i c e s ,  n e i t h e r  of which have any r e l a t i o n s h i p  t o  c o s t  a t  t h e  p re sen t .  
Even so, t h e  p r i c e  you assume f o r  c o a l  exceeds t h e  average pa id  by 
u t i l i t i e s  by a f a c t o r  of 2 o r  more. 

The c e n t r a l  ques t ion  t o  be answered i n  t h e  LMFBR Program Environmental 
Statement  is whether a l t e r n a t i v e  energy sources  w i l l  be a v a i l a b l e  t h a t  
w i l l  make t h e  LMFBR unnecessary.  We b e l i e v e  your comments on t h e  
f e a s i b i l i t y  of s o l a r  d i s p l a c i n g  high-cost f o s s i l  f u e l s  are i r r e l e v a n t  
t o  t h e  c e n t r a l  ques t ion .  

Comment (pp. V-9 t o  V - 1 1 1 :  

The PFES concludes t h a t  because ocean thermal systems are only i n  
t h e  conceptual  s t a g e  t h e r e  is l i t t l e  b a s i s  f o r  making a meaningful 
assessment.  "However, a demonstration p l a n t  such as Claude 's  i n  
1930 (p. 6A.6-5), and t h e  f i n d i n g s  r epor t ed  i n  t h e  1972 NSFINASA, 
1973 MITRE, and 1973 Subpanel I X  r e p o r t s  a l l  show s i g n i f i c a n t  b a s i s  
on which t o  make a 'meaningful assessment ' ."  Also,  t h e  c o s t  f i g u r e s  
given i n  the  PFES f o r  ocean thermal systems are n o t  s i g n i f i c a n t l y  
h ighe r  than those f o r  t he  LMFBR. The PFES a l s o  f a i l s  t o  cons ide r  
t h e  s u b s t a n t i a l  c o n t r i b u t i o n s  by t h e  yea r  2020 p ro jec t ed  by some 
groups. 
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ERDA Response: 

We be l i eve  the  assessment of ocean thermal systems given i n  the  PFES 
ia adequate. We a l s o  be l i eve  t h a t  any objec t ive  assessment of ocean 
thermal systems would conclude t h a t  no t  only i s  the re  l i t t l e  b a s i s  f o r  
making a meaningful assessment, t h e r e  is no b a s i s  whatsoever f o r  post- 
poning o r  h a l t i n g  o the r  promising energy programs. 

Concerning c o s t ,  t he  PFES repor t s  t he  range of es t imates  given i n  the  
l i t e r a t u r e  bu t  a l s o  presents  an independent ana lys i s  (p. 6A.6-7) t h a t  
shows present  cos t  estimates f o r  ocean thermal systems are probably 
much too low.  

Your comment t h a t  w e  f a i l  t o  consider  pro jec t ions  of market penetrat ions 
t o  the  year 2020 is  i n  e r r o r .  
meaningless. 

W e  considered them and r e j ec t ed  them as 

Conrment ( p .  V-11): 

"...there is  no s i n g l e  sec t ion  examining a l l  of t he  d i r e c t  and 
i n d i r e c t  s o l a r  energy systems coupled with t h e i r  poss ib le  
s torage  subsystems. This omission deprecates the  l a rge  r o l e  
s o l a r  energy can play i n  electrical  power production. 

"If even short-term s to rage  f a c i l i t i e s  (3 t o  6 h r s )  are 
economicslly developed using conventional generat ing systems 
as a backup, t he  r e s u l t i n g  savings i n  f u e l  might be  s u f f i c i e n t  
t o  show t h a t  development of t he  breeder  is unnecessary." 

Response: 

I f  low cos t  energy s torage  systems of 3 t o  6 hours capaci ty  are developed, 
t he  LMFBR could be used t o  meet peak-load as w e l l  as base-load needs. 
Thus, t he  need to burn o i l  f o r  peaking would be  el iminated and, with i t ,  
the  b e s t  p o t e n t i a l  market f o r  s o l a r  electric systems. 
of energy s to rage  systems would make the  breeder  even more des i r ab le ,  not  
less as you imply. 

The development 

Comment (p.  V-12) : 

"In discussing the  technology of pumped s torage ,  ( 6 A . 3 ) .  t he  
Statement makes no reference t o  the  concept,  mentioned by S I P I ,  
of bui ld ing  s o l a r  s t a t i o n s  next t o  e x i s t i n g  hydroe lec t r ic  
f a c i l i t i e s ,  which could double as pumped s to rage  f a c i l i t i e s . "  
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Response : 

Pumped s t o r a g e  is a h i g h l y  d e s i r a b l e  concept  even  wi th  t h e  e x i s t i n g  power 
sys tem,  and it is be ing  implemented where a c c e p t a b l e  s i tes  can be  found. 
But a c c e p t a b l e  s i tes  are l i m i t e d .  N e v e r t h e l e s s ,  i f  pumped s t o r a g e  could 
b e  expanded, t h e  advantages  f o r  t h e  b r e e d e r  would b e  f u r t h e r  enhanced as 
d e s c r i b e d  i n  t h e  p rev ious  response .  

Comment (pp. V-12 and V-13): 

The PFES does n o t  examine so lar -produced  hydrogen and i t s  s t o r a g e  
as a means of i n c r e a s i n g  r e l i a b i l i t y  of s o l a r  e l e c t r i c  p l a n t s .  

Response : 

I f  economical e l e c t r o l y t i c  c e l l s  are developed t h e  choice  of a p p l i c a t i o n  
would be  (1) u s e  t h e n  wi th  s o l a r  e l e c t r i c  p l a n t s  a t  a 202 use - fac to r  o r  
(2)  u s e  of f -peak  power from t h e  g r i d  a t  a 50% use - fac to r .  I n  t h i s  
comparison, t h e  v a l u e  of t h e  s o l a r  e l e c t r i c  power would b e  even less 
t h a n  t h e  v a l u e  of t h e  conven t iona l  f u e l s  d i sp l aced .  

Comment (p.  V-13): 

"One concept t h e  S ta tement  a l s o  f a i l s  t o  comprehensively t reat  i s  
t h e  development of a n a t i o n a l  g r i d  system. Such a system would 
h e l p  t o  even o u t  t h e  f l u c t u a t i o n s  of s o l a r  power i n  combination 
wi th  s t o r a g e  f a c i l i t i e s . "  

Response : 

True ,  w e  d i d  n o t  make a comprehensive examinat ion  of t h e  i m p l i c a t i o n s  of 
a n a t i o n a l  g r i d .  I f  w e  had ,  i t  i s  e v i d e n t  t h a t  t h e  b e n e f i t s  t o  t h e  L?IFSR 
would b e  s u b s t a n t i a l .  The market f o r  base-load p l a n t s  would i n c r e a s e  
because  of t h e  i n c r e a s e d  load  d i v e r s i t y .  

Comment (pp .  V-14 t o  V-17)  : 

The PFES does n o t  adequa te ly  t reat  t h e  p o t e n t i a l  of f u e l  cel ls  
f o r  meet ing  ou r  f u t u r e  e l e c t r i c a l  power needs .  

Response: 

The t r e a t n e n t  i n  t h e  PFES o f  f u e l  c e l l  t echnology i s  b e l i e v e d  adequate  f o r  
t h e  purposes  of t h e  envi ronmenta l  s t a t emen t .  Fuel cells  do n o t  p rov ide  a 
new s o u r c e  of energy b u t  do a l low mre  economical u t i l i z a t i o n  of e x i s t i n g  
energy  s o u r c e s  through t h e i r  energy s t o r a g e  c a p a b i l i t i e s .  Fue l  c e l l s  may 
be wor th  deve loping  f o r  energy  s t o r a g e  and s p e c i a l i z e d  a p p l i c a t i o n s  b u t  do 
n o t  o f f e r  a r e a l i s t i c  a l t e r n a t i v e  t o  c o a i  and n u c l e a r  systems f o r  bulk 
power g e n e r a t i o n .  



V. 66-1 24 

33 

Chapter V I  

I n t e rna t iona l  Cooperation 

Comment (pp. VI-1, 2) : 

"This provis ion ( in  the  Energy Reorganization A c t  of 1974) f o r  
easy in t e rna t iona l  cooperation r e f l e c t s  a growing r e a l i z a t i o n  
t h a t  energy i ssues  and not  m i l i t a r y  i ssues  a r e  what connect one 
na t ion  with.another.--Unfortunately, t he  Statement vas  issued 
too soon t o  r e f l e c t  t h i s  new pol icy  or the  e f f o r t s  presumably 
i n i t i a t e d  by the  assistant adminis t ra tor ."  

"While the  Statement considers  and r e j e c t s  t he  p o s s i b i l i t y  of 
wholly imported breeder technology, i t  does not consider 
working together  with o the r  na t ions  i n  the research  and develop- 
ment of t he  technology." 

ERDA Response: 

This conunenter implies  t h a t  p r i o r  t o  enactment of the Energy 
Reorganization Act of 1974, t he re  was l i t t l e  exchange of technical  
information between the  U.S. and fore ign  count r ies .  

This is simply not t r u e  - t he  exchange of technica l  information between 
the  U.S. and f o r e i p  count r ies  is not  a new policy.  
of the  Atomic Energy Commission, t he re  has been an Off ice  f o r  
In t e rna t iona l  Af fa i r s ,  one of whose funct ions it was t o  promulgate 
technica l  exchange arrangements. 
t i o n  A c t  of 1974, c i t e d  above, reemphasized the  importance of an ongoing 
funct ion of t he  Atomic Energy Commission i n  carrying on in t e rna t iona l  
exchanges i n  c i v i l i a n  nuclear technology. 

For example, i n  connection with f a s t  r eac to r  technology, t he re  has been 
an exchange of information between the  U.S. and the  United Kingdom s ince  
February 1956. Technical exchanges with the  West German nuclear  R&D 
establishments have been a c t i v e  s ince  the  1960's. There have been 
contacts  with the  two government labora tory  cen te r s  a t  Karlsruhe and 
Ju l i ch  and the  Germn i n d u s t r i a l  nuclear development organizat ion,  
Interatom. I n  cooperation w i t h  t he  General E l e c t r i c  Company, the 
Germans were p a r t i e s  t o  the  cons t ruc t ion  and operat ion of the  SEFOR 
experimental f a s t  breeder r eac to r .  
information exchanzes with the  French. Ef fec t ive  f o r  a ten-year period 
beginning i n  March 1369, t he re  w i l l  be technica l  exchanges with t h e  
Japanese f o r  f a s t  breeder reac tors .  The Japanese cooperated i n  the  
Fermi f a s t  reac tor  power p l an t  pro jec t .  
f o r  cooperation between the  U.S. and USSR, signed June 21 ,  1973, t he re  
has been ac t ive  cooperation on f a s t  r eac to r  research and development 
and o ther  technoloCies between the  two pa r t i e s .  

Since the formation 

The provis ion of the Energy Reorganiza- 

Since 1963 t h e r e  have been technica l  

A s  a r e s u l t  of the  agreement 

Q 
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General ly  t h e s e  t e c h n i c a l  exchanze agreements are implemented by v i s i t s ,  
meet ings and seminars and by exchange of r e p o r t s ,  correspondence, 
drawings and s p e c i f i c a t i o n s .  I n  some cases, arrangements have been made 
€o r  t h e  i r r a d i a t i o n  of U.S. t e s t  m a t e r i a l s  i n  a f o r e i g n  r e a c t o r  o r  
vice v e r s a .  I n  o t h e r  cases, t h e r e  may be a n  exchange of r e p r e s e n t a t i v e s  
for one o r  more years  between s p e c i f i c  f a c i l i t i e s  i n  the two countr ies .  
I n  summary, t e c h n i c a l  exchanges have been ongoing f o r  many y e a r s  and have 
been b e n e f i c i a l  t o  a l l  p a r t i e s  involved with them. However, as s t a t e d  in 
t h e  PFES, t h e r e  is  understandable  r e l u c t a n c e  f o r  t h e  U.S. t o  become 
wholly dependent on f o r e i g n  technology f o r  a major energy source with 
access t o  t e c h n i c a l  information o n l y  through l i c e n s i n s  agreements. 
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These comments are structured around the responses of  

AEC staff t o  my initial comments on the AEC Draft 

Environmental Statement, Liquid bletal Fast Breeder 

Reactor Program. 
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Regarding Comment #l. Accidents. 

The following commentary is referenced to  the attached. 

1 )  Note that  this Comment applies t o  the en t i re  nuclear fuel cycle, 

not just to  reactors, as the Commission would imply here. 

2) As a paraphrase of my Comment, the phrase ' i n  principle' should be 

inserted here. 

3)  This i s  n o t  t o  say, however, that  major accidents would n o t  occur 

i n  the process of making 'the likelihood o f  occurrence' small. 

4 )  This sentence is  irrelevent,  and is  not necessarily true. The 

definit ion of a destructive ac t  i s  value based. A destructive a c t  may, i n  

f a c t ,  result i n  more or less order i n  the system i n  question. 

The argument made i n  the Comment is that  i t  is easier t o  d i s r u p t  

physical order than i t  i s  t o  create i t .  This argument is  consistent w i t h  the 

Second Law of Thermodynamics, and while I can n o t  c i t e  a more general theorem 

from non-equilibrium s t a t i s t i c a l  mechanics or from information theory (which 

is  not t o  say tha t  such a theorem does n o t  e x i s t ) ,  I would suggest tha t  the 

empirical support for this argument i s  considerable, and that  therefore as a 

valid pragmatic principle, i t  must be given most careful consideration. For 

when t h i s  argument is  applied to a physical element of the nuclear fuel cycle, 

such as a reactor (which i s  the quintessence of physical order), then i t  would 

necessarily imply that  i t  i s  much easier t o  selectively d i s r u p t  the reactor,  

even catastrophically, than i t  was to  construct i t .  The Commission must 

recognize that  i n  this comparative sense i t  is  a minor technological task.  

Consider the 100s of millions of dollars tha t  went into the energy, labor, and 

resources associated w i t h  the design and construction of the reactor. Then 
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consider the s t a b i l i t y  of that  system against system-disruptive processes 

tha t  are  orders o f  magnitude less  intensive i n  their capital  demands i n  the 

form of energy, labor, and resources. 

disruptive e f fec t  produced by a candle i n  the recent accident a t  the Brown's 

Ferry reactor.)  The Comment's discussion o f  the physical s t a b i l i t y  of j e t  

a i r c r a f t  developed the same thesis around a comparable and existing technology. 

As was pointed out there,  however, the two technologies do have very different  

potentials for societal disruption. 

(Witness, for instance, the non-deliberate 

Recognize tha t  a broad spectrum of possible disruptive techniques exis ts .  

Consider two limiting cases of deliberate catastrophic reactor disruption. 

The f i r s t  would be energy intensive;- an explosive device detonated i n  such a 

manner as t o  breach the reactor 's  containment and to  disperse i t s  contents. 

This i s  a possible approach; i t  involves relatively low technology; i t  

emphasizes the grossly disruptive use of energy. 

The second case would be information intensive; l i t t l e  energy need be 

involved. A person or persons who are aware of the specifics of the reactor 

system are  able t o  disrupt tha t  system to  a comparable catastrophic end by a 

much more refined, information intensive intervention. 

poss ib i l i t i es  connects these two possibi l i t ies .  

A continuum of 

Bear i n  mind when evaluating these arguments concerning deliberate 

disruption, tha t  the criminal tradit ions are  no longer properly t h o u g h t  o f  as  

residing exclusively i n  the domain of underworld and terrorist organizations. 

In our contemporary society, those evil  tradit ions have cast  their shadows 

across the highest echelons of national governments and industry, and have 

penetrated even into our own security forces and mili tary.  

rational or  irrational criminal deviance exis ts  both  inside and outside o f  

established inst i tut ions.  

The potential of 
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In conclusion, no one would argue t h a t  the nuclear fuel cycle does not 

contain the flows of substantial quantities of ultrahazardous materials. No 

one would argue t h a t  the nuclear fuel cycle is  intrinsically stable against 

the physical release of a significant fraction of these ultrahazardous materials. 

No one would argue t h a t  such a release would not  have a potential for great 

societal d is rupt ion  i n  an  extended vicinity. With this perspective the question 

can then be posed: 

such t h a t  i t  i s  likely t o  have appeal t o  rationally o r  irrationally motivated 

groups o f  limited size and of modest or substantial technological means? 

Neither I nor the Commission know the answer. Accepting the human conda'tion 

for what i t  i s ,  I can only suggest t h a t  the answer is yes. If so, then the 

inherent f ra i l ty  of highly ordered physical systems, the diversity of modes 

and techniques available for disruption, the relative ease of human penetration 

i n t o  the fuel cycle (the most significant population may be those who have the 

easiest access), a l l  argue t h a t  the probability of successful catastrophic 

sabotage i s  significant. 

Is the dimension and character of this social disruption 

5)  In the end the issue comes down t o  a clear focus. The integrity of 

this fuel cycle i s  sustained by the stabil i ty of society. 

not hope t o  guarantee t h a t  necessary stabil i ty w i t h o u t  considering active 

totalitarian intervention i n t o  society i tself .  

The Commission can 

The Commission has been unresponsive t o  the Comment. Without  some 

deeper scrutiny of the issues raised there and here, the Commission's discussion 

will be parochial. The arguments made now and upon which the LMFBR decision 

will be founded, must sustain themselves years hence when the implications o f  

t h a t  decision are realized. A t  t h a t  future date the Commission's tendered 

discussion of those issues will assume a place i n  history along side the 

blueprints for the Maginot Line. 
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6)  Agreed, b u t  the same arguments apply t o  these systems individually 

or i n  the aggregate. 
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Enclosure 1 

AEC S t a f f  Response t o  Comments by Dr. Donald P. Ceesaman 

1. Accidents  

Comment (pp. 1-51: 

1 1 Various c a u s e s  of r e a c t o r  a c c i d e n t s ,  such as human error or random 
f a i l u r e  of engineered componen E may Le pos t  l a t e d ,  b u t  t h e i r  inc idence  
or l i k e l i h o o d  of occurence can  b e  made small! However ' I . .  . t h e  prinlary 
causal agent  f o r  t e c h n o l o g i c a l  e v e n t s  In contemporary sr i e t y "  is 
d e l i b e r a t e  human a c t i o n .  
them to  happen,.. 
logical t a s k  compared t o  b u i l d i n g  one. 
d i s o r d e r i n g  order .  

P 
293 

"Reactor a c c i d e n t s  w i l l  happen when men want 
Sabotaging a r e a c t o r  is n e c e s s a r i l y  e minor tectmo- 

It I s  a low technology and i t  cannot  be  ignored."  
There is a technology of 

Response : 

By d e f l r d t i o n ,  t h e  s u c c e s s f u l  execut ion  of a des  r t ive act will produce 
E higher  degree  of d i s o r d e r  than e x i s t e d  e a r l i e r ? * ? t  does not fo l low 
t h a t  such execut ion  is neCe5SaKily a minor technologica l  t a s k  OR any 
c o a p a r a t i v r  or a b s o l u t e  basis. In t h e  c a s e  of sabotage ,  an assessment  
of t h e  d i f f i c u l t y  involved must i n c l u d e  e v a l u a t i o e  of i n h e r e n t  capabiXity 
to  resist attack and t h e  e f f e  t i v e n e s s  of any s e p a r a t e  p r o t e c t i v e  fehturtn 

4 3E  

6 v h i c h  may have been provided.  6 
l h e  AEC does not agree t h a t  sabotag ing  a r e a c t o r  o r  o t h e r  f u e l  c y c l e  
f s c i l i t y  wuuld be s pciaar task, now or i;. t h e  f u t u r e .  Specific infctna- 
ticn cupportia:r t h i s  pcsition is giver, ir. Section 7 . 4 . 5 . 2 . 1 ,  7 . 4 . 7 . 2  an5 
9'4.8 of t i l t?  Fil ial  Slatemehe' 
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Regarding Comment #2. Plutonium T o x i c i t y .  

The f o l l o w i n g  commentary i s  re ferenced t o  t h e  attached. 

1)  This  p o i n t  was s p e c i f i c a l l y  addressed i n  para. 2, p. 15 o f  t h e  Comment. 

2)  The mechanisms under l y ing  t h e  o r i g i n s  o f  cancer a r e  p o o r l y  known. 

The disease p r o f i l e  of animals i s  h i g h l y  species s p e c i f i c .  

e x t r a p o l a t i o n  o f  r e s u l t s  f rom fragmer?tary animal experience, w h i l e  s c i e n t i f i c a l l y  

i n t e r e s t i n g ,  i s  an u n c e r t a i n  bas i s  f o r  p u b l i c  h e a l t h  judgments. 

I n  t h i s  context ,  

3 )  The phrase " i n  e f f e c t "  should have been inc luded.  

4) The c o r o l l a r y  i s  equ iva len t  t o  the  Comment's c i t a t i o n  o f  t h e  number 

o f ,  a1 veol  i i nvol  ved . 

5) Previous r e c o g n i t i o n  i s  n o t  denied i n  t h e  Comment, n o r  i s  i t  a m a t t e r  

The Commission acknowledges t h a t  knowledge, o f  t h e  b i o l o g i c a l  o f  content ion.  

e f f e c t s  associated w i t h  t h e  exposures i n  question, i s  contained w i t h i n  an envelope 

o f  unce r ta in t y .  The i ssue  i s :  How does a p u b l i c  h e a l t h  p o l i c y  (and an associated 

d e s c r i p t i o n  o f  r i s k s )  p r o p e r l y  accommodate t h i s  envelope of u n c e r t a i n t y ?  The 

Comment argues f o r  a more conservat ive accommodation. 

6) The o r i g i n s  and i n t e n t  o f  t h i s  re ference t o  ' p h i l o s o p h i c a l  arguments' 

i s  unc lear .  

7 )  Th is  i s  an analogy o f  form more than o f  substance. I f  i t  confuses 

t h e  Commission, i t  can be w i t h d r a w  from t h e  Comment w i t h o u t  l oss .  

8) The Comment was d e s c r i p t i v e  and n o t  accusat ive.  

9 )  Other exper imental  r e s u l t s  i n v o l v i n g  o t h e r  t i ssues  show t h i s  

conc lus ion  t o  be i n c o r r e c t  f o r  c e r t a i n  ranges o f  t o t a l  energy. The Commission 
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i s  referred t o  the work of Albert. 

10) The Comment argues against this conclusion. 

11) T h i s  i s  a mistaken inference. 

12) This statement is incorrect,since they do n o t  f a l l  commensurately. 

See para. 2 ,  p. 10 on this point. 

13) The Commission is referred t o  the works of Albert, of Barendson, and 

of Withers. The issues raised here are obviously interesting and have not been 

ignored i n  the formation of the arguments set forth i n  the Comment. On these 

poin ts ,  the author i s  unaware of any experimental resul ts  t h a t  would quali tatively 

effect  those arguments. 

of that  knowledge would be appreciated. 

I f  the Comission i s  aware of such results, its sharing 

14)  The implication is  also t h a t  this omission does not a f fec t  the 

arguments as framed. 

15) The Commission i s  referred, i n  particular,  t o  the work of Albert and 

of Maldague. 

the region of t issue irradiated. 

In general, the comparison i s  made on the obvious basis, i.e., 

16) T h i s  i s  acknowledged expl ic i t ly  i n  para. 2,  p. 17 of the Comment. 

17) These resul ts  are hardly dispositive for  the issue, even i f  one 

accepts this interpretation of the experimental results.  

18) T h i s  should read "hypothesis" rather than "theory." 

19) Unhappi ly , i ncreased sophi s t i  cati  on i n postul ation of causes does 

more t o  extend the envelope of sc ien t i f ic  uncertainty, than i t  does t o  resolve 

the public health dilemma as posed. 
1 
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20) True, bu t  the re la t i onsh ip  o f  these processes t o  carcinogenesis, 

and t o  r a d i a t i o n  carcinogenesis i n  pa r t i cu la r ,  are unknown. 

enhance 'rather than suppress. 

They may, i n  fac t ,  

21) This may be true, o r  a l t e r n a t i v e l y  the contrary  may be true. E i ther  

i s  speculative, as i s  the  assumed image o f  "suppression o f  po ten t i a l  tumors by 

the body's defense system." 

22) But grave pub l i c  heal th  judgments depend upon a r e l i a b l e  answer, 

or i n  i t s  absence, then upon a conservative answer. 

23) The Commission i s  i n  e r r o r  here, and i s  re fe r red  t o  para. 2, p. 13 

o f  "Testimony Concerning The Acceptab i l i t y  o f  Ex is t ing  Pub l ic  Health Guidance 

f o r  Plutonium" attached t o  (46) a f te r .  

24) Experiments, such as A lber t ' s ,  make i t  obvious t h a t  there i s  no 

" inherent conservati  sm'' i n  the averaging procedure. 

2 5 )  The NCRP's i n a b i l i t y  t o  def ine "the a lgebra ic  s ign  o f  the e r r o r "  i s  

an open admission o f  uncer ta in ty ,  both as t o  the response i n  the  postu la ted 

s i t ua t i on ,  and as t o  the worth o f  the considered procedure f o r  evaluat ing t h a t  

response. 

26) The meaning o f  t h i s  statement i s  unclear. 

27) It i s  supported by the language o f  the c i t a t i o n s .  

28) This i s  ev ident ly  the Commission's opinion. 

29) This i s  an in ference o f  the Commission. 

30) The example appears t o  have been e x p l i c i t l y  chosen f o r  i t s  relevence 

t o  the point .  
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31) The Conmission i s  referred to  p. 15-16 of ,he Comnent. 

made there does imply that  these calculations may well be i n  error.  

responses the Conmission has acknowledged the validity of the argument. 

The argumen; 

In their 

32) The remarks i n  the Comment are  intended t o  caution the Commission 

against the implicit imposition o f  the concept o f  "threshold burden" through the 

figure i n  question. 

33) The Commission is referred t o  Appendix 24, AEC Authorizing Legislation - 
Fiscal Year 1971, Part 4,  or AEC Draft Environmental Impact Statement, Rocky F l a t s  

Plant Plutonium Recovery Facility. 

34) A1 bert  or Maldague's dose-response curves imply precisely this 

concl usi on. 

35) The experiments of Albert and of Barendson were chosen because the 

elegance and intell igence of the i r  conception led to  results of meaningful content 

from which reasonable hypothesis could be constructed. 

36) Acknowledged and cogent sc ien t i f ic  uncertainties should, however, 

bear direct ly  upon public health judgments. 

37) As t o  the f r a i l t y  of these conclusions, the Comission is  referred 

to  para. 2, p. 13 of "Testimony Concerning the Acceptability of E x i s t i n g  Public 

Health Guidance for  Plutonium," attached t o  (46) af ter .  

38) The Comnent argues t o  contrary and the Commission has not refuted 

the Val i d i  ty  of the argument. 

39) A substantial plutonium industry existed for  some 20 years prior t o  

the inception of the public controversy over plutonium standards. 

t h i s  period the possible economic significance of plutonium was well recognized, 

Throughout 
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as was plutonium's substant ia l ,  but  poor ly  defined, rad io log i ca l  t o x i c i t y .  The 

given context would imply t h a t  i t  was imperative during t h i s  per iod  t o  develop 

an extensive epidemeological program t o  determine the hazards o f  plutonium. 

Sinc'e this epidemeological program should have antedated the standards controversy 
by decades, t h i s  controversy could hard ly  have in te r fe red  w i th  t h a t  program's 

function. 

no uncer ta in t ies  could have ex is ted l a t e r  w i t h i n  which gross exaggerations of 

hazard or safe ty  could breed. 

Moreover, i f  the conclusions derived from t h a t  program were d i spos i t i ve ,  

40) It would be usefu l  f o r  the Commission t o  i nd i ca te  the  nature o f  

these lega l  impl icat ions.  

41) The Comment does not susta in  t h i s  remark. The issue i s  no t  awareness 

o f  t h i s  human data, bu t  ra the r  i t s  s ign i f icance.  

the  f i n a l  sentence o f  the c i t e d  reference. 

o f  these data w i l l  be the subject  o f  a fu tu re  repor t . "  

The Commission i s  re fe r red  t o  

"A more comprehensive i n t e r p r e t a t i o n  

42)  No, the  observations may p l a c e  l i m i t s  on the parameters associated 

w i t h  the hypothesis, i t  does not  con t rad ic t  it. On t h i s  po int ,  the Commission 

i s  re fe r red  concurrent ly  t o  McInroy,et. a1 ., "Studies o f  Plutonium i n  Human 

Tracheobronchial Lymph Nodes ,'I and t o  "NRDC Supplemental Submission t o  the  

Environmental Protect ion Agency Public Hearings on Plutonium and the  Transuranic 

Elements," February 24, 1975. 

43) Fundamental theor ies i n  combination w i t h  s c i e n t i f i c  observation 

de f ine  the  l i m i t s  o f  uncer ta in ty .  

44) The judgmental o r  ph i losophica l  p r i n c i p l e  proposed here requi res 

c l a r i f i c a t i o n .  



V.67-14 

2-6 

45) The concern i s  not t ha t  current decisions are being made b l ind ly ,  

but  instead wi th  a one-eyed vision, t rag i ca l l y  def ic ient  i n  perspective. 

46) The Commission has attempted t o  respond t o  t h i s  Comment. Unfortunately 

the 'Commission seems so generally confused by the Comment, t ha t  there i s  no 

responsible a l ternat ive except t o  resubmit the arguments posed there, but i n  the 

more expanded form i n  which they were presented i n  testimony a t  the Environmental 

Protection Agency's Public Hearing on Plutonium Standards, Denver, Colorado, 

January 10, 1975. (See attached.) The Comnission's a t tent ion i s  ca l led 

pa r t i cu la r l y  t o  that  testimony's Summary and Conclusion which provide the 

conceptualT framework for the arguments set f o r t h  there, and which w i l l ,  perhaps, 

al low a c learer discrimination between s c i e n t i f i c  and publ ic heal th issues i n  

the Commission's understanding of the arguments. 

c l a r i f i c a t i o n  w i l l  avoid the Commission's agonizing over what i t  sees as 

philosophical discussion. 

It i s  hoped tha t  t h i s  

Q 

n 
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2, Plutonium T o x i c i t y  

AEC In t roductory  Remark 

The comments provided on t h i s  s u b j e c t  were d i f f i c u l t  t o  review and 
respond to because they are p r i m a r i l y  a p h i l o s o p h i c a l  d i s c u s s i o n  based 
upon assumptions of  t h e  au thor .  
e f f e c t s  is a l r e a d y  d iscussed  i n  t h e  Environmental Statement ,  on ly  repre-  
s e n t a t i v e  comments w i l l  b e  addressed.  
"Comment #2, Es t imat ion  of  t h e  Heal th  E f f e c t s  o f  Plutonium and Other  Alpha- 
e m i t t i n g  Transuranics' '  - appears  to  b e  presented  i n  suppor t  of  the conclus ion  
on page 12 t h a t  "plutonium induced lung  cancer  is a l e g i t i m a t e  concern 
for humans." 
t h e  problem (AEC, NRDC, EPA, EIAP, and i n d i v i d u a l s  i n  t h e  employ o f  
and/or  a s s o c i a t e d  w i t h  t h e s e  o r g a n i z a t i o n s ) ,  i t  vould appear  unnecessary 
to d i s c u s s  t h e  v a r i o u s  p a t h s  by vhich  w e  a l l  a r r i v e  a t  t h e  same con- 
c lus ion .  

S ince  t h e  evidence p e r t a i n i n g  to  p a r t i c l e  

It is a l s o  noted t h a t  t h i s  material - 

Because t h i s  viev is shared  by everyone a s s o c i a t e d  w i t h  

Comment (p. 6 ) :  

"The estimate o f  lung cancer  inc idence  a s s o c i a t e d  v i t h  t h e  i n h a l a t i o n  
of  plutonium (or o t h e r  t r a n s u r a n i c s )  in p a r t i c u l a t e  form is a cr i t ical  
f a c t o r ,  a long  w i t h  source  terns and resuspension,  i n  d e f i n i n g  t h e  
probable  impact of  t h e  UlFBR's plutonium based fuel-cycle .  
ject  is discussed  i n  S e c t i o n  4.C.5 ' P a r t i c l e  Lung Dose E f f e c t s '  of  
UASll-1535. 

This sub- 

I quote  t h e  f i r s t  sen tence  from , t h a t  s e c t i o n :  

'The estimates of lung  cancer  inc idence  a s s o c i a t e d  w i t h  t h e  
i n h a l a t i o n  of  t r a n s u r a n i c s  used I n  t h i s  r e p o r t  are based upon 
a c a l c u l a t i o n  of  t h e  average r a d i a t i o n  dose d e l i v e r e d  to  t h e  
lung and a p p l i c a t i o n  of  tumor inc idence  estimates for t h e  
uniformly i r r a d i a t e d  lung as es t imated  i n  t h e  BEIR repor t . '  

This c i t e d  b a s i s  and hence t h e  der ived  estimates are indefensible . ' '  

Response : 

With r e s p e c t  t o  use of  t h e  average r a d i a t i o n  dose t o  t h e  lung,  ICRP Publi-  
c a t i o n  14 states t h a t  "...a mean t i s s u e  dose would probably i n t r o d u c e  
a f a c t o r  of s a f e t y . "  Even thouRh t h e  ICRP Task Croup i n d i c a t e s  i n  t h e  
sen tence  fol lowing t h e  above, t h e  need f o r  cont inued s tudy  of  t h e  

c o n t r a d i c t s  or retracts t h  above s ta tement  which is t h e  ICRP Task 
Croup's considered opinion7 It is true t h a t  r i s k  estimates from tlie 
B E I R  r e p o r t  are based pr imar i ly  on tlie r e s u l t s  from r e l a t i v e l y  uniform 

.prohlcm wl th  re ference  t o  plutonium p a r t i c l e s ,  t h i s  i n  no way 
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i r r a d i a t i o n s  of human lung. 
are a l s o  included vhich were c a l c u l a t e d  from t h e  r e s u l t s  of e x p e r i -  
mental animal exposures  t o  p a r t i c u l a t e  t ransuranium lements. Risk 

I n  the  F i n a l  Statement r i s k  estimates 

estimates obtained i n  thesc  two ways are comparable, h 
- 

Comment .(pp. 6-8) : 

"Sect ion 4.C.5 acknowledges t h a t  ' inso luble '  p a r t i c l e s  of  r a d i o i s o t o p e s ,  
when depos i ted  i n  t i s s u e ,  p rovide  f o c a l  s p o t s  of  h igh  r a d i a t i o n  dose 
rates c l o s e  to t h e  p a r t i c l e ,  so t h e r e  is no presumption t h a t  t h e  
exposure by p a r t i c u l a t e s  of plutonium is uniform, 
t l e s u e  of t h e  lung  is made up of lo8 a l v e o l i .  'Each avcolus  is a 
complexly organized u n i t  of t i s s u e .  I f  an i n s o l u b l e  a lpha-emi t t ing  
p a r t i c u l a t e  is depos i ted  in t h i s  t i s s u e  some 10 to  100 alveoli  w i l l  
b e  exposed. 
is t h a t  a t  most about  one-millionth of t h e  lung 's  a l v e o l i  are a f f e c t e d  
by a s i n g l e  p a r t i c u l a t e .  

'The s i g n i f i c a n c e  of t h e  preceding is t h a t  i n  the  actual lung  exposure 
by a n  alpha-emit t ing p a r t i c u l a t e ,  t h e  energy of t h e  i o n i z i n g  r a d i a t i o n  
is depos i ted  i n  a very  l i m i t e d  volume of t i s s u e ,  and hence t h a t  t h e  
a c t u a l  r a d i a t i o n  dose to  lung t i s s u e  s c a l e d  roughly a m i l l i o n  times 
l a r g e r  than t h e  dose a s s o c i a t e d  w i t h  a n  averaging  of  t h e  e q u i v a l e n t  
r a d i a t i o n  energy over  t h e  e n t i r e  lung. 

"A m u l t i p l i c a t i v e  d i f f e r e n c e  of a m i l l i o n  in a s i g n i f i c a n t  p h y s i c a l  
q u a n t i t y  genera l ly  s u g g e s t s  a q u a l i t a t i v e  d i f f e r e n c e .  Suppose, f o r  
example, t h a t  t h e  problem were to  e s t i m a t e  t h e  e f f e c t s  of  small 
p r o j e c t i l e s  on human organisms. Suppose t h a t  t h e  p r o j e c t i l e s  weigh 
1 /2  ounce and have a v e l o c i t y  of  1000 f t / s e c .  Note t h a t  t h e  e f f e c t  
of t h e  p r o j e c t i l e  depends on t h e  energy,  and n o t e  t h a t  a 6 ton  v e h i c l e  
movine a t  1 m i l e  per  hour has  similar energy. There is exper ience  
with humans s topping  slow moving v e h i c l e s  by e x e r t i n g  s t r e n u o u s  
councerforces .  Using t h i s  experience the  e f f e c t  of t h e  p r o j e c t i l e s  
or. humans is i n f e r r e d  t o  be o x i d a t i o n  of t h e  b i o l o g i c a l  f u e l  necessary  
t o  do the  work of s topping  t h e  v e h i c l e .  But t h i s  reasoning  is manifest  
nonsense. h e n  though t h e  e n e r g i e s  involved are similar, a f a s t  moving 

, r i f l e  b u l l e t  is q u i t e  d i f f e r e n t  from a t r u c k  weighing a m i l l i o n  times 
wore ahd moving a t  a one-thousandth t h e  v e l o c i t y .  Thc former d i s s l p a t c s  
i t c  energy i n  tile local  d i s r u p t i o n  of t i s s u e ,  t h e  l a t t e r  leads. t o  t h c  
ordercd atid non-injur ious oxida t ion  of h i o l o g i c a l  f u e l .  The end r e s u l t s  
become very d i f f e r e n t  as t h e  p h y s i c a l  c h a r a c t e r i s t i c s  of  the  s i t u a t i o n  
change, and a new b i o l o g i c a l  pticnomenon i n t e r c e d e s .  Obviously t h e  way 
tc estimate t h c  e f f e c t s  of r i f l e  b u l l e t s  is e i t h e r  from p a s t  exper ience  
t h a t  is e x p l i c i t l y  a p p l i c a b l e ,  or a l t e r n a t i v e l y ,  t o  c a l c u l a t e  tlie e f f e c t s  
coiieiderinp, t h e  phys ica l  C h a r a c t e r i s t i c s  o f  t h e  r i f l e  b u l l e t  and know- 
ledp,e of t h e  b i o l o g i c a l  and phys ica l  c h a r a c t e r i s t i c s  of the  human 
organism. 

The deep r e s p i r a t o r y  

A crude measure o f  t h e  nonuniformity of t h i s  exposure 
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"This nonsense example has much tlie same l o g i c a l  s t r u c t u r e  a s  t h e  
method of  e s t i m a t i n g  hot  p a r t i c l e s  e f f e c t s  se t  f o r t h  i n  Sec t ion  4 . G . 5  
of WASll-1535. There,  by in t roducing  a f i c t i t i o u s l y  l a r g e  mass of  
exposed t i s s u e ,  t h e  c a l c u l a t e d  dose becomes commensurately smal l .  
In pass ing  from t h e  r e a l  s i t u a t i o n  i n  which a h o t  p a r t i c l c  i r r a d i a t e s  
10 to  100 a l v e o l i ,  t o  the  f i c t i o n a l  s i t u a t i o n  i n  vhich t h e  i o n i z i n g  
r a d i a t i o n  from t h e  hot  p a r t i c l c  is averaged over  108 a l v e o l i ,  t h e  
dose scale has decreased by roughly a f a c t o r  of a mi l l ion ."  

Response : 

Regarding t h e  comment t h a t ,  "A m u l t i p l i c a t i v e  d i f f e r e n c e  of a m i l l i o n  i n  
a s i g n i f i c a n t  phys ica l  q u a n t i t y  g e n e r a l l y  sugges ts  a q u a l i t a t i v e  
d i f f e r e n c e , "  we  assum t h a t  t h e  words "in e f f e c t "  are implied a t  t h e  
end of t h i s  s tn tcment l j  Ilowever, t h e  obvious c o r o l l a r y  i s  not  s t a t e d  -- 
a d i f f e r e n c e  which d i v i d e s  t h e  number of cells involved by a f a c t o r  
of a m i l l i o n  i n  a b i o l o g i c a l  s y  tem a l s o  g e n e r a l l y  sugges ts  a q u a l i -  
t a t i v e  d i f f e r e n c e -  "in ef f e c t  .I' 41t is the  balance between tliese two 

Unf6r tuna te ly ,  ve know of no "knowledge of t h e  b i o l o g i c a l  and p h y s i c a l  
c h a r a c t e r i s t i c s  of t h e  hunun organism" vhich vould permit r e s o l u t i o n  
of t h i s  ques t ion ,  nor do we b e l i e v e  t h a t  i t  cart be resolved by 
p h i l o s o p h i c a l  arguments based on p r i o r  assumptions. 6 Indeed, one 
must depend on experimentat ion.  As t h e  Draf t  Statement i n d i c a t e s ,  
tlie r e s u l t e  of such cxperimentat ion are st i l l .  no t  complete, bu t  
pre l iminary  d a t a ,  p l u s  observa t ions  of the  experimenters  and o t h e r  
e x p e r t s  lead  t o  t h e  view t h a t  use of 2 homogeneous dose is a p p r o p r i a t e .  

3 

5 4 
5 which determines t h e  outcome, a s  h a s  been recognized f o r  y e a r s ,  

6 

7 

Tila purpose of t h e  analogy of a b u l l e t  and o t r u c k  i s  u n c l e a r ,  I n  t h e  
exafiple given ,  tlie p r o j e c t i l e s  d i f f e r e d  i n  momentun, shape and s i z e  
end, t h e r e f o r e .  t h e  type of i n t e r a c t i o n  and volume of t i s s u e  involved .  
'Ihuz, the  comparison between t h e  tvo  involves  consLderably more complex 
understanding than is impl icd ,  and t h e  l o t i c  o t h c  comparison has  no 
obvious r e l a t i o n  t o  t h e  hot  p a r t i c l e  s i t u a t i o n .  5 
The Draft Statement is accused of " in t roducine  B f i c t i t i o u s l y  l a r g e  
~ S E  of exposed t i s sue"  f o r  the  purposes of dose caLc l a t i o n  t h a t  
t h e  energy is uniformly ahsorbed througliout t h e  1unE;'it i s  not assumed 
t h a t  the b i o l o g i c a l  e f f e c t s  observed are due t o  uniform absorp t ion .  
Exper incnta l  resul ts  i n d i c a t e  t h a t  an exposure of the  e n t i r e  organ 
t o  t h e  same t o  a 1  energy from alpha r a d i a t i o n  would be tlic more 
damaging c3se.4 'Iherefyt , dose c a l c u l a t i o n s  made on t h a t  b a s i s  

8 

9 
10 vould LC conserva t ive .  
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Coment (pp. 8-91: 

"Living t i s s u e  shows extensive in t r a -ce l lu l a r  and i n t e r c e l l u l a r  
organization. 
expected as physical c h a r a c t e r i s t i c s  of exposure are varied. 
Carcinogenic response to whole organ exposure by non acute  doses 
of r ad ia t ion  will f a l l  in one of these  r e g i m e ,  and t h i s  w i l l  be a 
regime in which there  is human experience. 
c h a r a c t e r i s t i c s  of plutonium aerosols, from t h e  lung depos i t ion  
experience with aerosols ,  and from the  lung clearance experience 
wi th  plutonium pa r t i cu la t ee ,  i t  can be in fe r r ed  t h a t  a t  least one 
class of p a r t i c l e s  e x i s t  which subject lung t i s s u e  t o  an exposure 
assoc ia ted  with a d i f f e r e n t  carcinogenic response regime. 
is because o ther  b io logica l  phenomenon has intervened. 

"For hot p a r t i c l e  exposure t h a t  phenomenon is mito t i c  dea th  of cells, 
i.e., loss of the cell's a b i l i t y  to  divide. 
l i t e r a t u r e  on the subject.  
in f a c t ,  t he  basis f o r  t r e a t i n g  malignant t i s s u e  with ion iz ing  
rad ia t ion ,  and is the cause of most acu te  symptoms consequent to  
r ad ia t ion  exposure. Even though t h e  in t e rces s ion  of ex tens ive  
mi to t i c  death of cells must i nev i t ab ly  place certain p a r t i c u l a t e  
exposures in a d i f f e r e n t  response regime from whole lung, non-acute 
exposures, a compelling argument might be made tha t  t h e  carcinogenic 
response i n  the  fonner case is necessar i ly  less than t h e  carcinogenic 
response in the  latter. 
since mi to t i c  death of cells, as w e l l  as reducine the  general  v i a b i l i t y  
of t he  t i s sue ,  would also reduce the  number of i r r a d i a t e d  cclls wi th  
carcinogenic poten t ia l .  
conceptualization of all r ad ia t ion  carcinogenesis as a s ingle-ce l l ,  
d i r ec t - in j  ury process. 

"To confirm t h i s  argument, t h e r e  is a respec tab le  l i t e r a t u r e  in which 
carcinogenesis is described as occurring a f t e r  doses of r ad ia t ion  
t h a t  are s u f f i c i e n t l y  l o c a l  as t o  not be orp,anism l e t h a l ,  and t h a t  are 
s u f f i c i e n t l y  high f o r  t he  f r a c t i o n  of mi to t i ca l ly  competent cells to 
be g rea t ly  reduced, i.e., t o  1% or less. Unfortunately, in at  least 
some of these experiments, carcinogenesis is inverse ly  r c l s t e d  t o  the  
f r a c t i o n  of mi to t i ca l ly  competent cells, i.e., cancer induction in 
t h e  regime where mi to t i c  competence is grea te r  than 1% is small 
compared wi th  the cancer induction in t he  regime where mi to t i c  
competence is much less than 1%. 

Several regimes of b io loe ica l  response would be 

Prom the  phys ica l  

This 

There is an ex tens ive  
Radiologically induced mitotic death is, 

This argument vould appear t o  have merit  

Usually imp l i c i t  in t h i s  argument is a 
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'Therc arc s e v e r a l  p o i n t s  to be nudc here.  
and c a r c i n o z c n c r i s  arc two i n d i c c s  of r a d i a t i o n  e f f c c t  in tissuc. Tlicy 
cannot bc indcpcndcnt, and t h e i r  r c l a t i o n s l i i p  can t c l l  us nonething 
about  sone r a d i a t i o n  carc inogcncs is  .'I 

Loss of mitotic conpctcncc 

Responsc: 

The au thor  cons iders  on ly  t h e  r i s i n n  p r t  of  tlie dosc-rcsponse curve. 11 
A t  doscs obovc those  prodwin:: niixlnum tumor incitlcncc, both n i t o t i c  
cornpetancc and tunor  inc idcncc  f a l l  tozct!ier, and thc  o b j c c t i o n  bcconcs 
invnlId.12TIic statcnent t h a t  cancer induct ion  in tlie reZion where 
mitotic coltipetence i a  nucli 1cas  than 12 is not  docuncntcd o r  r c f c r r c d  
'to any s p e c i f i c  cxpcrir ients ,  nor is tlie n a t u r e  of tiicoc cxpcriracntn 
and important  v q r i a b l c s  such as f r a c t i o n  of t o t a l  orzan i r r n d i a t c d ,  
netliods of detcminiii:: n i t o t i  oripctcnce, o r  cvcn whctlier t h y  are 
i n  vivo oi in v i t r o  discusscJf7fTlic plirase '!...at lcast  snrie of tlicsc 
experinents . .  . ' I  i n y l i e s  t l int  o t l ic rs  G ~ V C  d i f  
n o t  diocusscd or  includcd in t h e  conclusion.  f8 t h c r c  i s  even a q u e s t i o n  
as to  what is neant  in t h i s  s t a t c m n t  by "...cancer induct ion. . .  is 
small coiapared with t h e  cancer  induct ion  i n  tlic re:ii.ie wlicre n i t o t i c  
conipetcncc is m c h  lens than 1L" 
conparison l o  rude:  
i r r a d i a t e d  ccll  basis, o r  a s u r v i v i n z  cc l l  baois!SCTransfcr of t h e  
g c n e r a l  conclusion on t h c  r e l a t i o n  bctwcen Jai.iaffc, as ncasurcd by 
u i to t ic  conpctence, and cancer  induct5on t o  t h e  ' locnl izcd  dose froin 
p a r t i c l e s  also r c q u i r c s  cons idera t ion  of  t h e  p o s s i b i l  of  an e f f c c t  
caused by t h c  size or volune of tile i r r a d i a t e d  tissuc?'The evidcncc 
from t h e  Albcr t  s t u d i c s  on t h c  atrophy of h a i r  f o l l i c l c s  and induct ion  
of  fo l l ic le  or scbnccous gland tuciorn in Spra:uc-Davley rats,  whi lc  
vcry  s p e c i a l i z e d  as t o  type of turmr. does i n d i c a t c  a dccrcasc  
c f f c c t i v e n c s s  as tlie s i z e  of tlic area i r r a d i a t e d  is dccrensed. 

It would appcar  t h a t  b c f o r c  t h e  nutlior's t l ieorJ8nn bc supportcd i t  
r c q u i r c s  coi is idcrably nore q u a n t i t a t i v c  cons idcra t ion .  
wliicli i n n c d i a t c l y  C O ~ C S  t o  d n i l  on r c v i c v  of t h i s  r.l;itcrinl is w!ietlicr 
t h e  nec1ianisi.i of  t i s s u c  d i s r u p t i o n  in a very l i i i i t c d  volucc ,  takin: 
i n t o  account the p o s s i b i l i t y  of a decrease  in e f f e c t i v c n e s s  of  caiiccr 
i n d u c t i o n  w i t h  dccrcas inz  volune, outweiClis i n  impnrtancc t h e  
p o s s i b i l i t y  of n t h c r  ncchanisns  not  involvinr .  t i s s u c  d i s r u p t i o n  if 
tlic dose is sprcad more u n i f o m l y .  Such mclianisixs, as l i s t c d  i n  tlic 
UEIR r c p o r t ,  inc lude  somatic  cc l l  n u t a t i o n s  o r  c1iro::osonal nbbcr rn t inns ,  
clinnscs r c s u l t i n n  f r o n  t h c  a c t i o n s  of v i r u s c s  (connection w i  tli r a d i a t i o n  
not  now c l c n r ) ,  o r  clianzcs i n  s y s t c i i i c  zrovtli f a c t o r s .  This  q u c s t i o n  
is, of coursc ,  a l n o s t  i d c n t i c a l  t o  t!iat pnscd in tlic !)raft S ta tc , icn t  
eonccrnin:; dose-d is t r l lmt ipg  , a1tIiou::ti vitli incren:;o:l sopliis t i c a t i o i i  i n  
t h c  postu1;ition of cnuscs. Since  tlic coiinents of t l ic?  au thor  oppcar t o  
lcad  t o  tlic sanc  ques t ion  w1iic;i YC Iiavc discussad in tlic , ) r a f t  S ta tc r icn t ,  
wc must coiicludc t h a t  thc! issuc rcimiiis as s tntct l .  

r c n t  r e s u l t s  i.iliich arc 

It is not  c l c a r  on wliat b a s i s  t l i in  
a t o t a l  nn imi l  basis, a s i n -  orznn b a s i s ,  or 

1 #" 

Thc ques t ion  

-- --------__-__- - 
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COmmCllt (pp. 10-11) : 

"It is obvious t h a t  as a l o c a l  cxposure becomes more i n t c n s c ,  a ntage 
must f i n a l l y  be reaclicd where t h c  carc inogenic  c f f i c i e n c v  of t h e  
exposurc (on a per  u n i t  energy b a s i s )  is reduccd. 
p e r t i n c n t  to previous arguments. 
t o  know t h e  c h a r a c t e r i s t i c s  of t h e  most c a r c i n o g c n e t i c l y  c f f i c l c n t  
exposures. 

"The fol lowing excerp t  takcn from t h c  REIR r e p o r t  (p. 9 5 )  sunrrar izcs  
t h c  state of  knowledge concerning t h e  causa t ion  of canccr  (cmphasls 
added) : 

T h i s  io n o t  
It would, however, be l a p o r t a n t  

'Altliourli t h c  ncchanisms o f c n r c i n o r c n e P i a ,  o r  of r a d i a t i o n  
CarcinoEenesis i n  p a r t i c u l a r .  ore not  f u l l \ *  h o l m ,  available 
i n f o r n a t i o n  i n p l i c s  cha t  most, I f  not  a l l ,  typcs  of cancer  
dcvelop as a resul t  of t h e  combined e f f c c t s  of m u l t l p l e  f a c t o r s .  
Thcse c a u s a t i v e  f a c t o r s  may includc:  prezpgotfc  ( in l ic r i tcd)  
mutat ions of cliromosoml al ,crrat toi is ,  whjch can s w c a d  durinp. 
dcvelopacnt t o  many k inds  of cclls; somatic ce l l  n u t a t i o n s  or 
chromosomal a b e r r a t i o n s ,  which can be acquj.rcd a t  any t i m e  a f t e r  
conception: changes r e s u l t i n g  from t h e  actj.nn of v t r u s e s ;  and 
changes i n  s y s t c n i c  growth f a c t o r s  (e.~., depressed immune 
competence, hormonal imbalance) and i n  l o c a l  t i s s u c  L e c u l a t i o n  
(d isorRaniza t ion ,  d a m n ~ e ) ,  such as nay r e s u l t  from d i s e a s e s  
o t h e r  than cancer  or from advancing age (1). 

'Although p o i n t  mutat ions,  chromosomal a b e r r a t i o n s ,  and o t h e r  
clianges a t  t h e  c e l l u l a r  and molecular  l e v e l  may r e q u i r c  o n l y  

'a 

smal l  doses ,  t i s s u e  d isorpnniznt ion  and-cross d i s t u r b a n c e s  i n  
physiology are u n l i k e l y  without  l a r g e r  doses (2). 

'Of t h c  many types  of changes d i ic l i  r a d i a t i o n  can CLUSC i n  c e l l s  
or t i s s u c s ,  none is considcrcd t o  be  unlouc f o r  radiation. 
i f  not  a l l ,  sucn changes can presumably result  from a v a r i e t y  of 

?lany, 

o tlicr a g e n t s  . 
"This summary view on carc inogenes is  is compntihlc wi th  t h c  i d c a s  lcadinf ,  
to  t h e  conclusion reached earlier. t h a t  f i c t i t i o u s  dose averny.inp. to  
l a r g e r  t i s s u e  masses need n o t  lie conscrva t ive .  
v a r i o u s  modes of carc inogenes is  is acknotzlcdp,cd, and i n  p a r t i c u l a r ,  
mention i s  made of a pathway mcdiatcd by t issue d i s r u p t i o n . "  

Thc p n s s i b i l i t v  of 
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Response : 

The BEIR conclus ions  recard ing  t h e  importance of t i s s u e  d i s o r g a n i z a t i o n ,  
f o r  from suppor t ing  t h e  hypothesis  t h a t  dose averaging t o  l a r g e r  t issue 
masses need not  be conserva t ive ,  may be s t r o n g  evidence a g a i n s t  i t .  
T i s s u e  is very  r e s i s t a n t  t o  d is turbance  by small volumes of damage, 
however i n t e n s e .  The h e a l i n g ,  r e c o n s t r u c t i o n ,  r e p a i r ,  and/or  regenera t ion  
meclianisms are st e f f e c t i v e  when normal, unaffected t i s s u e  sur rounds  
a small f o c u s . 2 R u s  , t h e  l o c a l i z a t i o n  of damage near  a hot  p a r t i c l e  
may be  t h e  most favorable  s i t u a t i o n  t h e  suppress ion  of p o t e n t i a l  
t u m r s  by t h e  body's defznse s y s t e m s V T h e  l a r g e  surface-to-volume 
ra t io  of  such f o c i  provides  maximum access  by humoral and c e l l u l a r  
suppress ,ors ,  by scavenging macrophages, and by o t h e r  c i r c u l a t i n g  and 
local  c o n t r o l  agents .  An important  ques t ion  h e r e  is t h e  s c a l e  o f  t h e  
local t i s s u e  s t r u c t u r e s ,  and a re1 l e  answer cannot be based on 
q u a l i t a t i v e ,  genera l ized  argurnents$yPublished results by L i t t l e  and 
co-vorkers i n d i c a t e  that  Geesaman's conclusions are wrong. Little's 
r e s u l t s  are supported by anfmal s t u d i e s  a t  t h e  U S L  which appear  in 
t h e  LASL documents and which were repor ted  a t  t h e  S e a t t l e  Conference 
on Respi ra tory  Carcinogenesis  in June 1974. These experiments demon- 
strate t h e  e x t r a o r d i n a r y  r a d i o r e s i s t a n c e  of t h e  hamster lung  when 
exposed to h o t  p a r t i c l e s  as compared v i t h  d i f f u s e  i r r a d i a t i o n  of  t h e  

20 

21 

22 

23 lung.23 

Comment (p .  1 1 ) :  

"Disease p r o f i l e s  are h ighly  s p e c i e s  s p e c i f i c .  
Gross characteristics are obviously h i g h l y  species spec i f i c  also. A rat 
and a mouse are d i s t i n c t  and y e t  i n c r e d i b l y  s i m i l a r .  The gross  t i s s u e  
d i f f e r e n c e s  o r e  a r t i c u l a t e d  out  through s u b t l y  d i f f e r e n t  in format iona l  
resonances amongst c e l l  popula t ions ,  tile c o l l e c t i v e  behavior  be ing  
phased u l t i m a t e l y ,  though perhaps remotely, by the  g e n e t i c  c o n t r o l s  of 
t h e  cells. Kot t o  belabor  t h i s  po in t  unnecessar i ly ,  - cancer  p r o f i l e s  
are s p e c i e s  s p e c i f i c ;  g ross  c h a r a c t e r i s t i c s  and ,  of course ,  g e n e t i c  
material are a l s o  s p e c i e s  s p e c i f i c .  C o l l e c t i v e  dctuninp, of t i s s u e ,  
by t i s s u e  d i s r u p t i o n  seem as acceptab le  an o r i g i n  f o r  t h e  t i s s u e  
i n s t a b i l i t i e s  of cancer  as does an i s o l a t e d  s inp, le  ce l l  e v e n t ,  

"Return now t o  the  problem of r i s k  e s t i m a t e s  a s s o c i a t e d  wi th  r a d i o a c t i v e  
p a r t i c u l a t e s  i n  human lungs.  ?lost of what has been s a i d  e a r l i c r  in t h i s  
conunent tins been Rencral, and has been aimed a t  sliovinq t h a t  there was 
no i n h e r e n t  conservat ism i n  t h e  method of e s t i m a t i n g  cancer  risks set 
f o r t h  i n  the f i r s t  scntencc of 4 . C . 5 ,  and t h a t  moreover t h e  method 
could be f a r  from conserva t ive .  
to  lymphat ic  t i s s u e  or t o  bronchia l  tissue." 

Cancer is no except ion .  

The conclusion could as w e l l  be appl ied  
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Response : 

Appendix II.C.6 and the  re ferences  s t a t e d  t h e r e i n  show t h a t  t h e s e  
arguments are i n  disagreement wi th  expcrimental  r e s u l t s  and f a i l  
to  show " tha t  t h e r e  was no i n h e r e n t  conservatism.. ." i n  t h e  averaging  

24 procedure as claimed?4 

- Comment (pp. 12-15): 

I'TIlc fo l lowing  is a review of the  o f f i c i a l  guidance f o r  e s t i m a t i n g  t h e  
carc inogenic  e f f e c t s  from exposure to  r a d i o a c t i v e  p a r t i c u l a t e s .  

'(210) 
o f  t h e  organ as t h e  s i g n i f i c a n t  volume f o r  i r r a d i a t i o n  o f  
t h e  gonads. 
s i n n i f i c a n t  volume or a r e a  is v i r t u a l l y  meaningless. For 

I The XCRP nas arbi trar i lp  used 102 of the volume 

"here are some cases i n  which choice  of a 
_ _  
example, i f  a s l n g l e  p a r t i c l e  of r a d i o a c t i v c  m a t e r i a l  f i x e d  
i n  e i t h e r  lung o r  lymph node may be  carc inozcnic ,  t h e  averaging  
of dose e i t h c r  over  the  luny,, or one cubic  c c n t i n c t c r  may have 
l i t t l e  t o  do with t h e  case.  
areas must be looked on as one of  t h e  round o f f  devices  which 

Use of s i g n i f i c a n t  volumes o r  

mater ia l  f i x e d  - i n  c i t l i e r l u n g  o r  lymph node may be  carc lnozcnic ,  . .  
of dos n t i n c t c r  may have 

t h e  averaging  

n t  volumes o r  
nd o f f  devices  which 

~ 

i n  s p e c i a l  cases must g ive  way to  d e t a i l e d  s tudy. '  

NCRP Report #39 
Basic Radiat ion P r o t e c t i o n  C r i t e r i a  
January 15, 1971 
(emphasis added)" 

"The recommendations of t h e  Xat ional  Council on Radiat ion P r o t e c t i o n  
and Measurement set f o r t h  i n  I ,  and t h e  recommendations of  t h e  I n t e r -  
n a t i o n a l  Commission on Radio logica l  P r o t e c t i o n  set  f o r t h  i n  111, are 
e x p l i c i t  i n  o f f e r i n g  no guidance." 

"XI is  a d i s c u s s i o n  of t h e  hot  p a r t i c l e  problem taken from t h e  r e p o r t  
of an ICRP Task Group. 
guidance. The d i s c u s s i o n  is u s e f u l  commentary, bu t  inconclusive.  The 
very c o n d i t i o n a l  s ta tement  made i n  tire f i r s t  and second sentence of 
I1 (41) is not  g e n e r a l l y  convincing. 
14 'and 9 f o l l o v . )  

"40. 

It is not  intended t o  g ive  d i s p o s i t i v e  o f f i c i a l  

(quotes  from ICRP Publ ica t ions  

The problems of high l o c a l  concent ra t ion  of dose are a t  t h e i r  
most s e v e r e  w i t h  r a d i o a c t i v e  p a r t i c u l a t e  material i n  t h e  t i s s u e ,  
e s p e c i a l l y  wi th  a-emitters. 
high va lues  even thouph thc  mean t i s s u e  dose may be  very low. 
C e r t a i n l y  i t  cannot Ire assumed t h a t  l i n c a r i t y  of  dose and e f f e c t  
w i l l  hold a t  thcse  high doses  and dose r a t e s .  
t h e r e  may be a g r e a t  d e a l  of ce l l  dea th ,  and p a r t i c u l a r l y  with 
a-emission. with i t s  s h o r t  and well-defined range,  t h e  number 

Here t h e  l o c a l  dose can  reach very 

(hr t h e  o t h e r  hand, 
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of a f f e c t e d  but  viable c e l l s  may be small compared with the 
number of  k i l l e d  ccl ls .  Ilovever, t h i s  r a t i o  w i l l  dcpend on 
t h e  size and a c t i v i t y  of t h c  p a r t i c l e s ,  tlic e x t e n t  t o  which 
they  aggrega te ,  and t h c i r  movement within t h e  t issue,  and tlie 
m v e n c n t  of t h e  c e l l n  p e s t  them. 

On t h e  h a s i s  of g e n e r a l  c o n s i d e r a t i o n s  and of some experimental  
d a t a  and c l i n i c a l  exper ience  t h e  Task Croup wre of t h e  opln ion  
that, for l a t c  e f f e c t s ,  t h e  &me r a d i a t i o n  encry.v absorp t ion  
might w e l l  be less e f f e c t i v e  when d i s t r i b u t e d  as  a serics of 
"hot spots" than when uniformly dfs t r ibu tc t l .  
p a r t i c u l a t e  r a d i o a c t i v e  sources  wi th in  a t i s s u e ,  a mean t i s s u e  
dose  would probably in t roduce  a f a c t o r  of s a f e t v .  However, a 
severe p r a c t i c a l  problem has  now been recognized in connect ion 
w i t h  t h e  in l ia la t ion  of plu toniun  p a r t i c u l a t e s .  and is now being 
considered i n  d e t a i l  by a Task Group of Committee 1 o f  ICRP... 

I n  the. casc of' non-IiomoReneous d i s t r i b u t i o n  of absorbed d o s e  
i n  t h e  luny., an es t isatc  of t h e  DORC Eqi~iva lcn t  t o  t h c  whole lune ,  
determined merely by t!ic product of Qr and t h e  mean n b s o r l d  dose ,  
may be greatly i n  e r r o r ,  but our  f u l l  undcrs tandhr .  of t h i s  nroblcm 
must await f u r t h e r  cxncrirr.enta1 cvidcncc. In t h e  mcnntinc t!icra i s  
no clear cvidencc t o  shov wlictlicr, vi t l i  L g i v m  clcnn ahsorlwd done , 
-- t h e  hiol.oy.icn1 r i s k  assoc ia ted  v i t l i  a rion-Iiono~encous di: ; tr i! ,ut?on 
is greater or  less than t h e  risk r c s u l t i n c r o m  a more d i f f u s e  
d i s t r i b u t i o n  of t h a t  dose in tlie lunr.: \!lien i r r a d i a t i o n  resul ts  
from tlic i n h a l a t i o n  of  thoron or radon and dnuciitcr products ,  t!ie 
r e l e v a n t  Dose Equivalent is t h a t  in t h e  tronc!iial mucosa %J? l iC l l  is 
t h e  t i s s u e  considered t o  be most heavi ly  i r r a d i a t e d .  Ilerr. t h e  use 
of t h e  whole lung would be an inadequate  s u b s t i t u t e  €or  t h a t  of 
t h e  i r r a d i a t e d  t i s s u e .  

Within tlic ranp.e of t h c  !laximum Permiss ib le  Doscs (sec parap,rnpli 
37) s p e c i f i e d  f o r  occupat iona l  exposrirc, vlicn it is assuncd t h a t  
t h e r e  is no thrcsl iold and t h a t  e f f e c t s  a r e  l i n c a r l v  r e l a t e d  t o  
dose,  i t  is j u s t i f i a b l e  to  cons ider  t h e  avcra.w 'dose t o  t l l c  whole 
organ or t i s s u e ,  a l thouph it is rccoEnized t h a t  viicn morc information 
is a v a i l n l l c ,  i t  w i l l  be more appronr ia tc  t o  use t h e  mean dose fo r  
cells of any givcn tvpe. as is a l ready  done when tlie broncl i ia l  
mucosa is i r r a d i o t c d  by daughtcr  products  of radon and tlioron. 

Thus, with 
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The usc of tlie mean dose Iias p r a c t i c a l  advantily,cs i n  t h a t  t h e  
s i g n i f i c a n t  volumc can be tnhcn as t h a t  of t h e  ory.nn or t i s s u c  
undcr cons idera t ion .  In  f a c t ,  t h i s  p r i n c i p l e  tins n c c e s s a r i l v  
bccn used a l r e a d y  i n  c a l c u l a t i n ?  miixinun permissi l i lc  htirdcns 
of rad ionucl ides  in t i s s u c s .  I lowvcr ,  wi th  e x t r c n c  inhomrwerrcitv 
of  dose ( f a r  exannlc ,  v i t h  n a r t t c u l a t c  radfonct ivc  mntcrfnl  of 
h i E l i  spec i f  i c  a c t i v i t y )  such a proccdurc mav he innnpronr ia tc .  
This  is a mat ter  upon which f u r t h e r  work is necdcd." 

" W i t h  r e p r d  t o  tlic previous lv  c i t c d  method of r i s k  es t imat ion  descr?hcd 
i n  tlic f i r s t  sen tence  of 4 .G.5 ,  t h a t  s e c t i o n  cont inucs  v i t h  t h e  f o l l o v i n p  
suppor t ive  re fcrences :  

'This approach has been used by t h e  Environmental P r o t e c t i o n  
AEency i n  r e c e n t  rcports on tlie p o t e n t i a l  h e a l t h  consenucnces 
of t h e  n u c l e a r  f u c l  cycle.2-5 
comparal)le t o  tliosc of Gavankar6. fol lo\r inc Tliomnson et a 1  7 
based on l i n e a r  non-threshold e x t r a p o l a t i o n  of observa t ions  
on beagle  dogs adminis tered 239Pu02 a e r o s o l s .  ' 

Tlic apnroach l e a d s  t o  estimates 

"As t o  the  f i r s t ,  consensus i n  error mav provide aniiablc agreancnt  
amongst f e d e r a l  agcncics ,  but secms hard ly  a d c s i r a b l c  b a s i s  f o r  
d e c i s i o n s  iizvolviiig tlx p u b l i c  h e a l t h  and s a f e t y .  The o k r r v a t i o n s  
on bcagle  dogs are d iscusscd  f u r t h e r  on 4.C-117 and descrvc  s e p a r a t e  
c o n s i d e r a t  ion,  I' 

lksponsc : 

The IXN'  r e p o r t  quoted docs not  i d c n t i f y  t h e  a l g e b r a i c  s1p1 of t h e  
e r r o r  r e s u l t i n p  from an i r r c l e v n n t  voluae assuinption t r a t h c r  savs 
t h a t  averaging " m y  have l i t t l e  t o  do with t h e  casc."%f coopera t ive  
phcnoncna anoiiy, cc l l s  or tlic s a t u r a t i o n  of dcfcmsc mcchanisns a r c  
important ,  avcraginy. over too  s n n l l  a volumc may IJC j u s t  as n i s l c a d i n p  
and i r r e l e v a n t  os t h e  converse. Xost importnnt lv .  t h e  IXW concludcs 
"spec ia l  cases must g ive  w ~ y  to  d c t a i l c t l  study. " Thc as t ronomica l  
doscs  favored hy t h e  au thor  t e l l  u s  l i t t l e  or nnthin:! about a c t u a l  
tumor p r o b a b i l i t y  bccausc he ass e s  a r b i t r a r v  rcsirlts unsunnortcd 

25 

26 by even lrynotlictical mcchnnisns. Y?i 
Tlic s t n t c n c n t  tliat tlie rccommcndatfons of the  YCRP and tlir X ? P  ' I .  .. 
arc e x p l i c i t  in o f f c r i n r  no yuidancc ..." is an opinI.on o f  tlir aritImr27 
Tl!c paqt record of tliesc Zroups is onc of conscrvntism toimrd prahlcnip 
for which tlic cvftlencc Is not  c l e a r .  2&hcfr puhlf.?!icd tlocuincnts int l fcntc  

27 

28 
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t h a t  they have been aware of t h i s  p o t e n t i a l  problerr. and i ts  magnitude. 
The f a c t  t h a t  they have chosen not t o  r e v i s e  methods of a r r i v i n g  a t  
l i m i t s  is clear and i m p l i c i t  guidance as t o  t h e i r  b c l i e f s ? q  We n o t e  
i n  the  quoted passage from the  NCRP t h e  f a c t  t h a t  i t  is a n  example 
t o  be  used i n  i n t e r p r e t i n g  another  p o i n t ,  and the c o n d i t i o n a l  n a t u r e  
of  t h e  f i r s t  c l a u s e  makes i t  c l e a r  t h a t  only an example is intended.30 

A comment is made on a r e f e r e n c e  t o  similar c a l c u l a t i o n s  made by a n  
independent source  wi th  s i m i l a r  r e s u l t s .  S ince  D evidence has  been 
presented  t h a t  these  c a l c u l a t i o n s  were i n  e r ror$ the  p o i n t  does n o t  
seem to be  meaningful. 

29 

30 

31 

Comment (pp. 15-16): 

“It requires pathological optimism to f i n d  reassurance  in t h e  r e s u l t s  
of  the  now completed llanford beagle  experiment. 
i n i t i a l  a e r o s o l  burdens of approximately 1-10 microcur ies  of P U ~ ~ ~ O ~ .  
By n i n e  y e a r s  post-exposure t h e  lung cancer  response w a s  v i r t u a l l y  
s a t u r a t e d  and n i u l t i c e n t r i c  o r i g i n s  were noted in some dogs. Those 
r e c e i v i n g  l a r g e r  lung burdens g r e a t e r  than 10 microcur ies  d ied  of  
puluoiiary i n s u f f i c i e n c y  w i t h i n  4-1/2 years .  I lenty-one dop,s surv ived  
f o r  more than 4-1/2 y e a r s ,  and only one of t h e s e  d i d  not  e x h i b i t  lung  
cancer  a t  death.  A r e l a t i o n s h i p  observed between i n i t i a l  lung burden 
and t i m e  to  death wi th  cancer  has  been o f t e n  used t o  i n f e r  a threshold  
burden below which no l i f e  shor ten ing  of dogs would be expected.  This 
is shown i n  F igure  4.G.10 on 4-6 118. Note t h a t  t h e  f i b r o t i c  d e a t h s  
t h e r e  have no bear ing  on cancer  incidence and i n c l u s i o n  of those p o i n t s  
in tlic c o n s t r u c t i n g  e x t r a p o l a t e d  curves  is a s e n s e l e s s  e x e r c i s e .  Note 
a l s o  t h a t  t h e  r e s u l t s  are exhib i ted  on a log-log graph which v i r t u a l l y  
obscures  a l l  d i f f e r e n t i a l  d e t a i l .  Most Important ,  recognize  t h e  
n a t u r e  of t h e  cxperiment, i.e.. t h e  lung burdens were l a r g e ,  t h e  
r e s u l t s  were s a t u r a t c d ,  and t h e  number of animals  v a s  small, The 
crude r e l a t i o n s h i p  observed between i n i t i a l  lung  burden and t i n e  t o  
death with lung cancer  does not  n e c e s s a r i l y  i n p l y  t h a t  a threshold  
burden e x i s t s  f o r  beagles ,  
exposures above t h e  i n f e r r e d  threshold  burden may be i n t e r p r e t e d  as 
a rcglon of s a t u r a t e d  carc inogenic  response,  t h a t  i s  a burden regime 
i n  which lung cancer  induct ion  in a bcae le  popula t ion  approachcs 100% 
dur ing  a n o r m 1  l i f e  span. The poin t  i s  t h a t  tlic observed t i m e  t o  
death  is more l i k e l y  r e l a t e d  to  t h e  burden, tlirouf:li a populat ion 
d e p l e t i o n  e f f e c t ,  r a t h e r  than through a burdeii depcndcnt l a t e n t  per iod .  
In the  former i n t e r p r e t a t i o n  a p p r c c l a b l e  cancer  vould be a n t i c i p a t e d  

Dogs were given 

Quite  to  t h e  c o n t r a r y ,  t h e  range  of 
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a t  lower burdens. 
of radioisotope-induced bone tumors, i n  mice, which suppor t  t h e  i n t e r -  
p r e t a t i o n  t h a t  ' l a t e n t  per iod  is cons tan t  and t h a t  t h e  apparent  
r e l a t i o n s l r i p  between i n c r e a s i n g  dose  and decreas ing  time t o  dea th  
wi th  tumor is due to  t h e  e f f e c t s  of dose-level  on s u r v i v a l  and on 
tumor expectancy.' 
et al . ,  i n  Radiation-Induced Cancer, IAEA, Vienna, 1969.)" 

This  is again  c o n s i s t e n t  w i t h  ex tens ive  observa t ions  

(See 'Toxic i ty  o f  Ra-226 i n  Mice," M. F i n k e l  

Response : 

The f i g u r e  i n  q u e s t i o n  is a s t r a i g h t f o r w a r d  p r e s e n t a t i o n  of  t h e  results 
of measurement of t h e  s u r v i v a l  t i m e  of beagles  as a func t ion  of  
pulmonary burden. While some may not  f i n d  t h e s e  d a t a  h e l p f u l  f o r  
t h e i r  p a r t i c u l a r  use ,  they are nonethe less  o b j e c t i v e  r e s u l t s  of  t h e  
experiment and have cons iderable  b e a r i n g  on t h e  total p i c t u r e  of  lung  
damage and on t h e  i n t e r p r e t a t i o n  o f  t h e  experiments. The criticism 
t h a t  t h e  "log-log graph.. .obscures a l l  d i f f e r e n t i a l  d e t a i l "  is con- 
t r a d i c t e d  by t h e  d a t a  p o i n t s  on t h e  graph i t s e l f .  (The F i n a l  Statement  
i n c l u d e s  F igure  If.G.5-1 i n  which t h e  tumor d a t a  p o i n t s  were f i t t e d  
s e p a r a t e l y  from t h e  pulmonary i n s u f f i c i e n c y  d a t a  poin ts . )  
r e v e a l s  t h a t  t h e  scatter of  t h e  d a t a  (as is common i n  b i o l o g i c a l  
experiments) is t h e  l i m i t i n g  f a c t o r  and t h a t  t h i s  scatter is generously 
d isp layed  on t h e  chosen scales. Likewise, t h e  au thor ' s  criticisms o f  
t h e  t e x t  € a i l  to  corrcapond with t h e  s t a t e m e n t s  a c t u a l l y  made on page 
C-117 of t h e  Draft Statement i n  t h e  d i s c u s s i o n  and i n t c r p r e t a t i o n  of 
t h i s  f i g u r e .  "Tlireshold burden" is d iscussed  by t h e  au thor ,  b u t  t h i s  
concept is not  mentioned i n  t h e  Draf t  S t a t e n e a t  d is in t roduced  by 

The graph 

32 persons whose opin ions  are not those  of t h e  AEC. 3h 

33 
We are not  aware t h a t  anyone h a s  und "reassurance" in t h e  r e s u l t s  
of t h e  llanford beagle  experiment . % h e  l i m i t a t i o n s  of  t h e  p o r t i o n s  of  
t h e  experiment which are complete. such as s a t u r a t i o n  of response,  have 
been reviewed many t i m e s  i n  t h e  l i t e r a t u r e  and are a l luded  t o  h e r e .  
This, of course,  is t h e  reason f o r  t h e  cont inued experiments  a t  lower 
doses. 
and dose are w e l l  taken and add one i n t e r p r e t a t i o n  t o  t h e  d a t a  presented  
i n  t h e  r e p o r t .  

The a u t h o r ' s  comments on t h e  r e l a t i o n s h i p  between l a t e n t  p e r i o d  

Comment (pp. 16-17): -- 
':The domain o f  th i s  comment is broadened liere i n  o r d e r  to summarize 
a s p e c i f i c  concern wi th  plutonium, and to  a lesser e x t e n t ,  o t h e r  
t ransuranics .  Under a number of circumstances p lu toniun  forms 

n 
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aerosols. The phys ica l  c h a r a c t e r  of these  a e r o s o l s  is such t h a t  on 
i n h a l a t i o n  by humans they are p r e f e r e n t i a l l y  depos i ted  i n  r e s p i r a t o r y  
t i s s u e .  Because of  slow c learance  and because of t h e i r  i n s o l u b l e  
c h a r a c t e r ,  p a r t i c l e s  may experience long res idence  t i m e s  i n  t i s s u e .  
An a p p r e c i a b l e  mass f r a c t i o n  of t h e  a e r o s o l  is usua l ly  a s s o c i a t e d  with 
p a r t i c l e s  s u f f i c i e n t l y  l a r g e  t h a t  snall but p h y s i o l o g i c a l l y  s i g n i f i c a n t  
volumes of t i s s u e  w i l l  be  exposed t o  i n t e n s e  ( i . e . ,  organism l e t h a l  
o r  g r e a t e r )  r a d i a t i o n  doses  w i t h i n  a meaningful phys io logica l  t i m e .  
S t u d i e s  of t h e  e f f e c t s  of i n t e n s e  l o c a l  r a d i a t i o n  to  s k i n  and kidney 
t i s s u e  i n d i c a t e  t h a t  d e s p i t e  t h e  near  mitotic s t e r i l i z a t i o n  of t h e  
involved t i s s u e ,  an enhanced carc inogenic  response may occur ,  i n  t h e  
sense t h a t  energy d i s s i p a t e d  i n  a l i m i t e d  volume may be f a r  more 
carc inogenic  than i f  t h e  same type of r a d i a t i o n  were t o  d i s s i p a t e  
its energy over  a much l a r g e r  t i s s u e  mass. The ques t ion  is then: 
do p a r t i c u l a t e s  of  plutonium lead  to exposures t h a t  have enhanced 
carc inogenic  p o t e n t i a l ?  I f  they do, then p r e s e n t  s t a n d a r d s  can be 
i n  error by o r d e r s  of magnitude. 

"Notice t h a t  t h e  emphasis h e r e  is on t h e  anomalous hazard a s s o c i a t e d  
with a s i n g l e  p a r t i c l e ;  and t h a t  I f  any th reshold  is r e l e v a n t ,  It is 
not a dose threshold  s i n c e  l o c a l  exposures are l a r g e ,  b u t  r a t h e r  a 
p o s s i b l e  volumetr ic  th reshold  t h a t  m u s t  be exceeded by t h e  p h y s i c a l  
e x t e n t  of t h e  exposure. Plutonium, as an i n s o l u b l e  aerosol-forming, 
long-lived alpha-emit ter .  c o n s t i t u t k s  a very s p e c i a l  case  of t h e  
low exposure problem. 

"In conclusion,  i t  is i n d e f e n s i b l e  to  base  es t imates  of cancer  r i s k  
on t h e  method of dose averaging over  f i c t i t i o u s l y  l a r g e  volumes. 
S imi la r ly .  estimates based on nonconservat ive i n t e r p r e t a t i o n s  of t h e  
Hanford beagle  r e s u l t s  are h ighly  suspect ."  

Response : 

We know of no information which leads t o  t h e  conclusion t h a t  "...energy 
d i s s i p a t e d  i n  a l i m i t e d  volume m y  be f a r  more Carcinogenic than i f  the  
same type of r a d i a t i o n  were t o  d i s s i p a t e  i t s  energy over  a much l a r g e r  
t i s s u e  milss."341n f a c t ,  t h e  evidence c i t e d  in the  Draf t  Statement 
l e a d s  t o  the  conclusion t h a t  p a r t i a l  i r r a d i a t i o n  of an organ seems 
t o  have a lesser e f f e c t .  This ,  of course,  is t h c  h e a r t  of t h e  

a t i o n  r e f e r s  t o  t h e  exposure of l a r g e  volumcs i n  comparison t o  t h o s e  
of concern i n  t h e  p a r t i c l e  problcn.  For exnnplc, A l b e r t ' s  work w i t h  

34 

35 ques t ion .  In tlte experiments used by t h e  autlior35"localized" i r radi-  
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2 e l e c t r o n s ! a n d  b e t a  p a r t i c l e s  involved 5 to  24 c m  
i r r a d i a t i o n s  of Haldawe involved an entire kidney,  and even t h e  
s k i n  t r a n s p l a n t  work of Harendsen involved some 6 cm2 of  s k i n  w i t h  
t h e  r e s u l t s  f u r t h e r  compounded by t h e  f a c t  t h a t  a t  time o f  i r r a d i a t i o n  
t h e  f u l l  s k i n  volume ( inc luding  subcutaneous t i s s u e )  wan involved w i t h  
tumor formntion t h e r e ,  i n  u n i r r a d i a t e d  b u t  f o r e i g n  surroundings.  
Experimental evidence on t h e  e f f e c t  of  changing t h e  " loca l ized"  volume 
or mass of  t i s s u e  t o  permit  e x t r n p o l a t i o n  of  t h e  e f f e c t s  i n  t h e s e  gram 
volumes t o  lower volumes (or l a r g e r  volumes) is meager a l though,  as we 
have noted e a r l i e r ,  the s t u d i e s  of  Alber t  have i n d i c a t e d  a p o s s i b l e  
decrensing e f f e c t i v e n e s s  w i t h  decreas ing  volumes involved f o r  one 
s i t u a t i o n .  
w e l l  enovgli developed t o  g ive  any guidance on t h i s  q u e s t i o n  of e x t r a -  
po la t ion .  even f o r  presumably d 

nuking the  c x t r a p o l a t i o n  from gram q u a n t i t i e s  involved i n  " local"  
i r r a d i a t i o n s  t o  t h e  microgram or t e n s  of micrograms of  t i s s u e  i n  
t h e  case of p a r t i r l e s .  Without such a b a s i s  f o r  e x t r a p o l a t i o n ,  
i t  is impossible  to  p r c d i c t  from t h e s e  i r r a d i a t i o n s  of comparat ively 
gross volumes tlie p o s s i b l e  e f f e c t s  of  i r r a d i a t i o n  of t h e  smaller 
volumes. 

of  s k i n .  The kidney 

Theories  on tlie mechanisms of carc inogenes is  are n o t  

ined c a u s a t i v e  f a c t o r s  such  as 
36 " t i s s u e  damage and d is rupt ion ."  %ll e r e f o r e ,  we f i n d  no basis for 

We do have some evidence,  however, 6n t h e  e f f e c t s  a t  volumes 
approachinl: those of i n t e r e s t  i n  t h e  p a r t i c l e  ques t ion .  
based on t h e  r e su l t s  quoted i n  the Draf t  Statement from t h e  work of 
Crossmnn and L i t t l e ,  Sanders ,  and Richnond us ing  a lpha  emitters and 
t h a t  of Cember using b e t a  emitters. 
been t h a t  t h e  f o c a l  d i s t r i b u t i o n  of energy was no worse than t h e  
measured or presumed homogeneous d i s t r i b u t i o n 2 7  F i n a l l y ,  t h e r e  are 
no d a t a  from animal experiments or from human occupat iona l  exposure 
cases  t h a t  n d i c a t e  an "enhanced carc inogenic  p o t e n t i a l "  f o r  plutonium 

emit ted from inha led  p a r t i c l e s ,  b u t  t h e  d i f f e r e n c e  is c o n s i s t e n t  with 
d a t a  obtained on t h e  r e l a t i v e  b i o l o g i c a l  e f f e c t i v e n e s s  o f  t h c s e  
r a d i a t i o n s .  

This  is 

I n  each case, t h e  conclus ion  has  

37 

38 p a r t i c l e s .  3b Alpha r a d i a t i o n  is more e f f e c t i v e  than beta-gamma r a d i a t i o n  

Comment (p .  18): 

*'A plutonium i n d u s t r y  has  e x i s t e d  for more than 2 decades.  By t h i s  
time tliere must  be a s i g n i f i c a n t  h i s t o r y  of  humn exposure. 
tlic rccognizcd t o x i c i t y  of plutonium, and its obvious p o t e n t i a l  f o r  
much cxpandcd commercial u s e ,  the  exposed popula t ion  muse have been 

Consider ing 
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c l o s e l y  fo l lovcd .  A plutonium ren i s t ry  e x i s t s .  An acceptab le  way 
t o  makc e s t i m a t e s  of cancer  incidence is t o  a r p x  c o m n e l l i n ~ l y  and 
c o n s c r v a t i v c l y  from humnn expcriencc.  
l i t t l c  information on t h e  h i s t o r y  of humans a f t e r  exnosurc t o  p lu toniun .  
It is an i n s u f f i c i e n t  base f o r  u s e f u l  argument. It  is hard t o  conceive 
t h a t  in format ion  of t h i s  importance would n o t  be a v a i l a h l e .  I f  i t  is 
n o t ,  tlicn onc is l e f t  wi th  an o b l i c a t i o n  t o  publ ic  h e a l t h  t r a d i t i o n s ,  
and wi th  mure conscrva t ive  and d e f e n s i b l e  methods of c v a l u n t i n g  t h e  
cancer  r i s k s  of alpha-emit t ing p a r t i c u l a t e s .  
"Pctitioti t o  b e n d  !:adiation P r o t e c t i o n  Standards a s  They Apply t o  
Hot P a r t i c l e s , "  i n  t h e  Xatter of RI\DIATIW PRCTECTInS STA\I'DAYDS - 
AS TIICY APPLY TO t!OT PARTICLES hrought before  t h e  Environmental 
P r o t e c t i o n  Agency and t h e  Atomic Energy Commission by tlic I h t u r a l  
Resources Defense Counci l ,  Lnc., on February 14 ,  1974.)" 

The open l i t e r a t u r e  c o n t a i n s  

(See f o r  example, 

Rcsponsc : 

We concur with t h e  comments on t h e  importance of  human informat ion  
and havc i n i t i a t e d  s t u d i e s  i n  t h i s  area, inc ludinc  t h e  e s t a b l i s h n c n t  
of thc U.S. Transurnniun Regis t ry .  Unfor tuna te ly ,  such i n f o r m t i o n  
does not  come e a s i l y  o r  r a p i d l y  when dea l ing  w i t h  humans, as t h e y  a r c  
not  c o n t r o l l a b l e  i n  tlie sense t h a t  an animal populat ion i n  tlic l abora tor !  
is c o n t r o l l a b l e .  

They a r e  subjec ted  t o  v a r i o u s  p r e s s u r e s  which can bc c o n t r a r y  t o  the  
g o a l s  of a s c i e n t i f i c  program. For example, t h e r e  a r e  sone who, undcr 
t h e  i n f l u e n c e  of a r t i c l c s  g r o s s l y  exacp,cratin$ t h e  p o t e n t i a l  hazards  of 
plutonium, r e f u s e  t o  cooperace e i t h e r  out o e luc tancc  t o  f a c e  t h c  
prospec ts  o u t  

pas t  as ,  f o r  exannle ,  i n  the  Los Alamos p.roup, t h c  exposurc a t  Rocky 
P l a t s .  and tlie Lushbaugh a r t i c l c  on the  sk in  l c s i o n ,  and t h i s  w i l l  
cont inue  as resu l t s  become a v a i l a b l e .  

Tlic Iiuman d a t a  about vliich Ceesannn claims t o  be unaware were, i n  
f a c t ,  d i scussed  i n  tlie Draf t  Environmcntal Inpact  Statcmcnt (nages 
4 .C. 106 aiid 4 .C. 107) and havc been published [ Ilcmclmnnn r t  a l . ,  
l lcal th  I'liys. 25. 461-479 (1975)] .41Thc d a t a  nre  l i m i t e d  both because 
s t r i c t  s a f e t y  s t a n d a r d s  have l i m i t e d ,  i n  both number and s c v c r i t y ,  
t h e  exposures  which linve occurred and because the  long d c l a y  t imes 
expected before  t h c  appearance of dnrnaze might occur has  rcqirircd 
decades of dc lay  i n  t h e  i n t c r p r e t a t i o i i .  Ilormvcr, s u f f i c i e n t  t i n c  has 

39 ed  for then i n  s u c h  a r t i c l e  3i r becaufie of l c E a l  
40 impl ica t ions .  w n v e s t i g a t o r s  havc published on t h c s e  s t u d i e s  i n  t h e  

41 
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now elapsed s i n c e  t h e  war-tine exposures to  draw t h e  conclus ions  
t h a t  tlic tumor inc idence  observcd is i n  c o  
t h e  p r e d i c t i o n s  of t h e  Geesaman I i y p o t h e s i s t b e e  page 26, r e f e r e n c e  
102). 

Ultimately, judgment between t h e  c o n f l i c t i n g  opin ions  must be based 
on t h e  e n t i r e  body of evidence,  i n t e r p r e t e d  on t h e  b a s i s  of  sound 
s c i e n t i f i c  judgment. 
l edge  of tho  processes  lead ing  to i n i t i a t i o n  and development of 
cancer  from r a d i a t i o n  or from any b i o l o g i c a l  s t r e s s i n g  age t, one  
should not  expcct  fundamental t h e o r i e s  to be  o f  much h e l p .  
p r i n c f p l c s ,  based on tlre sum of p a s t  exper ience ,  are l i k e l y  to  be 
b e t t e r  i n d i c a t o r s  of how to make t h e  e x t r a p o l a t i o n s  which are still  
unavoidahle$41’he most p r o f i t a b l e  procedure a t  t h i s  t i m e  would appear  
t o  be hcavy r c l i a n e e  upon human exper ience  and animal e x p e r i n e n t s ,  
e s p e c i a l l y  those which can b e  designed to  decide between a l t e r n a t i v e s  
and thus  set l i m i t s  on t h e  range of p o s s i b i l i t i c s  to  be explored.  
Erroneous p r c d i c t i o n s  by a model is t h e  classic s c i e n t i f i c  c r i t e r i o n  

b l ind ly .  
r a d i a t i o n  on l i v i n g  systems is reducing t h e  unce t a i n t y  of o u r  
conclus ions ,  which are c o n t i n u a l l y  under review. 66 

le te  c o n t r a d i c t i o n  to  
42 

Consider ing tlic p r i m i t i v e  state o f  our know- 

43 43 U e u r i s t i c  

44 

on of  t h i s  model. Current  d e c i s i o n s  are n o t  be ing  made 
e ever  growing body of information on t h e  e f f e c t s  o f  45 

46 
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ng Comment #3. Diversion and Safeguards of Fissionable Materials. 

The following commentary i s  referenced t o  the attached. 

1 )  The construction placed upon the Comment, "as a request t o  estimate 

the probability of occurrence,'' i s  mistaken. 

that  the cost-benefit analysis should properly include a sensi t ivi ty  study 

for  the perturbative economic effects of a disruptive plutonium diversion 

upon the conclusions of the analysis. 

the probability of occurrence. 

rea l i s t ica l ly  supposed. Ample basis certainly exis ts  for  that  suppos i t ion .  

Even a barren imagination can conceive of various disruptive events consequent 

t o  a plutonium diversion. For example, conjecture a .l-10 k t  device exploded 

i n  various urban areas. 

calculated, the economic loss can then be inferred. 

In fac t ,  the Comment suggested 

No presumption need be made concerning 

I t  is suff ic ient  that  the possibi l i ty  can be 

The approximate damage of such an explosion can be 

More generally, disallowing consideration of possible hypothetical 

events because of unquantifiable probability, i s  certainly no t  a tradit ional 

constraint on policy analysis. A large l i t e ra ture  exis ts  on the effects  of 

thermonuclear war, t h o u g h  no thermonuclear war has ever occurred. 

consti tutes a significant part  of the basis for  related policy decisions. 

importance of tha t  l i t e ra ture  i s  no t  muted by the f a c t  tha t  the probability 

of thermonuclear war i s  unquantifiable. 

This l i t e ra ture  

The 

No adequate reason has been presented as to  why such a sens i t iv i ty  study 

has no t  been included i n  the cost-benefit analysis. 

2 )  Again here, the Commission's interpretation that  the Comment "would 

require a method for  determining the rate of occurrence of nuclear calamities" 

is  erroneous. The suggestion was t h a t  the Commission specify a maximum 
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acceptable ra te  for  diversion related calami t i e s ,  and that  the Commission 

provide an expl ic i t  specification of the technological and pol i t ical  means 

considered necessary t o  assure that  this maximum acceptable ra te  o f  diversion 

was not exceeded. These policy judgments should be i n i t i a l l y  d i s j o i n t  from a 

determination of the rate  of occurrence o f  nuclear calamities. 

otherwise, would be t o  imply that  the observed ra te  of occurrence of nuclear 

calamity would determine the acceptable rate.  

transcendental nature, such a negative and responsive posture would be 

grotesquely irresponsible. 

To argue 

In a policy issue of this 

For this issue i t  i s  imperative that  the responsible agency s t a t e  i t s  

specific policy position on what are "acceptably low levels" o f  nuclear 

tutional means i t  

s.  The Commission 

calamities, and that  i t  s t a t e  what technological and inst 

considers adequate t o  guarantee these acceptably low leve 

aust not take refuge i n  amorphous generali t ies.  

The Commission s ta tes  that  "the assessment of risk is necessarily a 

matter of judgment." B u t  the assessment of risk i s  not the issue here. 

issue is  the risk that  the Commission considers acceptable, o r  equivalently 

"the rate  of occurrence of nuclear calamity" that  i t  considers as an 

"acceptably low level . I '  The Commission i s  the responsible agency; i t s  judgment 

on acceptable risks necessarily ref lects  i t s  judgment of acceptable social and 

physical effects  associated w i t h  these specific risks; this judgment i s  therefore 

required i n  the Environmental Statement, alona w i t h  a comprehensive description 

of those social and physical effects.  

defect o f  the Statement. 

The 

Omission would consti tute a manifest 

3 )  The Commission has been generally unresponsive t o  t h i s  Comment. See 

a1 so (5) from Regardi ng Comment 1. Accidents. before. 
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3: Divers ion  and Safeguards of F i s s i o n a b l e  ? l a t e r i a l s  

Comment (p. 19) : 

v81mmcnse e c o n o d c  loss and d i s r u p t i o n  are a probable  impact from any 
d i v e r s i o n  of f i s s f o i i a b l e  m a t e r i a l s .  The d i s c o n t i n u i t y  of t h e  e v e n t  
wlll n o t  make t h e  economic impact any less real. Florcover, t h e  
magnitude of such p o t e n t i a l  l o s s e s  w i l l  s c a l e  s i m i l a r l y  t o  t h e  
d iscounted  s a v i n g s  d e r i v e d  from t h e  c o n t i n u i n g  economics of  t h e  
cop t - b e n e f i t  c a l c u l a t i o n s ,  I’ 

- 

Response : 

lliis conment can be  i n e c r p r e t e d  as a r e q u e s t  t o  c s t i n a t e  t h e  p r o b a b i l i t y ’  
of  occur rence  and f i n a n c i a l  loss a s s o c i a t e d  czith a v a r i e t y  of  d e s t r u c t i v e  
acts  wliich could fOllOh’ t h e  d i v e r s i o n  of f i s s i o n a b l c  m a t e r i a l ,  and t o  
f a c t o  tlicsc d a t a  i n t o  t h e  t reatment  o f  cos t -benef i t  i n  t h e  F i n a l  S t a t c -  
m e n t . 7  Tiic hlX tias not  accedcd to  t h i s  reques t  because t h e r e  is no sound 
basis which would pcrmft t h e  development of such d a t a .  I n  t h i s  conncc t ion ,  
your a t t e n t i o n  is i n v i t e d  t o  t h e  AEC response t o  comments r e c e i v e d  from 
Dr. L. Douglas Dc :iikc, Zero Populat ion Growth, a copy of  which is incor-  
pora ted  i n t o  t h c  rim1 Statement .  

The F i n a l  Statcnicnt docs ,  Iiowcvcr, p r c s c n t  i n f o r m t i o n  on t h e  p h y s i c a l  
conscqucnces of i l l c g a l  nuc lear  explos ions  i n  Sec t ion  7.4.5.1.1, pnd on 
t h e  SOCiO-pOlitfCJl i m p l i c a t i o n s  i n  Scc t ion  5 . 4 . 2 .  

Commcnt (pp.  20-21) : -- 
“As t o  d i v e r s f o n  and safcj iuards  of f i s s i o n a b l c  m a t e r i a l ,  an analogy suggests 
i t s e l f  wi th  t h e  t reat incnt  of rad ionucl ide  r e l e a s c  i n  t h e  n u c l e a r  f u e l  c y c l e .  
l l i e r e ,  one I13S m a t e r i a l  flow,  ater rial losses, primary s t a n d a r d s ,  sccondary 
s t a n d a r d s ,  and exhaus t ive  examination of consequences. The material flows 
nnd losses of  f i s s i o n a b l e  m a t e r i a l s  could be s i m f l a r l y  cons idcred .  n i e  
e q u i v a l e n t  of  t h e  primary s tandards  f o r  r a d f a t i o n  cxposurc would be  some 
maximum a c c e p t a b l e  r a t e  f o r  d i v e r s i o n  r e l a t e d  nuc lear  c a l a m i t i e s .  nic 
e q u i v a l e n t  of  t h e  sccondary emission s tandards  would be an e x p l i c i t  spcci-  
f i c a t i o n  of tlie tcchnoloc ica l  and i n s t i t u t i o n a l  ~neans b e l i t v c d  necessary  t o  
assurc  compliance with the  primary s tandards .  F i n a l l y ,  t h c  direct  and real 
consequences of d i v e r s i o n  r c l a t c d  n u c l e a r  disasters could be  d i s c u s s e d  alo:iy. 
w i t h  the a c c e s s i b i l i t y  of information and suppor t  m a t c r i a l  ncccssnry  t o  
crcatv t h c s c  d i s a s t e r s .  

“Sucli an a n a l y s i s  would proviclc a h a s i s  f o r  appreciat inp,  tlic impacts  from 
a c t u a l  ant! p o t c i i t i a l  divcrs ioi i  of f i s s i o n a l l c  rfiatcrial. Thc d r a f t  
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Statcmcnt docs not provide such a b a s i s ,  and without i t  the  i n t e r e s t s  of 
s o c i e t y  must be poorly served." 

Response : 

The proposed approach would r equ i r e  o method for determining t h e  rate of 
occurrence of nuclear ca l ami t i e s  o d ,  as t he  F ina l  Statement makcs c l e a r ,  
t h a t  is  n o t ,  a t  p re sen t ,  possible.! Ilowever, the  approach being taken by 
the  AEC l e  s i m i l a r  i n  sone respcc ts  t o  your proposal,  where t h e  r i s k s  
a s soc ia t ed  wi th  t h e f t  or  sabotage must be reduced t o  acceptably low levels, 
bu t  where the  assessment of the r i s k  i s  necessar i ly  a mat te r  of judgment. 
Ihe genera l  oppr ach being taken is described i n  Scc t ion  7.4.8 of the 

2 

9 3 Fina l  Statement. 

n 
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ATTACHMENT 

TESTIMONY CONCERNING THE ACCEPTABILITY 

OF EXISTING PUBLIC HEALTH 

GUIDANCE FOR PLUTONIUM 

Donald P. Geesaman 
School o f  Pub l ic  A f f a i r s  
U n i v e r s i t y  o f  Minnesota 
M i  nneapol i s , Minnesota 55455 

January 10, 1975 

(Statement presented a t  the p u b l i c  
hearing on plutonium standards 
he ld  by the Uni ted States Environmental 
Pro tec t ion  Agency i n  Denver, Colorado 
on January 10, 1975. The mater ia l  o f  
t h a t  o r a l  presentat ion i s  annotated 
and expanded here. ) 
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testimony. 
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testimony, and which have deta i led  referencing. 

The reader i s  re fe r red  to  the attached 
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name Is  Donald P. Geesaman. I reside  a t  815 Heinel Drive,
S t. Paul, Minnesota. I am an Associate Professor In the School o f Public 
A ffairs of the U niversity of Minnesota (Minneapolis). My principal 
research In te re s t  Is the re la tio n sh ip  between policy and technology with 
p a rtic u la r  emphasis on nuclear technologies.

i l t ed States of America. I was
_  ^ ___________I am a th eo re tica l physic ist

by tra in in g . I was employed fo r 13 years a t  the Lawrence Radiation 
Laboratory (Livermore) of the U niversity of C alifo rn ia , where from 1960 
to  1966 I was a member o f the Theoretical Physics D ivision, and from 
1967 to  1973 I was a member of the Biomedical Division. (The Lawrence 
Radiation Laboratory Is  a nuclear research laboratory operated under 
con trac t fo r The Atomic Energy Commission by the U niversity of C a lifo rn ia .)  
While in  the Biomedical Division a t  Lawrence Radiation Laboratory my work 
was p rim arily  concerned with analysis of the hazards associated  with 
nuclear technologies. In September of 1973 I joined the facu lty  of the 
School o f Public A ffairs a t  the U niversity of Minnesota (Minneapolis).
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SUMMARY 

Plutonium i s  an ef fect ive rad io log ica l  carcinogen i n  laboratory  

animals. 

man. 

Alpha-em1 t t e r s ,  such as plutonium, are proven generic carcinogens i n  

The mechanisms underlying the o r ig ins  o f  cancer are poor ly  known. 

Radiation-induced carcinogenesis i s  no exception. 

Present standards f o r  plutonium are based on the  assumption o f  a 

uniform exposure by the mater ia l .  

such an assumption i s  mani fest ly  erroneous; and as a basis f o r  making pub l i c  

hea l th  evaluations associated w i t h  p a r t i c u l a t e  exposures, the  assumption may 

be far from conservative. Human experience w i th  plutonium exposures i s  

i n s u f f i c i e n t l y  documented t o  provide meaningful support f o r  e x i s t i n g  standards. 

For exposures by plutonium par t i cu la tes ,  

Radiat ion exposures o f  t i ssue by plutonium pa r t i cu la tes  are notably  

inhomogeneous, d iverse and complex. 

considerable d i ve rs i t y ,  unrecognized resonant s i t ua t i ons  may e x i s t  w i t h  anomalously 

l a rge  ca rc i  nogeni c responses which dominate the ove ra l l  hazards associated w i t h  

exposure. 

and hence p o s s i b i l i t y  o f  such a resonance; others may ex is t .  

respectable hypotheses can be devel oped around t h e i r  existence; the d i s rup t i ve  

p a r t i c l e  hypothesis was so conceived. 

The concern i s  t h a t  amongst t h a t  

An anima? experiment, such as A lber t ' s ,  demonstrates the existence 

S c i e n t i f i c a l l y  

I f  plutonium becomes a common element i n  comerce, the  standards 

spec i fy ing  i t s  con t ro l  acquire profound pub 

the determination of those standards i s  the 

uncer ta i  n t i  es re1 a te  t o  pub1 i c heal t h  deci s 

the dec is ion and the imperfect knowledge on 

i c  heal th  s ign i f icance.  Beneath 

judgment of how s c i e n t i f i c  

ons. Considering the g r a v i t y  o f  

which t h i s  dec is ion must be 

grounded, I would suggest t h a t  a proper basis f o r  estab l ish ing plutonium 

standards i s  the most conservative hypothesis consistent w i t h  s c i e n t i f i c  

experience. 

hypothesis commend themselves f o r  careful consideration. 

For t h i s  basis the hot p a r t i c l e  hypothesis o r  the  Mar te l l  
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STATEMENT 

I consider i t  a privilege to  tes t i fy  here today. I have no fondness 

for  g i v i n g  testimony b u t  I have paid my way here t o  appear because of what 

I consider a historical  obligation t o  see t h r o u g h  an issue which I helped 

t o  ra ise  several years ago, and which I consider t o  be pertinent t o  your 

deliberations. I will be historical  i n  my presentation. In tha t  way the 

material and perspectives presented will be more meaningful' t o  me. Most 

of what I have t o  say derives from concepts formed i n  the past  a t  a time 

tha t  I had formed no strong bias against nuclear power. 

* * *  

Shortly a f t e r  joining the Biomedical Division o f  Lawrence Radiation 

Laboratory (Livermore), I was asked t o  assess the potential public health 

hazards associated w i t h  p l u t o n i u m  aerosols. 

I publ ished "An Analysis of the Carcinogenic Risk from an Insoluble 

Alpha-Emitting Aerosol Deposited i n  Deep Respiratory Tissue" (included as  

Appendix I ) .  

Consequently, i n  February 1968 

I quote some conclusions from the analysis i n  tha t  report: 

"While no r e a l i s t i c  evaluation of the total  carcinogenic 
risk i s  accomplished, the resul ts  are such as to  
c la r i fy  the nature of the problem. In  par t icular ,  
i f  the loss of mitotic competence by a local cel l  
population is suff ic ient  to  guarantee no origin of 
cancer w i t h i n  tha t  popul a t i  on, then the carci nogeni c 
risk from particulate sources does n o t  scale t o  the 
total  energy dissipated. To say what dose characterist ics 
are  significant to. the risk would require an accurate 
knowledge of clearance, local shielding responses, 
and the mechanisms o f  cancer induction. 
absence of t h i s  detailed knowledge the suggested 
course is  an experimental determination of the number 
of source particles per induced cancer." 

In the 

and 
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"The par t ic le  problem i s  unique i n  that:  (1) there 
is enormous variation i n  the dose level and dose 
characterist ics t o  which different cel l  populations 
may be exposed, and ( 2 )  volumes involved are  small 
so that  disruptive doses are n o t  necessarily organ 
fa ta l .  
diversity,  and I would be concerned that  somewhere 
i n  this diversity are unanticipated resonant 
si tuations where the risk is large compared w i t h  
predictions made from linear dose effect  relations. 

"The risk does not scale w i t h  the total  energy from 
a source, and w i t h  present knowledge i t  i s  
precarious t o  t ry  t o  describe i n  a detailed way 
the relationship between radiation level and 
carcinogenic tissue response. 
the most reasonable and hopeful approach i s  t o  
attempt an experimental determination of the number 
o f  cancers per source par t ic le  as a function of 
source strength a t  relatively low tissue burdens. 
With this, a meaningful estimate of risk would be 
readily accessible." 

Implicit i n  the problem is considerable 

I t  would seem that  

* * *  

Subsequent t o  that  report I reviewed experiments involving s k i n  and lung 

carcinogenesis i n  mammals a f t e r  intense localized doses of ionizing radiation. 

As a resul t  o f  this analysis I published an addendum t o  the original report 

(included as Appendix 11). There I reached the following conclusions: 

"Summing up ,  intense radiation exposure of 
mammalian skin and l u n g  t issue commonly resul ts  
i n  cancers. 
a primary consequence of intense radiation insult, 
and are observed i n  association w i t h  carcinogenesis. 
A1 bert has exhibited a simp1 e proportional i ty 
between skin carcinomas and atrophied hair fo l l ic les .  
No general description o f  precarcinogenic injury 
exists, b u t  i n  a crude sense the available 
observations are compatible w i t h  the idea o f  an 
injury-mediated carcinogenesis. Cancer i s  a 
frequent ins tab i l i ty  of tissue. Since t issue 
i s  more t h a n  an aggregate of ce l l s ,  and has a 
structural  and functional unity of i t s  own, i t  
would n o t  be surprising i f  some disrupted local 
integri ty ,  a disturbed ordering, comprises a 
primary pathway of carcinogenesis. 
of sarcomas w i t h  iner t  discs of Mylar, cellophane, 

Tissue injury and disturbance are 

The induction 

Q 

Q 
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Teflon and Millipore (Brues e t  a l . )  i s  indicative 
that  such a mechani sm exi s tc Presumably m i  to t i  c 
s te r i l i za t ion  is  an important factor i n  any 
carcinogenesis mediated by radiation-induced tissue 
injury. The functional relation of this  factor t o  
the carcinogenic response may be quite different 
from a l inear i ty  i n  the surviving mitotic fraction. 

"While regrettably unquanti t a t i  ve, the hypothesis 
of an injury-mediated carcinogenesis i s  suggestively 
descriptive. 
contains a structure analogous t o  the r a t  hair 
f o l l i c l e ,  and i f  a radioactive particulate deposited 
i n  the respiratory zone has the capacity to  disrupt 
one or more of these structures and create a 
precanserous 1 sion, then cancer risks of the order 
of 10- t o  lo-' per par t ic le  can be expected for  
burdens much less than 108 particles." 

If the respiratory zone o f  the lung 

and 

"For occupational expos r the m g g J m u m  permissible 
l u n g  burden (MPLB) of or Pu i s  0 .016~ C i ,  
Assuming a par t ic le  diameter of 0.311, thJ2gburden 
i s  equivalent t o  3 06 particles of P U  02 or 
104 particles of Pu53102 . If there i s  a possibil i ty 
of tumorigenic risks of the order of 1/2000 per 
par t ic le ,  this raises serious doubts as t o  the 
applicabili ty of current MPLB to risk judgments 
involving particulates . I' 

* * *  

During the following year the analysis was extended, and discussion 

o f  the conclusions and the i r  potential implications was given considerable 

internal d i s t r i b u t i o n  w i t h i n  Lawrence Radiation Laboratory (Livermore) and 

the Atomic Energy Commission. In November 1969, Arthur Tamplin and myself 

sent a l e t t e r  (included as Appendix 111) t o  John Totter, then Director of 

the Division of Biology and Medicine ( A E C ) ,  w i t h  a copy t o  Glenn Seaborg, 

then Chairman of the Atomic Energy Commission. I quote from that  l e t t e r :  

"This problem concerns the biological hazard 
attendant upon the inhalation o f  plutonium oxide 
particles.  
that  these particles may represent a unique 
carcinogenic risk--that,  when the lung expcsure 

Our analysis of this  problem suggests 
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occurs as a result of PuO particles, the existing 
maximum permissible lung iurden may be too h igh  by 
orders of magnitude. If our suspicions are correct, 
the AEC could be confronted w i t h  a s i tuat ion similar 
t o  the uranium miners i n  the plutonium industry. 
The enclosed report, UCRL-50387, ADDENDUM, i s  the 
basis for the above statements. 

Our interest in this problem resulted from being 
requested t o  be members of the DBM Committee of 
Space Nuclear Systems Radiological Safety Matters. 
As you can see from the enclosed le t ters  t o  Dr. Bruner, 
we disagreed w i t h  the Committee's conclusions 
beginning i n  August 1967. The more we studied the 
problem the more concerned we became as evidenced 
by t he l e t t e r to  Dr. Bruner of October 2, 1968. In 
this le t ter  and the memo t o  D t .  Gofman we expressed 
our  concern w i t h  respect t o  exposure o f  workmen i n  
the very vital plutonium industry. We again expressed 
this concern a t  a briefing of the AEC Staff i n n  
Germantown on October 25, 1968 (copy enclosed). 

We are calling this problem t o  your attention a t  
this time because i t  appears t h a t  i t  will soon 
become a subject o f  public debate. As a result of 
the f i r e  a t  Rocky Flats, Dr. E.A. Martell has been 
conducting an environmental survey t o  determine the 
levels of Pu-239 in the Colorado area. As we 
understand i t ,  he will probably be releasing his 
results i n  December. His results will show evidence 
of Contamination from the Rocky Flats plant. Our  
impression i s  t h a t  he will a t  t h a t  time raise the 
question of permissible exposure. 

I t  i s  important t o  note t h a t  there i s  no official 
guidance concerning exposure t o  these hot-particles. 
ICRP publication #9, page 4, paragraph 20 states,  
' I n  the meantime there i s  no clear evidence t o  show 
whether, with a given mean absorbed dose, the 
biological risk associated with a non-homogeneous 
distribution i s  greater or less t h a n  the risk resulting 
from a more diffuse distribution of t h a t  dose i n  the 
1 ung . 

Now, quite obviously, we do n o t  feel t h a t  the 
Division of Biology and Medicine can adequately 
support the position taken by the Committee on Space 
Radiological Safety. Hopefully, the scientific 
communi ty-at-large wi 11 be more receptive t o  their 
arguments b u t  we doub t  i t . "  

* * *  

0 
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I n  A p r i l  o f  1970 I was i n v i t e d  t o  the Un ivers i ty  o f  Colorado t o  debate 

w i t h  Chester Richmond (Los Alamos S c i e n t i f i c  Laboratory) on the  po ten t ia l  

s ign i f i cance o f  the o f f s i  t e  contamination discovered around the  Dow Chemical 

Rocky F la ts  F a c i l i t y .  I concluded my ta l k ,  "Plutonium and Pub l ic  Health," 

( included i n  s l i g h t l y  modified form as Appendix I V )  w i t h  t h i s  statement o f  

perspective : 

"F ina l l y  I would l i k e  t o  describe the problem i n  
a l a rge r  context. 
has been conjectured t o  be a major energy source. 
Commercial production i s  projected a t  30 tons per 
year  by 1980, i n  excess o f  100 tons per year by 
2000. Plutonium contamination i s  not  an academic 
question. Unless fus ion reactor  f e a s i b i l i t y  i s  
demonstrated i n  the near fu ture,  the commitment 
w i l l  be made t o  l i q u i d  metal f a s t  breeder reactors  
f u e l d  by plutonium. Since fus ion reactors  are 
present ly  speculative, the decision f o r  l i q u i d  
metal f a s t  breeders should be an t ic ipa ted  and 
plutonium should be considered as a major p o l l u t a n t  
of remarkable t o x i c i t y  and persistence. 
the enormous economic i n e r t i a  invo lved i n  the  
commitment i t  i s  imperative t h a t  pub l i c  hea l th  
aspects be careful l y  and honestly defined p r i o r  
t o  ac t i ve  promotion o f  the indust ry .  To l i v e  
sanely w i th  plutonium one must appreciate the 
po ten t i a l  magnitude o f  the r i s k ,  and t o  be able 
t o  monitor against a l l  s i g n i f i c a n t  hazards. 

"An indeterminate amount o f  plutonium has gone 
o f f s i t e  a t  a major f a c i l i t y  10 mi les upwind from 
a metropol i tan area. The loss was unnoticed. 
The o r i g i n  i s  somewhat speculat ive as i s  the 
u l t ima te  deposition. 

"The hea l th  and safety  o f  pub l i c  and workers 
are protected by a se t  o f  standards f o r  plutonium 
acknowledged t o  be meaningless. 

"Such th ings make a t ravesty  o f  pub l i c  health, 
and r a i s e  serious questions about a hur r ied  
acceptance o f  nuclear energy. " 

By the  year 2000, plutonium-239 

Considering 

* 

* * *  

* 
The o f f s i t e  contamination was, o f  course, u l t i m a t e l y  f i x e d  a t  

several curies; the source of the contamination vias concluded t o  be leak ing 
bar re ls  o f  plutonium-contaminated c u t t i n g  o i l  which were located i n  
outs ide storage. 
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8, 1971 l e t t e r  (included as Appendix V )  t o  Stanley Greenfield, 

rector of the Environmental Protection Agency, I commented 

of plutonium hazards i n  the Atomic Energy Commission's 

Draft Environmental Impact Statement on the Proposed Rocky Flats Plant 

P1 utoni um Recovery Faci 1 i ty  : 

"More specifically,  the exposition i n  paragraph 
4 of Section 2.0 i s  an inadequate and unrepresentative 
description of the uncertanties i n  human risk attendant 
t o  exposure by plutonium aerosols. 
has a well known carcinogenic potential under a number 
of s i tuat ions,  including radiation exposure; the 
Hanford beagle study demonstrates induction of l u n g  
cancer by plutonium aerosols. These are suf f ic ien t  
basis to  establish plutonium induced lung cancer as 
a legitimate concern for  humans, Judged i n  this 
context the negative resul ts  of the cited mouse study 
have l i t t l e  public health relevance. In addition, 
i t  requires pathological optimism t o  find reassurance 
i n  the resul ts  o f  the Hanford beagle experiment. 
we5$9gi ven aerosol burdens of -1 -1 0 m i  crocuri es of 
Pu 02. A t  nine years post exposure the l u n g  cancer 
response was vir tual ly  saturated and multicentric 
origin were noted i n  some dogs. 
between i n i t i a l  burden and time t o  cancer death was 
used t o  infer  the l imit  burden for  no l i f e  shortening 
that  was mentioned i n  the draf t  statement. The 
exclusive interpretation of this crude correlation 
t o  mean a practical threshhold of burden i s  no more 
than a promotional indulgence. The observations do 
n o t  necessarily imply that  a practical threshhold 
exis ts  below which no pl utoni um induced cancer w i  11 
occur. Moreover, the range of exposures above the 
inferred l imit  burden may i n  fac t ,  be interpreted as 
a region of saturated response, that  i s  a burden 
regime i n  which cancer induction i n  a population 
approaches 100% d u r i n g  a normal l i f e  span. The point 
here i s  that  the time t o  death may be related t o  the 
burden th rough  population depletion, rather than through 
the la tent  period. 
cancer incidence would be anticipated a t  lower burdens. 
To summarize a specific concern w i t h  the p lu ton ium 
problem: 1 )  under a number of probably circumstances 
plutonium forms aerosols; 2)  the physical character of 
these aerosols is  such that on inhalation by humans they 
are preferentially deposited i n  the deep respiratory t issue; 
3 )  because of slow clearance and because of the insolubili ty 
o f  the aerosol, particles deposited i n  t h i s  t issue may 
experience long residence times (hundreds of days) ; 

Human lung  tissue 

Dogs 

A correlation observed 

I n  the former case, appreciable 
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4 )  an apprec iab le mass . f rac t i on  o f  t h e  aerosol  i s  
assoc iated w i t h  p a r t i c l e s  s u f f i c i e n t l y  l a r g e  t h a t  
s i g n i f i c a n t  ( 3  1 a l v e o l u s )  volumes o f  lung t i s s u e  
w i l l  be exposed t o  i n tense  r a d i a t i o n  exposure 
(a 1000 rem) w i t h i n  a meaningful p h y s i o l o g i c a l  t ime; 
5) s tud ies  o f  t h e  e f f e c t s  o f  i n tense  l o c a l  r a d i a t i o n  
(A lbe r t ,  Hulse ( sk in ) ,  Maldague (k idney) ,  d e p o s i t i o n  
hotspots  i n  bone seeking alpha e m i t t e r s )  suggest 
t h a t  d e s p i t e  t h e  near m i t o t i c  s t e r i l i z a t i o n  o f  t h e  
i n v o l v e d  t i s s u e  an enhanced carc inogenic  p o t e n t i a l  
may e x i s t ,  i n  t h e  sense t h a t  energy d i s s i p a t e d  i n  a 
l i m i t e d  volume may be f a r  more carc inogenic  than i f  
t h e  same r a d i a t i o n  were t o  d i s s i p a t e  i t s  energy over  
a l a r g e r  volume. The quest ion i s  then do t h e  l a r g e r  
p a r t i c u l a t e s  i n  a p lu ton ium aerosol  l e a d  t o  associated 
a l v e o l a r  exposures t h a t  have enhanced carc inogenic  
p o t e n t i a l .  I f  they do, then present  standards can 
be i n  e r r o r  by 2-3 orders o f  magnitude. 
t h e  emphasis here i s  on t h e  anomalous r i s k  t h a t  may 
be associated w i t h  a s i n g l e  p a r t i c l e ;  and t h a t  i f  
any th resho ld  i s  r e l e v a n t ,  i t  i s  n o t  t he  dose t h r e s h o l d  
s ince l o c a l  exposures a r e  large,  b u t  r a t h e r  a s t r u c t u r a l  
o r  vo lumet r i c  t h resho ld  t h a t  must be exceeded by t h e  
phys i ca l  e x t e n t  o f  t h e  exposure; and f i n a l l y  t h a t  
t h i s  i s  a ve ry  spec ia l  case o f  t h e  low exposure 
problem, a case t h a t  i s  p e c u l i a r  t o  p lu ton ium as 
an i n s o l u b l e  aerosol- forming, l ong  l i v e d  a lpha -emi t te r .  

" In r e l a t i o n  t o  t h e  preceding, t h e  Hanford beagle 
study ( % l - l O  m ic rocu r ies  i n i  t i a1 1 ung burden) showed 
cancers appearing i n  con junc t i on  w i t h  r a d i a t i o n  induced 
les ions .  
burden was prematurely s a c r i f i c e d  and no l e s i o n s  o r  
cancers were found. It wauld, however, be p reca r ious  
t o  i n f e r  t h a t  absence o f  l es ions  i m p l i e s  no 
carc inogenic  p o t e n t i a l ,  o r  e q u i v a l e n t l y  t h a t  r a d i a t i o n  
induced l e s i o n s  a re  a necessary c o n d i t i o n  f o r  h igh  
dose carcinogenesis.  Th is  p o i n t  i s  i l l u s t r a t e d  by 
A l b e r t ' s  r a t  s k i n  experiment, where carcinogenesis 
was opt imal  i n  a p r e - u l c e r a t i v e  regime o f  l e s s  d r a s t i c  
r a d i a t i o n  i n j u r y .  

"It would be use fu l  t o  have a formal documentation o f  
p a s t  p lu ton ium exper ience f o r  humans, i n  o r d e r  t o  
judge t h e  e x t e n t  t o  which t h a t  exper ience can be used 
t o  q u a n t i f y  t h e  hazards o f  p lutonium. 
years t h e  AEC has es tab l i shed  a p lu ton ium r e g i s t r y  a t  
Hanford. I f  any c u r r e n t l y  use fu l  documentation i s  
a v a i l a b l e  f rom t h e  r e g i s t r y ,  I am unaware o f  it. 

"Dr.  Langham a t  LASL has f o r  some 25 years f o l l o w e d  
12 humans w i t h  burdens i n  excess o f  a MPL. It i s  my 
impression, perhaps erroneous, t h a t  these burdens 
l a r g e l y  d e r i v e  f rom exposures experienced i n  a waste 
recovery area where t h e  p lu ton ium aerosol  was i n  f a c t  

N o t i c e  t h a t  

I n  add i t i on ,  a dog hav ing s u b s t a n t i a l l y  l e s s  

I n  t h e  pas t  2 
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a dilute solut ion.  If this is the case the relevance 
of this documentation t o  particulate exposure would 
be speculative. 

"Independent of the biological questions, there are  
substantial and significant uncertainties associated 
with the resuspension o f  plutonium surface contamination. 
The subject receives essent ia l ly  no connnent i n  the 
draf t  statement. In the case o f  accidental release of 
p l u t o n i u m  w i t h  consequent cantami nation of an uncontrolled 
area, resuspension phenomena along w i t h  carcinogenic 
injury will determine the hazard t o  inhabitants of the 
area. Uncertainties i n  these two factors will be 
important i n  the publ ic  determination o f  an acceptable 
level o f  surface contamination, especially i n  the 
absence of of f ic ia l  guidance for  this l a t t e r  quantity. 
The acceptable level of contamination will i n  t u r n  
determine the costs of cleanup of property and long 
term displacement of people." 

* * *  

Most recently I presented my views i n  a formal comment on the 

discussion of health effects  of plutonium i n  "Particle Lung Dose Effects" o f  

WASH-1535, Draft Environmental Impact Statement, Liquid  Metal Fast Breeder 

Reactor Program, March 1974. What follows here closely approximates that  

comment. 

The estimate of lung  cancer incidence associated w i t h  the inhalation 

of p lu tonium (or other insoluble alpha-emitting transuranics) i n  particulate 

form i s  a c r i t i c a l  factor ,  along w i t h  source terms and resuspension, i n  

defining the probable impact o f  a p lu ton ium based fuel-cycle. 

most administrative estimates of lung cancer incidence associated w i t h  the 

inhalation of plutonium particulates have been based upon a calculation o f  

the average radiation dose delivered t o  the lung, and application of tumor 

incidence estimates for a uniformly irradiated lung. 

"Particle Lung Dose Effects" i n  WASH-1535, Draft Environmental Impact 

Statement, L iqu id  Metal Fast Breeder Reactor Program, March 1974.) 

In the past, 

(See for  instance, 

In my 

'. 
b 

i 
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judgment t h i s  procedure i s  n o t  a s c i e n t i f i c a l l y  d e f e n s i b l e  bas i s  f o r  p u b l i c  

h e a l t h  eva lua t i ons  o f  p lu ton ium hazards. 

It i s  g e n e r a l l y  acknowledged t h e  ' i n s o l u b l e '  p a r t i c l e s  o f  rad io isotopes,  

when deposi ted i n  t i ssue ,  p rov ide  f o c a l  regions o f  h i g h  r a d i a t i o n  dose ra tes .  

There i s  no presumption t h a t  t h e  exposure by p a r t i c u l a t e s  o f  p lu ton ium i s  

uni form. 

The s t r u c t u r e  and f u n c t i o n  o f  l ung  t i s s u e  i s  such t h a t  t h i s  t i s s u e  i s  

p e c u l i a r l y  access ib le  and vu lne rab le  t o  such p a r t i c u l a t e  exposures. 

r e s p i r a t o r y  t i s s u e  o f  t h e  l ung  i s  made up o f  'L 10 a l veo  i. 

a complexly organized u n i t  o f  t i ssue .  I f  an i n s o l u b l e  a pha-emi t t ing 

p a r t i c u l a t e  i s  deposi ted i n  t h i s  t i s s u e  some 100 o r  l e s s  a l v e o l i  w i l l  be 

exposed d u r i n g  i t s  residence. 

inhomogeneity o f  t h i s  exposure i s  t h a t  a t  most about o n e - m i l l i o n t h  o f  t h e  

l ung ' s  a l v e o l i  a r e  a f f e c t e d  by a s i n g l e  s t a t i c  p a r t i c u l a t e .  

The deep 
8 Each aveolus i s  

A crude measure o f  t he  nonun i fo rm i t y  o r  

The s i g n i f i c a n c e  of t he  preceding i s  t h a t  i n  t h e  ac tua l  l ung  

exposure by an a lpha -emi t t i ng  p a r t i c u l a t e ,  t h e  energy o f  t h e  i o n i z i n g  

r a d i a t i o n  i s  deposi ted i n  a very l i m i t e d  volume o f  t i s s u e ,  and hence t h a t  

t h e  s c a l e  o f  t h e  a c t u a l  r a d i a t i o n  dose t o  l ung  t i s s u e  i s  rough ly  a m i l l i o n  

t imes l a r g e r  than t h e  dose associated w i t h  an averaging of t h e  e q u i v a l e n t  

r a d i a t i o n  energy over  t h e  e n t i r e  lung.  

A m u l t i p l i c a t i v e  d i f f e r e n c e  o f  a m i l l i o n  i n  a s i g n i f i c a n t  phys i ca l  

q u a n t i t y  g e n e r a l l y  suggests a q u a l i t a t i v e  d i f f e r e n c e  consequent t o  t h a t  

q u a n t i t a t i v e  d i f f e r e n c e .  Suppose, f o r  example, t h a t  t h e  problem were t o  

est imate t h e  e f f e c t s  o f  r i f l e  b u l l e t s  on human organisms. 

b u l l e t s  weighed 1/2 ounce and had a v e l o c i t y  o f  1000 f t / s e c .  

e f f e c t  o f  t h e  p r o j e c t i l e  depends on t h e  energy, and note t h a t  a 6 t o n  v e h i c l e  

Suppose t h a t  t h e  

Note t h a t  t h e  



V.  67-48 

-10- 

moving a t  1 mile per hour has similar energy. There i s  experience w i t h  humans 

stopping slow moving vehicles by exerting strenuous counterforces. 

this experience the effect  of r i f l e  bullets on humans i s  inferred t o  be 

oxidation of the biological fuel necessary t o  do the work of s t o p p i n g  the 

vehicle. Even though the energies 

involved are similar,  human t issue distinguishes between a fast-moving r i f l e  

bullet  and a truck weighing a million times more and moving a t  a one-thousandth 

the velocity. The former dissipates i t s  energy i n  the gross disruption of 

local t issue,  the l a t t e r  leads t o  the ordered and non-injurious oxidation o f  

biological fuel .  The end resul ts  become very different as the physical 

characterist ics of the si tuation change, and a new biological phenomenon 

intercedes. 

e i ther  from past experience that  i s  expl ic i t ly  applicable, or alternatively,  

to  calculate the effects  considering the physical characterist ics of the r i f l e  

bullet  and knowledge of the biological and physical characterist ics of the 

human organism. 

Using 

B u t  t h i s  reasoning i s  manifest nonsense. 

Obviously the way t o  estimate the effects  of r i f l e  bullets i s  

This nonsense example has much the same logical s t ructure  as the 

usual administrative method of estimating the effects  of h o t  par t ic le  o r  

other highly inhomogeneous exposures. 

large mass of exposed t issue,  the calculated dose becomes commensurately 

small. 

hot par t ic le  i r radiates  10 t o  100 alveoli ,  t o  the fictional si tuation i n  
which the ionizing radiation from the hot par t ic le  i s  averaged over 10 8 

alveoli ,  the dose scale has f ic t i t ious ly  decreased by roughly a factor of a 

m i  11 ion. 

There, by introducing a f ic t i t ious ly  

In passing from a real si tuation, i n  which a s t a t i c  radioactively 

One could argue here t h a t  energy averaging over s t a t i s t i c a l l y  exposed 

volumes i s  also a physically meaningless radiological procedure because the 
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energy o f  t h e  i o n i z i n g  r a d i a t i o n  i s  deposi ted i n  a narrow columnar r e g i o n  

surrounding t h e  path o f  t h e  i o n i z i n g  p a r t i c l e .  

i n  c e r t a i n  exposure regimes b i o l o g i c a l  e f f e c t s  do c o r r e l a t e  w i t h  average 

i o n i z i n g  energy t o  t h e  exposed volume, and t h e  m e r i t  o f  t h e  procedure i s  

thus establ ished.  I t  i s  s u f f i c i e n t  i n  these cases t o  bear i n  mind t h a t  one 

i s  observ ing t h e  s t a t i s t i c a l  aggregat ion o f  d i s c r e t e  events. 

The p o i n t  i s ,  however, t h a t  

L i v i n g  t i s s u e  shows extens ive i n t r a - c e l l u l a r  and i n t e r - c e l l u l a r  

organizat ion.  Several regimes o f  b i o l o g i c a l  response would be expected as 

phys i ca l  ( s p a t i a l ,  temporal, ene rge t i c )  c h a r a c t e r i s t i c s  o f  t i s s u e  exposure 

a r e  var ied.  

o f  r a d i a t i o n  w i l l  f a l l  i n  one of these regimes, and t h i s  w i l l  be a regime 

i n  which t h e r e  i s  human experience. From t h e  phys i ca l  c h a r a c t e r i s t i c s  of 

p lu ton ium aerosols,  from the  l ung  depos i t i on  exper ience w i t h  aerosols ,  and 

from t h e  lung c learance exper ience w i t h  p lu ton ium p a r t i c u l a t e s ,  i t  can be 

i n f e r r e d  t h a t  a t  l e a s t  one c lass  o f  p a r t i c l e s  e x i s t  which s u b j e c t  l u n g  t i s s u e  

t o  an exposure associated w i t h  a d i f f e r e n t  carc inogenic  response regime. 

This  i s  because another b i o l o g i c a l  phenomenon has in tervened.  

Carcinogenic response t o  whole organ exposure by non-acute doses 

Fo r  h o t  p a r t i c l e  exposure t h a t  phenomenon i s  m i t o t i c  death o f  c e l l s ,  

i.e., l o s s  o f  t h e  c e l l ' s  a b i l i t y  t o  d i v ide .  

on t h e  subject .  

f o r  t r e a t i n g  mal ignant  t i s s u e  w i t h  i o n i z i n g  r a d i a t i o n ,  and i s  t h e  cause of  

most acute symptoms consequent t o  r a d i a t i o n  exposure. Even though t h e  

i n t e r c e s s i o n  o f  extens ive m i t o t i c  death o f  c e l l s  must i n e v i t a b l y  p l a c e  

c e r t a i n  p a r t i c u l a t e  exposures i n  a d i f f e r e n t  response regime f rom whole lung, 

non-acute exposures, a compel l ing argument might  be made t h a t  t h e  carc inogenic  

There i s  an ex tens i ve  l i t e r a t u r e  

R a d i o l o g i c a l l y  induced m i t o t i c  death i s ,  i n  f a c t ,  t h e  bas i s  

response i n  t h e  former case i s  necessa r i l y  l e s s  than t h e  ca rc inogen ic  response 

i n  t h e  l a t t e r .  Th is  argument would appear t o  have m e r i t  s i n c e  m i t o t i c  death 
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of c e l l s ,  as well as reducing the general viabi l i ty  of the t issue,  would also 

reduce the number of irradiated cel l  s w i t h  carcinogenic potential. Usually 

implicit  i n  t h i s  argument is  a conceptualization of radiation carcinogenesis 

as originating w i t h  a single-cell ,  direct-injury process. 

To confirm th is  argument, there i s  a respectable l i t e ra ture  i n  which 

carcinogenesis is  described as occurring a f t e r  doses of radiation tha t  are  

suff ic ient ly  local as t o  n o t  be organism lethal ,  and that  are suff ic ient ly  

h igh  for  the fraction of mitotically competent ce l l s  t o  be greatly reduced, 

i . e . ,  t o  1% or  less. Unfortunately, i n  a t  leas t  some of these experiments, 

the most elegant of which i s  Albert 's experiment on r a t ' s  s k i n ,  carcinogenesis 

i s  contrari ly related t o  the fraction of mitotically competent ce l l s ,  i.e., 

cancer induction i n  the regime where mitotic competence is  greater than 1% 

is small compared w i t h  the cancer induction i n  the regime where mitotic 

competence i s  much less than 1%. 

There are several points t o  be made here. Loss of mitotic competence 

and carcinogenesis are two indices of radiation effect  i n  t issue.  

cannot be independent since cancer ce l l s  are  mitotically competent, hence 

the relationship between these indices can t e l l  us something about modes of 

radiation carcinogenesis. 

They 

Mitotic competence, i .e . ,  the fraction of mitotically competent c e l l s ,  

Moreover, i s  no t  generally related i n  a l inear  way t o  carcinogenic response. 

i t  is  a major anomaly that  an increased carcinogenic response i s  observed i n  

dose regimes associated w i t h  greatly reduced mitotic competence. 

d i f f i c u l t  t o  reconcile t h i s  result  w i t h  any single-cell ,  direct-effect  origin 

for  radiation induced cancer i n  h i g h  dose regimes. 

resul ts  and discussion i n  "Tumor Induction i n  Rat Skin  by 300-kv X-rays and 

15 MeV Neutrons'' i n  IAEA-SM-118/22, G.W. Barendson. ) 

I t  is 

(On this point see the 
n 
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M i  t o t i c  competence of a c e l l  popu la t i on  decreases e x p o n e n t i a l l y  w i t h  

i nc reas ing  a l p h a - r a d i a t i o n  dose and i s  a f a i r l y  general  index o f  r a d i a t i o n  

e f f e c t  i n  t i ssue .  

m i t o t i c  competence, then est imates of carcinogenesis based on a f i c t i t i o u s  

averaging o f  a l o c a l  inhomogeneous dose over a much l a r g e r  volume would be 

n e c e s s a r i l y  conservat ive.  Since r a d i a t i o n  carcinogenesis can, and i n  f a c t ,  

does increase t o  anomalously l a r g e  values w h i l e  t h e  m i t o t i c  competence 

becomes v a n i s h i n g l y  smal l ,  t h e  f i c t i t i o u s  averaging o f  dose over  l a r g e r  

volumes i s  n o t  necessa r i l y  conservat ive.  

s i t u a t i o n s  e x i s t  i n  which an i n tense  l o c a l  dose of i o n i z i n g  r a d i a t i o n  can be 

a f a r  more e f f i c i e n t  carcinogen than a d i f f u s e  t i s s u e  exposure w i t h  t h e  same 

t ype  o f  i o n i z i n g  r a d i a t i o n  and t h e  same t o t a l  energy. 

t h a t  averaging o f  dose over f i c t i t i o u s l y  l a r g e  volumes may be f a r  f rom 

conservat ive,  e s p e c i a l l y  i f  t h e  averaging obscures much d i v e r s i t y  and d e t a i  1 

o f  t h e  ac tua l  exposure. 

I f  r a d i a t i o n  carcinogenesis u n i v e r s a l l y  decreased w i t h  

Ins tead  i t  would appear t h a t  

The above then i m p l i e s  

It i s  obvious t h a t  as a l o c a l  exposure becomes more in tense,  a stage 

must f i n a l l y  be reached where t h e  carc inogenic  e f f i c i e n c y  o f  t h e  exposure 

(on a p e r  u n i t  energy b a s i s )  i s  reduced. 

arguments. It suggests caut ion,  moreover, i n  g e n e r a l i z i n g  r e l a t i v e  

carc inogenic  e f f i c i e n c i e s  f rom t h e  comparative r e s u l t s  o f  h i g h  dose 

inhomogeneous and homogeneous exposures. 

d i scuss ion  o f  t h e  r a t  s k i n  experiments of Passonneau e t .  a l .  and t h e  hamster 

r e s p i r a t o r y  t i s s u e  experiments o f  L i t t l e  e t .  a l . ,  i n  "A Rad iob io log i ca l  

Assessment o f  t h e  S p a t i a l  D i s t r i b u t i o n  of Rad ia t i on  Dose from Inha led  Plutonium" 

(WASH-1320), W. Ba i r ,  C. Richmond and B.  Wachholz. 

Th is  i s  no t  p e r t i n e n t  t o  prev ious 

This  cau t ion  app l i es  t o  t h e  

What one wishes t o  know i s  t h e  c h a r a c t e r i s t i c s  o f  t h e  most 

c a r c i n o g e n i c a l l y  e f f i c i e n t  exposures and t h e  ampl i tude o f  t h a t  carc inogenic  
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response. 

t h i s  i s  the knowledge most usefu l  i n  de f i n ing  the conservative l i m i t s  o f  theore t ica l  

r i s k  associated w i t h  the diverse and complex t i ssue exposures by plutonium 

par t i cu la tes .  

re f i ned  descr ip t ion.  For example, cancer induc t ion  was observed t o  be l a rge  

only  i n  a dose reg ion where v i r t u a l l y  a l l  c e l l s  were m i t o t i c a l l y  s t e r i l i z e d ,  

i .e., where on ly  1% t o  .0001% of the c e l l s  would be expected t o  have the  

abi 1 i ty  t o  d iv ide.  

i.e., exposures where no gross les ions ( t o t a l  t i ssue d is rup t ion)  were 

produced. 

o f  atrophied (disordered) h a i r  f o l l i c l e s ,  and corre la ted w i t h  the  dose t o  

the  min imal ly  exposed germinal c e l l  populat ion o f  the h a i r  f o l l i c l e .  Most 

impor tant ly ,  w i t h  c a r e f u l l y  chosen exposures, cancer production ra tes  could 

be made as anomalously high as % 1 cancer per 10 ergs which d i f f e r s  by orders 

o f  magnitude from cancer induc t ion  rates per u n i t  energy associated w i t h  

I n  the absence o f  an understanding o f  the  mechanisms o f  carcinogenesis, 

A lbe r t ' s  experiments were unique i n  prov id ing t h a t  k ind  o f  

Cancer induc t ion  was maximum f o r  p re-u lcera t ive  exposures, 

Cancer induc t ion  was near ly  propor t ional  t o  the  production r a t e  

5 

i nd isc r im inant  exposures. 

(anomalously l a rge  response) f o r  a spec i f i c  t i ssue and a spec i f i c  exposure 

regime i s  s i g n i f i c a n t  because i t  demonstrates the existence o f  such 

energet ica l l y  e f f i c i e n t  exposure s i tua t ions .  

can then provide a reasonably conservative estimate 0f r i s k  f o r  the d iverse 

and complex exposure o f  another t issue. 

The observation o f  such a carcinogenic resonance 

The amplitude o f  t h i s  response 

The A lbe r t  experiment i l l umina tes  the  d i f f i c u l t i e s  associated w i t h  

descri  b i  ng rad ia t i on  carcinogenesis and pred ic t ing  the response, i n  the absence 

o f  an understanding o f  the underlying mechanisms. 

simple t i ssue  was involved, i f  the experiment had not been so c a r e f u l l y  

structured, much of the d e t a i l  would probably have been l o s t ,  and w i th  i t  the 

knowledge o f  t h i s  resonance i n  rad ia t i on  induced sk in  cancer i n  ra t s .  

predic t ions i n  the anomalous r e g i m e  would then have been erroneous. 

Even though a r e l a t i v e l y  

Deta i led 
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Returning t o  the question o f  plutonium r i sks ,  a p i cocu r ie  o f  Pu 239 

emits 2, 10 ergs of i o n i z i n g  r a d i a t i o n  per year; a maximum permiss ib le  lung 

burden (occupational) emits 2, 10 ergs o f  i o n i z i n g  r a d i a t i o n  per year. 

Considering the  wide va r ia t i ons  i n  t i ssue i r r a d i a t i o n  fo l l ow ing  exposure t o  

a plutonium aerosol, and considering the energy of the associated r a d i a t i o n  

exposure a when compared w i t h  the  energy requi  red per cancer i n  A1 b e r t  ' s 

experiment, one i s  compelled t o  a concern t h a t  the wide d i v e r s i t y  i n  plutonium 

p a r t i c u l a t e  exposures w i l l  discover s i m i l a r  resonant responses a and t h a t  the  

amplitude of these responses and t h e i r  extent  i n  the  t o t a l  domain o f  

exposures w i l l  be s u f f i c i e n t  t o  dominate the ove ra l l  carcinogenic r i s k .  

concern i s  f u r t h e r  exacerbated by i n c l u s i o n  of a compensating RBE f a c t o r  o f  

% 10. 

5 

This 

A comment should be introduced here on the  concept o f  "waste rad ia t i on . "  

Depending upon one's assumptions about the  mechanisms o f  r a d i a t i o n  carcinogenesis 

c e r t a i n  r a d i a t i o n  induced b i o l o g i c a l  e f f e c t s  may be considered unnecessary o r  

undesirable f o r  cancer induc t ion  and hence the rad ia t i on  expended i n  

producing those effects i s  wasted o r  w i thout  carcinogenic po ten t i a l .  

are c e l l  s t e r i l i z a t i o n ,  if one assumes t h a t  dead c e l l s  can no t  con t r i bu te  t o  

carcinogenic po ten t i a l ;  o r  m u l t i p l e  s t e r i l i z a t i o n  o f  the  same c e l l ,  i f  one 

assumes t h a t  wh i l e  a s t e r i l e  c e l l  may increase carcinogenic po ten t i a l ,  

dup l i ca te  s t e r i l i z a t i o n  leads t c  no f u r t h e r  increase. 

example i s  the  r a d i a t i o n  wasted i n  exposures subsequent t o  induc t ion  o f  an 

autonomous cancerous l es ion  by a chronic exposure. 

intended t o  be exhaustive. The p o i n t  i s  t h a t  the hypothesis under ly ing the  

use of the  concept should be d i f f e ren t i a ted  t o  d i s t i ngu ish  i t s  meaning i n  a 

p a r t i c u l a r  case. 

hypothesi t i  ng and proving c e r t a i n  exposure s i t ua t i ons  t o  be w i  thout  carcinogenic 

po ten t i a l ,  one could, i n  p r i n c i p l e ,  q u a n t i t a t i v e l y  modify the previous concern, 

Examples 

The most f requent  

This l i s t  i s  obv ious ly  not  

By invok ing the  no t ion  o f  "wasted rad ia t ion , "  and by 
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by, for  instance, showing that  vir tual ly  a l l  of the energy was without 

carcinogenic potential. Given the s t a t e  of uncertainty surrounding both 

tissue function and radiation carcinogenesis , it  seems doubtful that  such 

an approach can make a significant contribution t o  hazard evaluation. More 

sensibly, i f  one knew the risk one could probably infer  something about the 

appropriate conceptualization of wasted radiation and carcinogenesis. 

The following excerpt taken from "The Effects on Populations of 

Exposure t o  Low Levels o f  Ionizing Radiation," Report of the Advisory Committee 

on the Biological Effects of Ionizing Radiation, NAS/NRC, summarizes the s t a t e  

of know1 edge concern1 ng the causation of cancer (emphasi s added) : 

"A1 though the mechanisms o f  carcinogenesis, or of 
radiation carcinogenesis i n  particular,  are  not fu l ly  
known, available information implies that  most, i f  not 
a l l  , types of cancer develop as a resul t  of the combined 
effects  of mu1 t i p l e  factors.  These causative factors 
may include: 
chromosomal aberrations, which can spread during 
development t o  many kinds of ce l l s ;  somatic cel l  mutations 
or  chromosomal abberations, which can be acquired a t  
any time a f t e r  conception; changes resulting from the 
action of v i  ruses; and changes i n  systemic growth factors 
(e.s., depressed immune competence, hormonal imbalance) 

prezygotic (inherited) mutations o f  

and-in local tissue regulation (disorganization, damage), 
such as may resu l t  from diseases other than cancer or  
from advancing age. 

"A1 t h o u g h  point mutations, chromosomal abberations, 
and other changes a t  the cel lular  and molecular level 
may require only small doses, t issue disorganization and 

ross disturbances i n  physiology are unlikely without 
Tarqer doses. 

"Of  the many types of changes which radiation can 
cause i n  c e l l s  or t issues,  none is  considered t o  be 
un ique  for radiation. Many, i f  not  a l l ,  such changes 
can presumably result from a variety of other agents." 

T h i s  summary view on carcinogenesis does not  conflict  w i t h  the ideas leading 

to  the conclusion reached ear l ie r ,  that f ic t i t ious  dose averaging to larger 

tissue masses need n o t  be conservative. The possibil i ty of various modes 

n 
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of carcinogenesis, including t issue disrupt,sn,  i s  acknowledged. 

the number of causative factors proposed i s  a measure of the considerable 

range of hypotheses available t o  describe experience. 

In particular,  

Disease profiles are highly species specific.  Cancer i s  no exception. 

Gross characterist ics are obviously highly species specific also. A r a t  and 

a mouse are  d is t inc t  and ye t  morphologically are very similar. 

tissue differences are art iculated o u t  through subtly different  informational 

coherences amongst cell  populations, - the collective behaviour being phased 

ultimately, by a biochemical dialogue between cel l  neighborhoods whose 

functional potential is  genetically moderated. 

unnecessari ly , - cancer prof i les are species specific; gross characteri sti cs 

and, of course, genetic material are also species specific.  

carcinogenesis collective de tun ing  o f  t issue by t issue disruption seems as 

acceptable an origin for  the t issue ins tab i l i t i es  of cancer as does an 

isolated single ce l l  event involving the cell's genetic material. 

not t o  say tha t  t issue di srupti on i s  a necessary condition for  carci nogenesi s , 
or  even a suff ic ient  one w i t h o u t  some specific qualifications.  

The gross 

Not t o  belabor t h i s  p o i n t  

In h i g h  dose 

T h i s  i s  

* * *  

Return now to  the problem of risk estimates associated w i t h  radioactive 

particulates i n  human lungs .  

has been general, and has been aimed a t  showing that  there was no inherent 

conservatism i n  the tissue averaging method of estimating cancer risks, and 

that  moreover the method could be f a r  from conservative. 

could as well be applied t o  lymphatic t issue o r  t o  bronchial t issue.  

Most of what has been said e a r l i e r  i n  this comment 

The conclusion 

Having th i s  background, notice that  human lung t issue has a well known 

carcinogenic potential under a number of si tuations,  including exposure t o  
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ionizing radiations; and that  i n  the Hanford dog study induction of lung 

cancer was observed a f t e r  exposure t o  plutonium aerosols. These are a 

suff ic ient  basis t o  establish plutonium induced l u n g  cancer as a legitimate 

concern for  humans. 

The following i s  a review o f  the off ic ia l  guidance for  estimating 

the carcinogenic effects  from exposure to  radioactive particulates: 

"(210) The NCRP has a rb i t ra r i ly  used 10% of  the 
volume of the organ as the significant volume for  
irradiation of the gonads. 
which choice o f  a s i g n i f i c a n t  volume o r  area i s  
vir tual ly  meaningless. For example, i f  a single 
par t ic le  of radioactive material fixed i n  e i ther  
lung  or  lymph node may be carcinogenic, the averaging 
o f  dose ei ther  over the lung, or one cubic centimeter 
may have l i t t l e  t o  do w i t h  the case. Use o f  
significant volumes or areas must be looked on as 
one of the round off devices which i n  special cases 
must give way t o  detailed study." 

There are some cases i n  

NCRP Report #39 
Basic Radiation Protection Criteria 
January 15, 1971. 

"(20) In the case of non-homogeneous distribution 
of absorbed dose i n  the l u n g ,  an estimate o f  the Dose 
Equivalent t o  the whole lung, determined merely by the 
product of 0 F and the mean absorbed dose, may be 
greatly i n  error,  b u t  our f u l l  understanding of this 
problem must await further experimental evidence. 
In the meantime there is  no c lear  evidence t o  show 
whether, w i t h  a given mean absorbed dose, the biological 
risk associated w i t h  a non-homogeneous dis t r ibut ion i s  
greater or less t h a n  the risk resulting from a more 
diffuse d i s t r i b u t i o n  of that  dose i n  the l u n g . "  

ICRP Publication 9 
Recommendations o f  the 
International Committee 
on Radiological Protection 
(adopted September 17, J965). 
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"41. On t h e  bas i s  o f  general  cons ide ra t i ons  and 
o f  some exper imental  data and c l i n i c a l  exper ience t h e  
Task Group were of  t h e  op in ion  t h a t ,  f o r  l a t e  e f f e c t s ,  
t h e  same r a d i a t i o n  energy abso rp t i on  m igh t  w e l l  be l e s s  
e f f e c t i v e  when d i s t r i b u t e d  as a s e r i e s  o f  "ho t  spots"  
than when u n i f o r m l y  d i s t r i b u t e d .  
r a d i o a c t i v e  sources w i t h i n  a t i s s u e ,  a mean t i s s u e  dose 
would probably  i n t roduce  a f a c t o r  o f  safety .  'I 

Thus , w i t h  p a r t i c u l a t e  

I C R P  P u b l i c a t i o n  14 
Rad ia t i on  S e n s i t i v i t y  and 
S p a t i a l  D i s t r i b u t i o n  of Dose 
( P u b l i c a t i o n  14 appears as a 
r e p o r t  o f  two Task Groups, 
and n o t  as t h e  o f f i c i a l  
recommendations o f  t h e  ICRP.  9 

The recommendations o f  the Nat ional  Counci l  on Rad ia t i on  P r o t e c t i o n  and 

Measurement s e t  f o r t h  i n  Report  #39, and t h e  recommendations o f  t h e  

I n t e r n a t i o n a l  Commission on Rad io log i ca l  P r o t e c t i o n  s e t  f o r t h  i n  ICRP 

P u b l i c a t i o n  #9, a r e  s p e c i f i c  i n  o f f e r i n g  no e x p l i c i t  guidance. 

guidance in tended i n  these recommendations would seem t o  bear most d i r e c t l y  

on t h e  va l id i t y  o f  e x i s t i n g  standards when a p p l i e d  t o  h i g h l y  inhomogeneous 

exposures. 

Any i m p l i c i t  

The t h i r d  c i t a t i o n  taken from ICR? P u b l i c a t i o n  #14 i s  a r e p o r t  o f  

an I C R P  Task Group and i s  n o t  in tended t o  p rov ide  d i s p o s i t i v e  o f f i c i a l  

guidance. 

i nconc lus i ve  w i t h o u t  some q u a n t i t a t i v e  d e f i n i t i o n .  

p a r t i c u l a t e s  as they pass t o  s u f f i c i e n t l y  h i g h  a c t i v i t i e s  must become 

e n e r g e t i c a l l y  i n e f f i c i e n t  carcinogens. That, however, i s  n o t  i n  i t s e l f  an 

i n t e r e s t i n g  i ssue .  

The d i scuss ion  t h e r e  i s  use fu l  commentary, b u t  i s  c o n d i t i o n a l  and 

C e r t a i n l y  alpha-emi t t i n g  

Wi th regard t o  the  p r e v i o u s l y  c i t e d  method o f  r i s k  e s t i m a t i o n  based 

on dose averaging, suppor t i ng  re fe rence  i s  o f t e n  made t o  t h e  Hanford beagle 

exper ience. 

such arguments : 

The f o l l o w i n g  statement taken from WASH-1585 i s  t y p i c a l  o f  
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"The average dose approach leads t o  estimates comparable 
t o  those of Gavankar following Thompson e t  a1 based on 
linear non-threshold extr3gglation of observations on 
beagle dogs administered Pu02 aerosols." 

The observations on beagle dogs deserves separate consideration. 

I t  requires unnatural optimism t o  extract reassurance from the results 

of the now completed Hanford beagle experiment. Dogs were given in i t ia l  
239 Pu O2 burdens i n  the microcurie range. By nine years post-exposure the 

lung cancer response was virtually saturated and mu1 t icentric origins were 

noted i n  some dogs. 

microcuries died of pulmonary insufficiency w i t h i n  4-1/2 years. Twenty-one 

dogs survived for more t h a n  4-1/2 years, and only one of these d i d  n o t  

exhibit lung cancer a t  death. A relationship observed between in i t ia l  l u n g  

burden and time t o  death with cancer has been often used t o  infer a threshold 

burden below which no l i f e  shortening of dogs would be expected. 

results are usually exhibited on a log-log graph which obscures virtually a l l  

differential detail. Most importantly, recognize the nature of the experiment, 

i .e. ,  the lung burdens were large, the results were saturated, and the number 

of animals was small. The crude relationship observed between in i t ia l  lung 

burden and time of death with lung cancer does not  necessarily imply t h a t  a 

threshold burden exists for beagles. Quite t o  the contrary, the range of 

exposures above the inferred threshold burden may be interpreted as a region 

of saturated carcinogenic response, t h a t  i s  a burden regime i n  which lung 

cancer induction in a beagle population approaches 100% dur ing  a normal l i f e  

span. 

t o  the burden, through a population depletion effect, rather than through 

a burden dependent latent period. 

cancer would be anticipated a t  lower burdens. 

the extensive observations i n  "Toxicity of Radium-226 in Mice" (IAEA-SM-118/11), 

Those receiving la rger  l u n g  burdens greater than 10 

These 

The point i s  t h a t  the observed time t o  death i s  more likely related 

In  the former interpretation appreciable 

This i s  again consistent w i t h  
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M. Finkel, e t .  a l . ,  of radioisotope-induced bone tumors i n  mice, which support 

the i r  interpretation that  " la tent  period is  constant and that  the apparent 

relationship between increasing dose and decreasing time to  death w i t h  tumor 

is  due t o  the effects  of dose-level on survival and on tumor expectancy." 

The significance of the Bair beagle experiment i s  that  i t  demonstrates 

carcinogenic potential i n  bronchiolar-alveolar t issue of beagle dogs a f t e r  

the i r  having been exposed t o  microcurie quantities of plutonium. Cancers 

were observed i n  conjunction w i t h  f ib ro t ic  lesion. 

* * *  

The domain of t h i s  comment is  broadened here i n  order to  summarize a 

specif ic  concern w i t h  p l u t o n i u m ,  and certain other active alpha-emitters, 

such as U-233. Under a number of circumstances plutonium fornis aerosols. 

The physical character of these aerosols i s  such that  on inhalation by humans 

they a re  preferentially deposited i n  deep respiratory t issue.  

slow clearance and because of their  insoluble character, par t ic les  may 

experience long residence times i n  t issue.  

the aerosol i s  usually associated w i t h  particles suff ic ient ly  large t h a t  

small b u t  physiologically significant volumes of tissue will be exposed t o  

intense (i .e.,  doses that  i f  given whole body would be organism le tha l )  

radiation doses within a meaningful physiological time. Studies of the effects  

of intense local radiation t o  s k i n  indicate that  despite the near mitotic 

s te r i l i za t ion  of the involved t issue,  an  enhanced carcinogenic response may 

occur, i n  the sense that  energy dissipated i n  a limited volume may be f a r  

more carcinogenic than i f  the same type of radiation were t o  diss ipate  i t s  

energy over a much larger t issue mass. 

of cer ta in  classes of plutonium lead t o  exposures that  have enhanced 

carcinogenic potential? 

Because of 

An appreciable mass fraction o f  

The question i s  then: do particulates 

If they do ,  then present standards can be i n  error 
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by o rde rs  o f  magnitude. 

N o t i c e  Enat t h e  emphasis here i s  on t h e  anomalous hazard associated 

w i t h  a s i n g l e  p a r t i c l e ;  and t h a t  i f  any th resho ld  i s  re levan t ,  i t  i s  n o t  a 

dose t h r e s h o l d  s ince  l o c a l  exposures a r e  large,  b u t  r a t h e r  a p o s s i b l e  

vo lumet r i c  t h resho ld  t h a t  must be exceeded by t h e  phys i ca l  e x t e n t  o f  t h e  

exposure. 

c o n s t i t u t e s  a very spec ia l  case o f  t h e  low exposure problem. 

Plutonium, as an i n s o l u b l e  aerosol- forming, l o n g - l i v e d  a lpha-emi t ter ,  

* * *  

A p lu ton ium i n d u s t r y  has e x i s t e d  f o r  more than two decades. By t h i s  

t ime  t h e r e  must be a s i g n i f i c a n t  h i s t o r y  o f  human exposure. Consider ing 

t h e  e a r l y  r e c o g n i t i o n  o f  p lu ton ium's t o x i c i t y ,  and i t s  obvious p o t e n t i a l  

f o r  niuch expanded commercial use, t h e  occupa t iona l l y  exposed popu la t i on  must 

o r  should have been c l o s e l y  fo l lowed.  

s ince  1968. 

A pluton ium r e g i s t r y  has e x i s t e d  

An acceptable way t o  make l i m i t i n g  est imates o f  cancer r i s k s  

would be t o  argue conserva t i ve l y  f rom pas t  human experience. 

t h e  e x t e n t  o f  p a s t  experience, t h e  open l i t e r a t u r e  conta ins r e l a t i v e l y  l i t t l e  

d e t a i l e d  i n f o r m a t i o n  on t h e  h i s t o r y  of humans f o l l o w i n g  p lu ton ium exposure. 

Whi le 1 am no ep idemio log i s t ,  i t  i s  c l e a r  t h a t  t he  e x i s t i n g  l i t e r a t u r e  i s  an 

inadequate base f o r  r i g o r o u s  argument i n  support  of e x i s t i n g  standards. 

Statements a f f i r m i n g  t h a t  t h e r e  have been no recorded cases o f  human cancer 

as a r e s u l t  o f  p lu ton ium exposure must obv ious l y  be q u a l i f i e d  by suppor t ing 

epidemio log ica l  a n a l y s i s  o f  human experience. 

seen an e f f e c t  would be a l o g i c a l l y  s t e r i l e  observat ion,  i f  one had n o t  looked, 

Consider ing 

I n  t h e  l i m i t ,  n o t  t o  have 
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In the absence of such necessary argument, one is  l e f t  w i t h  an 

obligation, through public health t radi t ions,  t o  more conservative and 

defensible methods of evaluating the cancer risks of alpha-emitting particulates.  

For this reason I commend t o  your attention, "Petition t o  Amend Radiat ion 

Protection Standards as They Apply to  Hot Particles." i n  the Matter of 

RADIATION PROTECTION STANDARDS AS THEY APPLY TO HOT PARTICLES brought before 

the Environmental Protection Agency and the Atomic Energy Commission by the 

Natural Resources Defense Council, Inc., on February 14, 1974, and the supporting 

report of Arthur Tamplin and Thomas Cochran. 

The hypothesis developed there i s  sc ien t i f ica l ly  respectable and 

represents a state-of-the-art ,  conservative basis for  public health judgments. 

I believe that  a responsible joining of the public health and sc ien t i f ic  

issues would be accomplished by having any reduction i n  the conservative 

guidelines proposed there be argued from compelling refutation of the hypothesis, 

or from epidemiological studies of human experience. 

WASH-1320, "A Radiological Assessment of the Spatial Distr ibut ion of 

Radiation Dose from Inhaled Plutonium, September 1974," I take t o  include a 

reasonable review of the sc ien t i f ic  experience bearing on those two points. 

I do n o t  f i n d  the material presented there a compelling refutation t o  the 

h o t  par t ic le  hypothesis, as a possible mode of carcinogenesis. By wopic 

and exclusive attention to  the dis joint  sc ien t i f ic  experience tha t  i s  available, 

WASH-1320 has obscured the sea of uncertainties i n  which these fragments of 

information are  immersed. Moreover, I was disheartened that  i t s  discussion 

of human experience gave no new definit ion t o  that  evidently limited body of 

knowledge. The aerosol characterist ics associated w i t h  the early Los Alarnos 

exposures were conjectured there, w i t h o u t  any general discussion of possible 6d 
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aerosol characteristics. Consequently, the relationship of the subsequent 

analysis t o  the validity of the hot particle hypothesis becomes similarly 

speculative, particularly when one remembers t h a t  many of the subjects were 

believed to  have had a recovery area exposure t o  some form of plutonium solute. 

To qy mind the most significant observations i n  WASH-1320 were those 

associated w i t h  the recently completed Los Alamos experiment on Syrian 

hamsters. 

observed i n  conjunction w i t h  the plutonium microspheres. 

contiguous t o  these particles were sufficiently irradiated to  be mitotically 

s te r i le ,  and their apparent continued function and structural integrity for 

the lifetime o f  the animal raises the question o f  what are the appropriate 

time scales for the cells i n  lung tissue, and the question of how such 

necessarily s te r i le  tissue would react t o  an overt stress such as a virus 

infection. 

t h a t  the response of lung tissue t o  particulate rad ia t ion  i s  poorly understood. 

especially when considered in conjunction with Li t t le ' s  experiments with 

Po2'' showing a h i g h  incidence of bronchiolar-alveolar cancer i n  the same 

species. I t  i s  my recollection t h a t  the cancers of this type observed by 

Litt le and by Bair (beagles) were generally located i n  the peripheral region 

o f  the l u n g .  

th roughout  the capillary matrix of the lung, I can not say whether these 

I t  appears anomalous t h a t  virtually no lesions of any sort were 

Certainly the cells 

In p o i n t ,  the Los Alamos hamster experiment confirms the opinion 

Not knowing the distribution of the Los Alamos microspheres 

observations are o f  any possible assistance i n  reconciling the experiments. 

Another concern i s  t h a t  the imaginative technique o f  exposure used i n  the 

Los Alamos experiment may, i n  fact ,  have produced a particulate exposure 

t h a t  was too  s ta t ic .  

Finally, I would like t o  commend t o  your attention Dr. Martell's n 
research on the potential health effects of ambient alpha-emitters (see his 
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testimony before this Panel). 

that  work more than t o  say his hypothesis concerns a different par t ic le  size, 

different target tissues different mechanisms o f  carcinogenesis, and hence 
i t  is  dis joint  from the h o t  par t ic le  hypothesis even though i ts  implications 

t o  plutonium guidelines may n o t  d i f fe r  substantially. 

I t  would be presumptuous of me t o  comment on 

* * *  

The preceding discussion has no pretensions of being a comprehensive 

discussion of the health hazards associated w i t h  plutonium. 

purport to  do, i s  examine some of the significant uncertainties that  bear on 

evaluation of those hazards, and t o  suggest a framework i n  which such 

considerations can be conservatively incorporated into public health 

considerations . 

What i t  does 

Despite much sc ien t i f ic  e f for t  the mechanisms underlying carcinogenesis 

are not understood, and radiation-induced carcinogenesis i s  no exception. 

Radiation exposure from plutonium particulates i s  highly inhomogeneous and 

diverse. The carcinogen 

humans. 

Present standards 

o f  a uniform exposure by 

an assumption is  manifes 

c potential from such exposures i s  poorly known for  

f o r  plutonium exposure are based on the assumption 

this material. 

l y  erroneous; and as a basis for  making public 

For exposure by particulates such 

health decisions regarding the hazards associated w i t h  particulate exposures, 

the assumption may be f a r  from conservative. Human experience w i t h  plutonium 

appears to  be insufficiently documented to  provide conclusive epidemiological 

support for  existing standards. 

Plutonium is being considered as a major energy source for the near 

future. If i t  becomes a comon element i n  commerce, the guidelines specifying 
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i t s  con t ro l  acquire profound pub l ic  heal th  s ign i f icance.  

determination on those standards i s  the judgment o f  how s c i e n t i f i c  

uncer ta in t ies  r e l a t e  t o  pub1 i c  hea l th  decisions. 

and i r r e v e r s i b i l i t y  o f  t h i s  dec is ion I would suggest t h a t  a l eg i t ima te  basis 

f o r  es tab l i sh ing  standards would be the most conservative hypothesis 

consis tent  w i t h  s c i e n t i f i c  experience. For t h i s  basis the hot  p a r t i c l e  

hypothesis o r  the Martel 1 hypothesis commend themselves f o r  care fu l  

cons i dera ti on. 

Beneath the 

Considering the g r a v i t y  

* * *  

Donald P. Geesaman 
Associate Professor 
School o f  Pub1 i c  A f f a i r s  
Un ivers i ty  o f  Minnesota 
M i  nneapol i s  , M i  nnesota 

P 
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A N  ANALYSIS OF THE CARCINOGENIC RISK 

DEPOSITED IN DEEP RESPIRATORY TISSUE 
FROM AN INSOLUBLE ALPHA-EMITTING AEROSOL 

Abstract 

This paper is concerned with evaluating 
t h e  carcinogenic r i s k  from an insoluble 
alpha-emitting aerosol deposited in deep 
respiratory tissue. Pulmonary deposition 
and clearance a re  described; and relevant 
t imes,  lengths and geometries a re  noted 
in order to construct a simple model of 
deep respiratory tissue. pU23802 and 
pU23902 a r e  taken a s  representative aero- 
sols in making quantitative estimates of 
tissue exposure and response. While no 

realistic evaluation of the total carcino- 
genic risk is accomplished, the results 
a r e  such as  to clarify the nature of the  

problem, In particular, if the loss of mi- 
totic competence by a local cell population 
is sufficient to guarantee no origin of can- 
c e r  within that population, then the carci- 
nogenic r i sk  from particulate sources does 
not scale to the total energy dissipated. 
To say what dose characteristics a re  sig- 
nificant to the riskwould require an accu- 
rate knowledge of clearance, local shielding 
responses, and the mechanisms of cancer 
induction. In the absence of this detailed 
knowledge the suggested course i s  an 
experimental determination of the number 
of source particles p e r  induced cancer.  

Introduction 

The possibility exists that significant 
quantities of insoluble radioactive aerosols 
will be accidently released into the atmo- 
sphere. Inhalation of these aerosols by 
a population will involve some carcino- 
genic risk. 
attempt to understand and evaluate that 
r i s k .  

This work arose out  of an 

A general appraisal of the problem is 

closely related to several mechanisms 
and phenomena. In order to achieve a 
desirable level of completeness, gross 
and niicroscopic structure and function 
of the lung a re  briefly describcd relative 

-1- 

to the questions of pulmonary deposition 
and clearance .* Relevant characteristic 
times and lengths a re  noted and used in 
constructing a simple model of lung struc- 
ture and function in the deep respiratory 
zone. The alpha-emitters, Pu23802 and 
Pu23902.  are taken a s  representative aero- 
sols'":' in making quantitative estimates of 
tissue exposure and response. While no 
realistic evaluation of the total carcinogenic 

'The material for  this description i s  

References 3 and 4 deal specifically 
principally derived from R e f .  1 and 2 .  

with the clearance of Pu02 aerosols. 

.*,.a, .,. .,. 
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r i s k  is accomplished, some results are  
obtained which clarify the nature of the 

problem and suggest the specific a reas  
of interest in future study. 

Pulmonary Deposition 

Knowing the characteristics of an aerosol, numan respiratory tree along with the asso- 
ciated lengths, diameters, velocities and 
branching numbers. For a given aerosol 
the principal mechanism of deposition wil l  
vary among different regions of the lung. 

i.e., the size, geometry, density and concen- 
tration, it i s  then possible to make a reliable 
estimate of the deposition in the respiratory 
airways. Figure 1 shows in schematic a 

Vig. 1. The respiratory tree ,  schematic drawing and approximate descriptive values 
(compiled from Refs. 1 and 2). 

-2-  
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In the upper respiratory tract ,  i. e. 
nose-pharnyx-trachea, inertial  deposition 
is dominant. It occurs  when an airway 
branches or changes direction, and the 
flowing air is unable to act  on the particle 
with sufficient force t o  cause i t  to follow 
the flow pattern; consequently the particle 
pers is ts  in the original direction of motion 
until it s t r ikes  the wall of the airway and 
adheres. This mechanism is especially 
effective when aerosols are dense, flow 
speeds are large, and airways are tortuous. 
These conditions exist in the nasal cham- 
bers where the removal of large particles 
ie accomplished. 

In the lower respiratory airways grav- 
itational settling accounts for most of the 
deposition. It is important when the res- 
idence time in an air duct is such that 
the distance a particle fa l ls  in that t ime is 
of the order  of, or greater  than, the 
vertical s ize  of the duct. Because the total 
duct cross-section increases  enormously 
in the deeper respiratory airways, the 
flow velocity becomes commensurately 
smaller, hence residence t imes are long 
and the deposition condition is satisfied i n  
the deep respiratory zone (DRZ) for 
micron-sized particles. 
that when the tidal air finally reaches the 
alveoli i t s  velocity is almost zero  and i t  
moves nonturbulently into the expanding 
alveolar space, simply following behind 
the stagnant air. 

It is worth noting 

For submicronic particles, deposition 
by Brownian diffusion is significant. Since 
the diffusion amplitudes for the residence 

times involved are generally small  com- 
pared t o  the duct dimensions of the ves- 
tibular airways, the mechanism is only 
important for submicronic particles enter- 
ing the stagnant alveolar air spaces where 
residence t imes are large. 

It is easy to identify these effects in Fig. 2, 

which shows the percentage deposition of a 

plutonium oxide aerosol as a function of 
s ize .  Note the maximum around 0.75 i n  
the deep respiratory zone branch. While 
the general s t ructure  of the deposition 
curves is typical, there  will be some curve 
displacement and variation in  shape for 
aerosols of different density and geometry. 

100, I I  I l l  1 1  

Total respirotory system - 

0.1 1 .o 
Particle size in microns 

Fig. 2. Pulmonary deposition curves for 
a Pu02 aerosol. (reproduced 
from HEALTH PHYSICS 13; 881, 
1967 by permission of the 
Health Physics Society, af ter  

. Fig. 6 of Mann and Kirchner (5). 

Figure 2 should have been replaced by i t s  improved counterpart i n  the 
Report of the ICRP Task Group on Lung Dynamics i n  Health Physics, 12:173 (1966). 
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Pulmonary Clearance 

Once a particle is deposited in the 
r e sp i r a to ry  t r ac t  i t s  fate depends p r i n d -  
pally on i t s  locality. 

terminal bronchioles upwards are ciliated, 
and a mucoua coat is propelled up the 
t r ac t  with a velocity of the o rde r  of 1 

cm/min, though the velocity in the smaller  
bronchi is somewhat reduced from this  
value. 
coat a r e  usually removed to  the mouth in 
a matter  of an hour. 

In the deep respiratory zone the ducts 
are not ciliated; there  is, however, a 
thin mucoid coat on all air t issue surfaces 
and macrophages adhere to the alveolar 
walls. It is thought that particles deposited 
in this  region are ingested by macrophages 
and that most  of these cells then detach 
from the alveolar wal l  and a r e  removed in 
some poorly understood way to the mucous 
blanket of the terminal bronchiole. This  
t ransfer  is not believed to be accomplished 
by actively directed macrophage motion, 
as no t ropism has been demonstrated. 
Possibly the mucous movement in the 
terminal bronchiole induces, th rough 

viscosity, a slow flow in the mucous coat 
of the deep respiratory zone in much the 
way that a r ive r  would disturb a backwater. 
It is more likely, however, that the motion 
of the mucous-covered alveolar walls 
during breathing is such that i t  a c t s  to  
pump surface debris  out of the alveoli. 
Whatever the mechanism, there  is ob- 
served a fairly rapid phase of clearance 
from the region. 
process  is of the order  of a few days, 
though this  depends on the magnitude of 
the lung burden. For small burdens the 
r a t e  of clearance seems  to increase with 

Airways from the 

Particles residing on this  mucous 

The half-life for this 

-4- 

the burden, a t  l a r g e r  burdens the response 
is saturated and the clearance mechanism 
is less effective. 

A much slower clearance is also ob- 
served f rom this  region; it has  a t ime 
scale of 100's of days.3 Again the p rocess  
is not well understood; i t  is assumed that 
some par t ic les  are rendered s ta t ic  i n  the  
deep respiratory zone of the lung, and a 
few of these are occasionally mobilized, 
a t  which t ime they may be susceptible to 
the usual clearance path. T h e  mechanism 
of immobilization is conjectured t o  be 
macrophages that, for some unknown rea- 
son, do not detach after ingestion, and 
instead remain a t  the site, proliferating 
and developing a supporting s t ructure  of 
connective tissues. These anomalies, 
called plaques, tend t o  appear  in regions 
that because of s t ructure  or injury are 
more rigid, for example, where a n  alveolus 
opens into a r e sp i r a to ry  bronchiole. 
plaques a r e  rigid s t ruc tu res  and hence tend 
t o  immobilize the surface s t i l l  more, which 
is likely to  further reduce the effectiveness 
of the clearance mechanism for that vicinity. 
The association of plaques with s ta t ic  
regions in the alveolar w a l l  tends t o  bear 
out the idea that t he  normal  clearance of 
the deep respiratory zone is supported by 
the excursions of the alveolar wall. It 
does not, however, ru l e  out the induced- 
flow explanation of clearance. and in fact 
the two mechanisms may complement each 
other. The la ter  release of par t ic les  is 
taken t o  occur when macrophage death 
within the plaque a l l o w s  the release of a 
fraction of the ingested particles. 

Some particles find their  way into the 

T h e  

pulmonary lymph nodes. Though a few 
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niny actually penetrate directly into the 
interstitium in regions where the capillary 
network is relatively diffuse, most of the 
lymph burden derives from the plaques 
which cause the adjacent alveolar walls 
to lose their capillaries and basement 
membranes, thus making it possible for 

a ruptured cell in the plaque to empty 
some of i ts  contents directly into the inter- 
stitial space from where it finds i t s  way 
to the lymph node. 
this clearance i s  observed to be the 

The time scale for 

same a s  slow pulmonary clearance to the 
outside. whichis consistent wi th  the ex- 
planation. 

With this description of clearance, 
characteristic scales can be assigned to 
particles experiencing the various phases 
of clearance. These a r e  given in Table 1. 

Because of their potentially long residence 
times, radioactive particles i n  the deep 
respiratory zone constitute an unusual 
risk. 
I want to describe. 

This is the particular problem that 

Table I. Characteristic scales of pulmonary clearance. 
Length Time Velocity 

Upper respiratory clearance -25 cm -112 h r  -1 cm/rnin 
Fast  DRZ clearance 

(moderate burden) - 2 m m  - 2 days -1 mm/day 

Slow DRZ clearance 0 -500 days 0 

Deep Respiratory Zone Geometry 

To obtain some notion of the bulk nature 
of a lung, refer l o  Table I1 showing the 
fractional composition by volume of typi- 
cal  human lung at three-fourths maximal 
inflation. Renormalized values compati- 
ble with half-maximal inflation are  includ- 
ed in the table. 
about 80%. a i r  and that most of this is  in 
the alveoli and their vestibular a i r  spaces. 
This should give some appreciation of 
the porous and sponge-like character of 
an inflated lung. 
gross volume is made up of sac-like 

8 .  alveoli, about 10 i n  total, clustered 
about airways which have undergone from 
one to seven branchings between the 
terminal bronchiole and the alveoli. 
Many different clusterings occur, but all 
achieve the same effect; that is ,  close 

Notice that the lung is 

Ninety percent of the 

packed alveoli sharing the same thin walls, 
and ventilated by a set of vestibular a i r -  
ways with approximately one-half the 
alveolar volume. 
presented geometrically a s  a truncated 
sphere; collectively they can be pictured 
a s  a honeycomb-like structure wrapped 
around a duct. 
branched or alveolated a s  to have no 
internal surface. 

An alveolus is best r e -  

The ducts a r e  generally sci 

Table I11 gives some idea of the di- 
mensions involved with the DRZ geometry. 
These will vary somewhat in other species 
because the alveolus size is an inverse 
function of the organism metabolic rate. 
For my purposes it was sufficient to r e -  
gard the deep lung tissue a s  a cubical 
lattice characterized by the length of a 
side, d, and a wall thickness, r. These 

-5-  
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DRZ 

Table 11. Fractional composition of a human lung at  three- 
quarters  and one-half maximum inflation. * 

Three-quarters maximum inflation 

Air i n  alveolar ducts and 

respiratory bronchioles 

A i r  in alveoli 
Epithelial 0,009 

Interstitial 0.012 
Endothelial 0.009 [ Blood barr ier  

Capillaries 
- Pre-  and post-capillary 

DRZ 

0.1 

0.29 
0.54 

0.03 

0.03 

0.01 

A i r  in alveoli 

Blood barr ier  

0.90 

One-half maximum inflation** 

Connective and conductive structures 0.14 - 7 
in alveolar ducts and 

respiratory bronchioles 

[pithelial 0 . 0 1 1  

Interstitial 0.01 6 
Endothelial 0.012 

0.27 
0.49 

0.04 0.86 

0.042 
0.014 1 1 Pre -  and post-capillary 

Capillaries 

* 
** This portion of the table is taken from Ref. 2 .  

Renormalization of the data for three-quarters maximum inflation. 

Table 111. Characteristic sizes (in microns) 
in the DRZ. 

Alveoli 200 - 300 
Alveolar duct 200 

Respiratory bronchiole 500 X 1500 

Alveolar scpt urn 3 - 10 

values can be chosen in a way that is 

compatible with DRZ densities, since this 
is the crucial parameter for determining 
the range of ionizing radiation. iVhen 
this is done for the average lung data 
(sec Appendix I )  the results a r e  d = 200 ji, 

r = 8 p  at one-half maximum inflation; and 
d = 230 ji. r = 6 cc at three-fourths maxi- 
mum inflation. 

In the lattice model the wall i s  treated 
a s  being elastic and uniform i n  thickness; 
in fact it i s  corrugated on length scales of 

a few microns. This structure primarily 
derives from distensions associated with 
the capillary mesh i n  the wal ls .  
length scales of the radiation problem a r e  
sufficiently large tha t  the approximation 
of uniform walls should have no appreciable 
con s eq 11 en ce s . 

The 

- 6 -  
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Tissue Exposure 

To see what kinds of volumes a r e  ex- 
posed by a radioactive source consider a 
1-1 particle of Pu23802  embedded i n  the 
lattice. From Fig. 2 this size is nearly 
optimal for deposition in the deep respira- 
tory zone. Pu238 emits 5.5-MeV alpha 
particles and has a half-life of 89 years. 
A particle of this size is a 60-pCi source 
and has a total alpha flux of about 200,000 
per day or  2.2 per sec. The range in 

tissue, R, of 5.5-MeV alpha is 41.5 p ;  

there is no apprccfable attenuation because 
of the size of the particle. 

Since the  range in tissue is greater than 
a septal thickness, the geometric range of 
an alpha as a function of field angle works 
out quite simply to be a s  shown in Table 
IV. The reasons for this result a r e  clear. 

Table IV. Angular dependence of the geo- 
metrical range of an alpha source 
in a cubical lattice geometry. 
(For a derivation see Appendix 11.) 

~~ ~ ~ 

D'?M 
r 

2 r  

3r 

1) Along lattice axes 
(defined by source) 

2) In lattice plane 
(defined by source) 

3) In other directions 
where r = septal thickness 

R = range in tissue 
d = cube dimension 
D = geometric range 

R > r .  

DTRd 

D'Rd 

and it is assumed that 

The geometric range D must scale l i k e  

Rd/r. and a factor of 1, 2, o r  3 must 
occur in  the denominator depending on 
whether the field direction intersects with 
1, 2, or 3 sets of the orthogonal planes 
which generate the lattice. 

Hence the exposed volume can be thought 
of a s  a sphere of radius Rd/3r, on w-hich 

c 
a re  superimposed discs of radius Rd/24 
and thickness d lying in the three 2-axis 
planes, on which in turn a re  superimposed 
a r m s  of length Rd/r and cross-section d2 
in the six axis directions. The volume 
exposed i s  just 

where the bracketed expression is the num- 
ber of alveoli in the volume, and the 3 
t e rms  are the sphere, disc and a r m  te rms  
respectively. Fo r  the lattice model and a 
source with a solid tissue range of 41.5 p ,  

the geometric range is of the order of 
1000 p (Table V), and the number of alveoli 
exposed is of the order of 100 (Table VI). 
Figure 3 shows a cross-section view of an 
exposed volume in which the included alveoli 
are all  appreciably exposed. The example 
exhibits an asymmetry of the order of d 
that can exist because of the location of 
the source within the alveolus. 

The alpha flux around the source is 
2 described by a 1/4nx geometrical atten- 

uation where x is the distance between 
source and field-point. 
large dose rate  gradients in the neighbor- 
hood of a source. The fluxes computed 
for a test source in a lattice (Table VII) 
give some idea of the intensities to which 
the tissue in the various regions is ex- 
posed. Notice'that 6 orders  of magnitude 
a r e  covered over the exposed volume, 

should not be taken too literally, but 
rather a s  a representative example of an 

This leads to 

Bear in mind that this lattice model 

f 
-7- 
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Table V. Geometric ranges (in microns) of a 5.5-MeV alpha 
source i n  a cubical lattice. 

Rd Rd - E (sphere) &disc) y ( a r m )  

1/2 maximum inflation (9 5) 335 500 1000 

3/4 maximum inflation (e = 7)  535 805 1610 

Table VI. Number of alveoli exposed by a 5.5-MeV alpha source 
in a cubical lattice model of the DRZ. 

1/2 maximum inflation (t = 5) 20 33 15 68 

64 21 138 3/4 maximum inflation (y = 7) R 53 

+-4-+-+-+-t-+ 
I 1 1 1 1 1 1  

-+-+-+-+ 
1 1 1 1 1 1 1  
t-+-+-+-+--+-+ 

'ig. 3 .  An axis plane cross-section of an  exposed volume in the lattice 
model; R / r  = 7 (three-fourths maximal inflation). 

- 8 -  
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Table VII. Alpha flux in number/p2/day. 
Distance from source 

----. 

Rd 
10 cc 3r  2 r  r 

112 inflation 1.6 X 104 1.6 X lo2 14. X 10-2 6.4 X 10-2 1.6 X 

314 inflation 1.6 X 104 1.6 X lo2 5 .6  X 10-2 2.5 X 0.62 X 

- Rd - Rd - 
--- 

exposed volume in a specific lattice geom- 
etry. It would not be representative 
in  a region where masses of solid tissue 
occur whose characteristic size i s  of the 
order of 40 JA or  more. Such masses a r e  

not usually encountered i n  the deep respi- 
ratory zone. 
infer an effective absorption length of 
Rd/3r though many excursions can occur 
to  1-112 times and rarely to even 3 times’ 
that distance. 

From the model one can 

The effect of passing to a more realis-  
tic model with airways and wall corruga- 

tions would be to increase alveolar septal 
thickness by possibly a s  much a s  3 0 1 .  
This would reduce the effective absorption 
length proportionally, but the presence of 
airways and wall  corrugations would 

increase the length of excursions, and 
for active sources such as 1-p PuZ3*O2, 
the distant alveoli exposed a r e  probably 
the most significant. In any event, the 
simple lattice model gives order-of- 
magnitude geometric numbers, which is 
all that i s  required with the present state 
of the a r t .  

Submicroscopic Structure 

In order to talk about the response of 
the exposed cell populations it is necessary 
to  say something about the tissue organiza- 
tion in the interalveolar septum. 
interfaces a r e  covered by a single epithe- 
lial layer, all blood interfaces by a single 
endothelial layer. Each has i t s  own base- 
ment membrane, these membranes usually 
adjoin each other, and the two tissues 
with their basement membrane comprise 
the thin (< 1 /.I) blood barr ier  of the r e s -  
piratory zone. The capillaries occur in 
an approximately hexagonal mesh (see 
Fig. 4 )  that occupies most of the inter- 
alvcolar septum. One can imagine that  
the nuclei of the epithelial and endothelial 
cells tcnd to congregate in the openings of 
the capillary mesh. while their thin cyto- 

A l l  air 

2 

- 9 -  

plasmic extrusions protect the adjacent 
capillary lumen. Interspersed in the 
interstitial space a r e  the septal cells, and 
the connective t issue fibers which give 
the alveoli their structural  properties, 
especially elasticity. Again they can be 
expected to concentrate i n  the  openings 
of the mesh. 

Some simple geometrical considerations 
make i t  reasonable to associate three 
endothelial cells  and two epithelial cells  
with each opening in the  capillary mesh. 
The three endothelial cells a r e  sufficient 
to cover three capillary segments and by 
associating three segments w i t h  each 
opening thc entire mesh can  be  generated. 
If one conjectures that an endothelial cell 
covers several segments then one i s  
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ment is consistent with the volume avail- 
able in the center of the mesh. Again, the 

model should not be taken too literally, 
but rather as an order-of-magnitude esti-  

\ mate of cell population densitites that i s  . -  
not incompatible with electron micrographs 
of the alveolar septum." 2' 6 D  ' There are A 

0 
3600 capillary segments in the wa l l s  of 

one alveolus.2 Since each capillary seg- 
ment is shared by two hexagons there are 
only three capillary segments countable 
with each hexagon, which implies that there  
a re  1200 distinct, but not disjoint, hexagons 
on the surface. Each of these has of the 

C 
order of three endothelial cells and two 
epithelial cells; hence the entire wall has - 3600 endothelial and - 2400 epithelial 
cells, Because this septum is shared, it 
follows that for an interior alveolus there 

\ n a r e  only 1800 endothelial and 1200 epithe- 
lial cells  per alveolus. The number of 

/ ' - 8 p  epithelial or endothelial cells  i n  a volume 
H exposed by a P u ~ ~ ~ O , ,  particle would be 

5 "  Fig. 4. The hexagonal a r ray  of the cap- of the order of 10 . (At one-half maximum 
illary mesh. 

inflation -120,000 endothelial, - 80,000 
quickly led to very complicated three- epithelial; and at three-fourths maximum 
dimensional geometries for the cell. The inflation - 250,000 endothelial, - 165,000 

two epithelial cells  a r e  sufficient to cover epithelial,) Septal cells  have been ignored; 
the two sides of the hexagon. presumably they a r e  less  numerous. This assign- 

Radiation Response of Tissue 

Knowing something about the lung geom- 
etry and the cell populations it i s  possible 

to  make some comments about the radia- 
tion response. The carcinogenic impli- 
cations of a nonuniform radiation environ- 
merit will depend on the response of cell 
populations to the local radiation field. 
Since this radiation varies over many 
orders  of magnitude i t  would not be s u r -  

prising i f  several  regimes of biological 
response were traversed. 
late radiation level and population re- 
sponse i n  a detailed way seems highly 

speculative. 
the total problem is the loss  of potentially 
cancerous cells by radiation injury. 
Barendson8' has ohserved the effect of 
ionizing radiations in the a r r e s t  of clone 

To try to re- 

A more tractable aspect of 

-10- 
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development from kidney T1 cells. 
alpha radiation he  found the cell injury 
to be irreversible with a cross-section of 
the order of that of the cell nucleus. The 
latter result is consistent with Bloom's 
observations" with proton microbeams, 
where a large dose to the cytoplasm did 
not prevent mitosis while a small dose 
to the n u c l e u s  disrupted the separation of 
chromosomes. On t h i s  basis the cross- 
section fur mitotic a r res t  by alpha radia- 
tion on lung tissue is taken by analogy 
from Barendson's observations with the 
added assumption that i n  al l  cases of 
interest the number density of chromo- 
somes in  the nuclear volume" is roughly 
equal to that in the kidney cell nuclei. 
Presumably the loss of mitotic capacity 
is sufficient to guarantee that cells a re  
not potentially cancerous, which is not 
to say, however, that the disorder 
associated with their ultimate death may 
not have some implication of enhanced 
cancer risk by creating a region of trzuma 
as a chemical irritant might do. 

The radiation is random i n  direction, 
so a Poisson distribution applies. At a 
given radiation flux the number of mitoti- 
cally fertile cells will decrease exponen- 
tially with a half-life of one over the flux 
through the effective nuclear cross- 
section. The tissue repair mechanisms of 

the organism must function on a similar 
or shorter time scale i f  the local cc?? 

population is not to be totally disrupted by 
the cumulative radiation dose. There a r e  
some c lues  to the history of lung cells 
after radiation. 
of X rays to rat  lungs and then followed 
the tissue response for one year. 
served no widespread damage for up to 
three months, at  which time some endo- 

For  

' 

Phillips l 2  gave 2000 R 

He ob- 

thelial tissue sloughed and the affected 
region filled with plasma cells and mast 
cells. 
were largely reopened o r  replaced by 
collagenous deposits. 
manifestation of injury was noticed i n  
epithelial cells. It i s  worth mentioning 
that usually the shape of the alveoli was 
undisturbed, which is probably accountable 
to the radiation indifference of the fibrous 
supporting structure. 

These observations afford some idea of 
how long a cell pers is ts  after radiation 
insult. 
cell population presents a static profile to  
radiation, and loss of mitotic capability 
should be cumulative. From Phillips' 
work it appears that for endothelial tissue 
this time is of the order of 100 days and 
for epithelial tissue a year  or more. 
Note that these times may be in fact a de- 
creasing function of doSel3 since it is 
possible that loss  of mitotic capacity may 
derive from several  injuries, each having 
a different time scale for manifestation. 
Two thousand R of X r ays  is, however, a 
sufficiently large dose that it should give 
representative numbers. 

The epithelial time is probably of 
grealer interest since the Pu23902 in- 
duced pulmonary cancers in dogs appear 
to be largely epithelial i n  b rig in.^ If 
consideration is limited to  this t i s sue ,  
Barendson's and Bloom's studies suggest 
that in regions w h e r e  there is an alpha 
flux of more than 1 per year per  cell 
nucleus cross  section the population will 
lose of the order of one-half of i t s  poten- 
tial cancer cells. 
10 counts per tissue response time per 
cell nucleus c ross  section, the population 
i s  almost wholly depleted of potential 

By six months the injured capillaries 

In this period no 

During this vulnerable time a 

If there are more than 
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cancer cells. This roughly defines the 
radiation regimes of interest for a static 

23 80 Bource. 
source embedded i n  a lattice lung at  three- 
fourths inflation, the flux at the  furthest 

2 perimeter is of the order of 90/year/(5 H) , 
where (5 ji) is taken to be a representative 
cross-section for an epithelial nucleus. 
If the response time of epithelial popula- 

tions is one year or more then an alpha 
source of such intensity should sterilize 
all populations within the exposed volume. 
At the same time the carcinogenic r i sk  

associated with intracellular damage 
should disappear a s  the tissue loses i t s  
capacity for regeneration. 

In the example of a 1-p P u  

2 

It would be useful to have an approxi- 
mate idea of the source sizes for which 
the associated radiation is  not population- 
lethal throughout the entire exposed vol- 
ume. Ignoring the attenuation of the radi- 
ation by the tissue matrix, let xep be 
defined a s  the geometric distance beyond 
which the flux i s  less than l /year / (5  pI2, 

i .e. ,  the distance inside of which 63% or 

more of the epithelial cells in a local 
population a re  rendered mitotically impo- 
tent before repair begins. This quantity 
can be related to the source strength 
and hence to a source s ize ,  s ,  which is 
taken here to be a sphere diameter. For 
Pu23802, xep lo4 s 3 f 2  where s is  in p 

Similarly, for endothelial populations, 
xen F 104 s3I2. Since in the lattice model 
of the human lung the geometric range is  
limited by the attenuation i n  tissue to 
less than 1500 p it is clear that unless 

2 

the source s ize ,  s, i s  smaller than o r  
of the order  of 0.25 p the yearly flux will 
be lethal for all ephithelial populations in 
the exposed volumes. The source size 
condition will only be slightly less strin- 
gent for endothelial populations s < 0.35 p .  

Pu239 emits alphas of similar energy 
and has a half-life that i s  approximately 
300 times longer. 

ations for Pu23802 apply with the exception 
that for equal source-strengths the source 
diameter of P u 2 3 9 0 2  will scale about 7 
times larger. 
condition will be modified to s < 1.75 p. 

Implicit in the preceding was the as- 
sumption that the source was static i n  the 
lattice for a time greater than the tissue 
repair time. If instead the source is 
supposed to be removed in a time char- 
acteristic of fast DRZ clearance, then the 
exposure time of an alveolus i s  of the 
order of one to a few days depending on i ts  
initial separation and i ts  position relative 
to the clearance path. 
with the static case it is evident that source 
intensity must scale about 100 times larger 
to produce similar damage; or equivalently 
particles whose diameters a r e  5 1 w i l l  
not be population-lethal throughout the 
whole exposed volume. With a moving 
source the exposed volume w i l l  be some- 
what more extensive, but since the distance 
traversed before reaching a ciliated a i r -  
way is only slightly greater than the geo- 
metric range, i t  is doubtful if  the exposed 
volume would increase by an order of 
magnitude. 

The previous consider- 

Hence the source size 

- 

Comparing this 

-12-  
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Implications 

Finally, does this really tell u s  any- 
thing about the carcinogenic implications 
of Pu23802 and P u 2 3 9 0 2  inhalation. Con- 
sider a particle larger than 0.25 cc that is 
immobilized i n  the deep lung tissues. 
From the geometric model of the DRZ it 
is possible to make an approximate esti-  
mate of the exposed volume. 
accept the inferred tissue-response t imes 
(admittedly tenuous), and  the model for 
cell injury by alpha radiation, then i t  
follows that in the absence of local shield- 
ing all of the epithelial populations within 
the exposed volume should be rendered 
mitotically impotent by the resident par- 
ticle, This i s  assumed to be a sufficient 
condition for no cancer induction within 
the exposed volume. With sources 
smaller than 0.25 LI the risk should i n -  
crease. 

If one can 

Next, consider the  effect of possible 
local responses. With a source as active 
a s  Pu23002 i t  may be that a macrophage 
would die shortly after ingesting a particle 
and if that i s  the case then plaque forma- 
tion would be prevented. 
source would have such a disruptive 
influence on adjacent tissue that the har- 
boring alveolus would become static and 
fill with debris. Local edema or a shell of 
denatured protein i s  conceivable. Almost 
surely something of this sort  happens and 
to a considerable degree lessens the 
source range. 
be subjected to transient radiation dose 
in the time before this local response 
occurs. For all  but the very smallest 
particles, only this transient radiation 
dose would be of carcinogenic significance, 
the rest of the emitted radiation being so 

Possibly the 

The peripheral volume w i l l  
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confined in volume a s  to have a lethal 
effect. 

Similarly the particles that a re  cleared 
quickly may produce a transient radiation 
does that i s  disrupting but nonlethal over 
part of the exposed volume. The relative 
importance of two comparable particles, 
one static and one cleared, is contingent 
on the time scale of the dose they inflict. 
This is poorly known in both cases. 

If the preceding reasoning is correct,  
Pu23802 a n d  P u 2 3 9 0 2  particles deposited 
in the deep respiratory zone of the  lung 
do not constitute a carcinogenic r i s k  

conimensurate with the total energy dis- 
sipated, The pa r t  of that energy that i s  
potentially carcinogenic i s  dependent on 
the intensity of the source and on the time 
scales of clearance and local shielding. 

While i t  i s  unrealistic to  scale the 
carcinogenic damage to the total energy 
from a static source, I doubt i f  the effects 
of radiation a r e  so well known that we 
can fix the risk from the nonstatic phases 
of the problem. The particle problem is 
somewhat unique in that: (1) there i s  
enormous variation i n  the dose level a n d  
dose characteristics to which different 
cell populations may be exposed, and (2) 
volumes involved a re  small  so that dis- 
ruptive doses a re  not necessarily organ 
fatal. 
able diversity, and I would be concerned 
that somewhere in this diversity a r e  
unanticipated resonant situations where 
the r isk i s  large compared with predic- 
tions made from line? does effect relations, 

The risk does not scale with the total 
energy from a source,  and with present 
knowledge it i s  precarious to t ry  to  

Implicit in the problem is consider- 
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d e s c r i b e  i n  a de ta i led  way t h e  re la t ionship  
between rad ia t ion  leve l  and  carc inogenic  
t i s s u e  r e s p o n s e .  I t  would seem tha t  the  a t ive ly  low t i s s u e  burdens .  Wi th  t h i s ,  a 

m o s t  r e a s o n a b l e  and  hopeful a p p r o a c h  is 
t o  a t t e m p t  a n  e x p e r i m e n t a l  de te rmina t ion  

of the  n u m b e r  of c a n c e r s  p e r  s o u r c e  p a r t i -  
cle as  a function of s o u r c e  s t r e n g t h  a t  re l -  

meaningful  e s t i m a t e  of r i s k  would be 
r e a d i l y  a c c e s s i b l e .  
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Appendix I 

Derivation of Parameter Values for the 
Cubical Lattice Model of the DRZ 

3 

The  
F r o m  Tables I1 and I11 one can infer DRZ densities of approximately 0.12 g/cm 

3 and 0.08 g/cm for one-half and three-fourths maximum inflation, respectively. 
model shoiild reproduce these densities. 

Consider a cubical lattice of side length d and finite wall thickness r, where d is 
measured between midplanes of the walls, and i t  is assumed that d >> r. If all g r o s s  
lattice dimensions a r e  large compared with d, then surface correct ions may be ignored 
and the g r o s s  lattice density is 

2 1.05 g/cm 3 X 6 d 2 i X L 3  = 1.05g/cm 3 X T ,  3r  
d 

3 where the wall density is taken a s  1.05 g/cm and the density of the remaining volume is 
taken as zero. 

2 

alveolar radius of 140 p for an assumed spherical  geometry. Th i s  implies  a radius  of 
122 u at  half maximum inflation. To choose a compatible cube dimension it s e e m s  
appropriate to require  that the associated volumes be equal, in which case 
d = 1.62 X (radius). 
the parameter values a t  d = 197 u 200 u, r = 7.7 u ? 8 fl for half maximum inflation, 
and d = 226 u 7 230 u, r = 5.8 u f 6 fl  f o r  three-fourths maximum inflation, which are 
in reasonable agreement with descriptions of the alveolus. 

At three-fourths maximum inflation of an average adult lung Weibel gives a n  

These values of d together with the density relations will fix 

-15- 
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Appendix I1 

Derivation of the Approximate Volume Exposed by a 
Point Source in a Cubical Lattice 

d s cube dimension 
r P thickness of a cube wall (septum) 
D =geometr ic  range of a source 

R H range in t issue of source 

- 

i, j, k 3 indices of the 3 Cartesian axes  centered a t  the source 
ei S angle that the direction of b makes wi th i th  axis  

m i 5 number of septal planes t raversed that are perpendicular to 
the - ith axis. 

Assume that R > r. It is approximately t rue that 

These  relations break down when one or two of the cose's become small in the sense 
that cos0 f f . Consider the various possibilities: 

Case  1. cos0 cos0 a r e  small, in which case very nearly lies along the i th j' k 
axis. Then (a) reduces to  

and since R mi r, i t  follows that 

R D = -  d .  r 

Case  2. cosOk is small, in which case b is confined to  the plane of the i th  and 
p axis. Then (a) reduces to 

m m .  
i -  J - D  - = - :  - 

cosOi cosf3. d 
J 
m. 

r+- and sincc R 2 - ' r, i t  follows that cos0 cose.  
i m 

i J 

-16- 
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Case 3. cosOi, cose., cosOk are not emall. 

R Z -  r + & r + - r. hence 
J 

Hence (a) holds and J 

mk m. m 1 

C m i  cosek 

n 
-17- 
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AN ANALYSIS OF THE CARCINOGENIC RISK 
FROM AN INSOLUBLE ALPHA-EMITTING AEROSOL 

DEPOSITED IN DEEP RESPIRATORY TISSUE: 
ADDENDUM 

Abstract 

Several experiments a r e  reviewed in- 

volving skin and lung carcinogenesis in 
mammals  af ter  intense localized doses  of 

ionizing radiation, A high incidence of 
cancer  occurs  for  the exposures described. 
The observations suggest that the car- 
cinogenesis is pr imari ly  mediated by in- 
jury o r  disruption of local tissue. 
concluded that there  is a substantial 
possibility of enhanced cancer  r i s k  associ-  
ated with the deposition of intense a-emitting 
particulates in deep respiratory tissue. 
Within this description lung cancer  r i sks  

It i s  

a s  high as to per  disruptive 
source particle a r e  indicated. 
bility of this enhanced r i s k  places the 

present standards for maximum permis- 
sible lung burdens in ser ious question 
when applied to  particulates such a s  
Pu23802 and 
that in the absence of a detailed knowledge 
of pulmonary carcinogenesis, the best  
course of action is an experimental  
determination of the r i sk  pe r  disruptive 

8 particle for  particle burdens << 10 
particles. 

The possi- 

It i s  again suggested 

Introduction 

The original report  (UCRL-50387)l 
discussed lung structure  and function in 
relation to radiation insult from insoluble 
Q -emitting aerosols .  Carcinogenic r i sk  
w a s  treated principally within the 
assumption that cancer could nor originate 
in a population of mitotically incompetent 
cells.  N o  credible r isk evaluation was 

accomplished. This  addendum extends 
the consideration of radiation-induced 
carcinogenesis. Several  high dose ex- 
periments a r e  reviewed and analyzed 
relative to the evaluation of carcinogenic 

r i s k  in high dose situations. Conclusions 
a r e  drawn and related to  the original 
report  . 

Radiation Carcinogenesis after Intense Local Exposure 

The induction of neoplasms by ionizing r a -  t issues  and species.  There is no comprehen- 
sive theory describing these observations. diation is observed in diverse mammalian 

-1  - 
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As was previously indicated, particulate 
sources have the potential of exposing 
adjacent tissue to intense doses of radia- 
t ion without being organ- o r  organism- 
fatal. Experiments involving carcinogenesis 
induced by intense local exposure a r e  
therefore especially relevant in judging 
whether particulate sources constitute a 

unique risk 
Albert's study of radiation-induced 

carcinoma in r a t  skin2-4 gives some 
quantitative description of a high dose 
carcinogenic situation. Since such de- 
scriptions are rare,  and since Albert's 
results have implications to r i sk  analysis 
in general, his experiment i s  outlined 
here. 

A skin a rea  of 24 cm was exposed to 
electron radiation with various depths of 
maximum penetration. The dose response 
curves a r e  reproduced in Fig. 1. In all 

2 

A 0.36mm 
8 0 . 7 5 m m  
0 1.40 mm 
o 1.65 mm (suppl . data) 

- ~~ 

0 1 2 3 4 5 6 7 8  

Surface dose - krod 

Fig. 1. Tumor incidence with respect to 
surface dose at 80 weeks for three 
penetration depths of electrons. 
(Reproduced with the permission of 
Academic Press ,  Inc., and 
Radiation Research after Fig. 5 of 
Albert, Burns and €Ieimbach.l) 

cases the response scale at sufficiently 
high doses w a s  large, -1 to 5 tumors pLr  
r a t  at 80 weeks after exposure. It w a s  
noted by Albert that when the dose w a s  
normalized to a skin depth of 0.27 mm, 
the three response curves became con- 
tinuous (Fig. 2). Since this depth is near 
the base of the hair follicle which com- 
prises the deepest reservoir of epithelial 
cells of the germinal layer, it was sug- 
gestive that this might be a critical region 
in the observed carcinogenesis. The 
suggestion gained significance from the 

* 

A 0.36mm 
0.75mm 

0 1.40mm 
0 1.65 mm (suppl .data) 

0 
I I  I I I I  I 

0 1 2  3 4  5 6 7 8  

Dose at 0.27 mm - krad 

Fig. 2. Tumor incidence with respect to 
the dose at a depth of 0.27 mm in 
the skin at 80 weeks for three 
penetration depths of electrons. 
(Reproduced with the permission 
of Academic Press, Inc., and 
Radiation Research after Fig. 7 
of Albert, Burns and Heimbach.2) 

*"Large" a s  used here describes 
tumorigenic responses which a r e  greater  
than 1 tumor for 20 animals. For  refer- 
ence a whole body dose of 1000 R, and a 
cancer probability of 50 cancers per 
million per rad, implies a r isk of 0.05 per  
animal. 

-2 - 
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- 

- 

- 

- 

-0 

observations that most of the tumors are 
similar to hair  follicles, and that in the 
nonulcerogenic dose range the number of 
tumors per  r a t  was in nearly constant 
ratio (1/2000 to 1/4000) with the number 
of atrophied hair follicles (Figs. 3 and 4). 

Thus the carcinogenesis in this experi- 
ment w a s  remarkably correlated with the 
dose to and the specific damage of a 
particular skin structure. When ex- 
posures w e r e  made with stripe and sieve 

20,000 

16,000 

c e 
b 
Q 

12,000 f - 
0 .- - - 
9 
0 
x 
.- 

-8,000 g 
a 

4,000 

patterns of roughly 1 mm scale, geo- 
metrical  effects were observed; most 
notably the cancer induction in the sieve 
geometry was suppressed at doses of 
1700 R, but not a t  doses of 2300 R. The 
reduction, however, w a s  again consistent 
with the reduction in damage a s  charac- 
terized by atrophied hair  follicles. 

these observations to cellular descriptions. 
Carcinogenesis in Albert's experiment is 

F o r  perspective it is mluable to relate 

5 

4 

c 

e 3  

ti s 

L 
P) 
Q 
YI 

2 

1 

0 

I I I I I 

Tumors 

0 0.5 1 .o 1.5 2 .o 2.5 

Surface dose - krad 

Fig. 3. Dose-incidence curves of skin tumors and atrophic hair  follicles 
for 80 weeks after uniform surface irradiations of 24 cm2 of skin 
with electrons that penetrated 1.65 mm. (Reproduced with the 
permission of Academic Press, Inc., and Radiation Research 
after Fig. 5 of Albert, Burns, and Hei~nbach.~)  

- 3 -  
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I I I I 

01.-0 Tumors 

e--.Atrophic foll icles e--.Atrophic foll icles 

I I I I 
0 2 4 6 8 

Surfoce dose - krad 

Fig. 4. Dose-incidence curves of skin tumors and atrophic f l l icles for  

with electrons that penetrated 0.36 mm. (Reproduced with the 
permission of Academic Press ,  Inc., and Ra iation Research 

80 weeks after uniform surface irradiation of 24 cm B of skin 

af ter  Fig. 6 of Albert, Burns and IIeimbach. 8 ) 

maximum in the neighborhood of 2000 R. 
It is well documented in vitro and to a lesser 
extent in vivo that the fraction of mitotically 
competent cells a s  measured by clonal 
formation decreases in a nearly exponential 
fashion with the dose. From these re -  
sul ts  a surviving mitotic fraction of 

-5 approximately 10 would be expected in a 
population of germinal epithelial cells 
exposed to 2000 R. Even in this pre- 
ulcerative dose regime the cell  population 
suffers severe mitotic injury. 
significant that Albert's dose response 
curves show no simple relationship with 
the surviving fraction of mitotically com- 
petent epithelial cells. 

5 

It i s  

There is certainly 

no exponential decrease of the response 
in the neighborhood of D37, 

the tumorigenesis i s  maximum in a dose 
region where the population of mitotically 
competent cells should be initially depleted 
by about 5 orders  of magnitude. 

To summarize this important experi- 
ment, a high incidence of cancer w a s  ob- 
served after intense local doses of radia- 
tion, and the carcinogenesis w a s  
proportional to the damage or disordering 
of a particular skin structure. 

sarcomas in ra t s  and mice after intense 

* 
and, in fact, 

Others have observed carcinomas and 

0 
The dose which leaves l / e  of the cells 

mitotically competent. 

6000 

4000 
+ e 
t 
s 

yo 

P 

- 
0 .- - - 

2000 f 
0. e 
d 

0 

n 
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Tablc I. Radiation-induced sk in  cancers observed in rabbits, sheep, and swine. 

Animals Surface dose ExDosed area Cancer Ref e rence 
a 

2 rabbits 16,000 R (P32 plaque) 20 cm 1 fibrosarcoma 8, 9 

7 swine 19,470 pCi-hr (Ru106 plaque) ? 1 squamous cell 11 

2 sheepa 16,000 R (P32 plaque) 20 cm 1 fibrosarcoma 8, 10 
1 karatocanthoma 

carcinoma 
32 

Similar exposures at 2000 R and 8000 R with P plaques induced no observed a 

cancers, nor did exposures of 2000 R, 8000 R, and 16,000 R with Sr90 plaques. 

exposure of the skin to ionizing radiation 
(for a summary see Ref. 6). 
induction is  generally a frequent event in 
these experiments. Even a t  elevated doses 
such a s  12,000 R of 1-MeV electrons, 
Boagand Glucksmann7 induced -5 sarcomas 
per 100 cm2 in rats. 

Cancer 

A f e w  results for  rabbits, sheep and 
swine a r e  collected in Table I. Despite 
the small  number of animals involved, 

32 surface doses of 16,000 R from a P 

plaque induced several  cancers, which is 
indicative that larger  mammals a re  
similarly susceptible to skin cancer after 
intense radiation insult. Again, these 
gross observations demonstrate that en- 
hanced tumor incidence does occur after 
very high doses. 

The skin experiments a re  remarkable 
in that a highly disruptive dose of radia- 
tion to a reparable mammalian tissue 
produced frequent carcinogenesis. There 
i s  no compelling reason to believe that 
respiratory tissue behaves similarly, but 
with the  w e l l  documented carcinogenic 
potential of human lung tissue, and the 
disruptive capacity of radioactive par- 
ticulates such a s  P u ~ ~ * O ~ ,  it is reason- 
able to expect that a comparable develop- 
ment occurs for lung tissue. 
number of radioactive substances have 
been used to induce lung cancers in mice 

While a 

-5- 

and ra t s  (see Ref. 121, it is difficult to 
derive any characterization of carcino- 
genesis from these experiments. The work 
of Laskin e t a . ,  13’ l4 though not specifically 
involving deep respiratory tissue, does 
demonstrate a source-intensity response 
curve which is reproduced in Fig. 5. A 
Ru106-Rh106 cylindrical source w a s  
implanted in the bronchi of rats, and 
cancers were observed to a r i se  from the 
bronchial epithelium. The response curve 
indicates a substantial response (0.07) 

I 1  I I I I 
65 - Median dose 2.5 pCi 

55 8 
I 45- 

Std. error t l  .7 pCi - 
- 

: 35- - 
n 
- 25- - 

- - 15 

5 -* I I I .I 

0.01 0.1 1.0 10.0 

Log dose - pCi 

Fig. 5. Dose response relationship in 
pCi after exposure of the 
bronchial mucosa of ra t s  to the 
P-radiation of Ru1O6-Rh1O6 pellet 
implants. Squamous cell  carci-  
noma in survivors beyond 143 
days. (Reproduced with the 
permission of the Journal of the 
National Cancer Institute after 
Fig. 2 of Laskin M . 1 3 )  
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even a t  0.008 pCi burden, and a slow, 
approximately logarithmic increase of 
tumor incidence over three orders  of 
magnitude in the source intensity. 
Corresponding first-year doses to adjacent 
bronchial epithelium varied from 10 R to 
10 R. Animals were followed until death, 
and it w a s  observed that the tumor incidence 
generally increased with the dose accum- 
ulated at  death, The lowest accumulated 
dose associated with a cancer w a s  1400 R. 
For an accumulated dose of the order  of 
10 R the incidence w a s  -2/3. Cember 
fortified glass  beads (0.3 ~ . l  diameter) with 
several microcuries of Sr 90-Y90, and 
single beads w e r e  implanted in the lungs 
of rats,  
23 animals. 

3 
6 

6 12 

Tumors were observed in 7 of 
In a second experiment 

144F 

particulates. For a burden range of 
0.5 pCi to 50 pCi the observed tumor 
incidence fluctuated between 0.04 and 0.3. 

All of these experiments involved in- 
tense exposures and a significant level of 
carcinogenesis. Severe damage and dis- 

ruption of tissue were associated with the 
exposure. The nonuniformity of the ex- 
posures, the relatively long range of the 
p-emitters involved, the complex structure 
and function of the lung, and a general 
ignorance of the mechanisms of 

Cember exposed r a t  lungs to Ce 3 

carcinogenesis, make more detailed inter-  
pretation largely speculative. There are 
few clues as to  the critical tissue or dose 
parameters in the observed carcinogenesis, 

The most relevant lung experiment ie 
Bair's P ~ ~ ~ ~ O ~ - i n h a l a t i o n  study with 
beagles. 15,16 Exposure w a s  to particulates 
of 0.25 p or 0.5 p median diameter; 
burdens were in the pCi range, In the 
period 2 to 7 years  after exposure, 19 of 
35 animals died and 13 of those 19 includ- 
ing the 9 most recent mortalities showed 
pulmonary neoplasia. Many of these 
cancers were multicentric in origin. The 

cancers again appeared in conjunction with 
severe lung injury. 
incidence of the disease is small, it 
appears that at this level of exposure the 
induction of lung cancer is almost certain 
during the normal beagle life span, When 
the pathological response is this saturated, 
and the mechanism of induction is not 
understood, then it is doubtful that one 
can draw any inference about the response 
at  smaller burdens. The smallest burden 
(at death) in a dog showing lung cancer 
was -0.2 pCi. 
correspond to a particle burden of about 
10 particles, Burdens which a r e  smaller 
by orders  of magnitude may sti l l  induce 
a substantial incidence of cancer. 

Since the natural 

Presumably this would 

7 

Conclusions 

Summing up, intense radiation exposure carcinomas and atrophied hair  follicles. 
of mammalian skin and lung tissue 
commonly results in cancers. Tissue 
injury and disturbance a re  a primary 
consequence of intense radiation insult, 
and a r e  observed in association with 
carcinogenesis. Albert has exhibited a 
simple proportionality between skin 

N o  general description of precarcinogenic 
injury exists, but in a crude sense the 
available observations a r e  compatible 
with the idea of an injury-mediated car-  
cinogenesis. Cancer is a frequent in- 
stability of tissue. Since tissue i s  more 
than an aggregate of cells, and has a 

-6 - 
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structural  and functional unity of i ts  own, 
it would not be surprising if some dis- 
rupted local integrity, a disturbed order-  
ing, comprises a primary pathway of 
carcinogenesis. The induction of sarcomas 
with inert discs of Mylar, cellophane, 
Teflon and Millipore (Brues et &.17) is 
indicative that such a mechanism exists. 
Presumably mitotic sterilization is an 
important factor in any carcinogenesis 
mediated by radiation-induced tissue 
injury. 
factor to the carcinogenic response may 
be quite different from a linearity in the 
surviving mitotic fraction. 

While regrettably unquantitative, the 
hypothesis of an injury-mediated car- 
cinogenesis i s  suggestively descriptive. 
If the respiratory zone of the lung con- 
tains a structure analogous to the ra t  hair  
follicle, and if  a radioactive particulate 
deposited in the respiratory zone has 
the capacity to disrupt one o r  more of 
these structures and create a precancerous 
lesion, then cancer r i sks  of the order of 

to per particle can be expected 

The functional relation of this 

8 for burdens much less than 10 particles. 

Bair’s work 15,16 does not contradict 
this. As well a s  showing a saturated 

-7 - 

response, his experiment involves particle 
8 burdens like 10 , and since this number 

i s  comparable with the number of alveoli, 
it follows that there are many overlapping 
exposures. In this situation the particles 

do not necessarily produce isolated effects 
and the results can not be used to infer a 
r isk per particle applicable at  l esser  
burdens. 

mum permissible lung burden (MPLB) 
of Pu238 or Pu239 is 0.016 pCi. 
Assuming a particle diameter of 0.3 p ,  

this burden is equivalent to 3 X 10 

of P u ~ ~ ~ O , .  If there is a possibility 
of tumorigenic r i sks  of the order of 
l/2000 per particle, this ra ises  serious 
doubts as to the applicability of current 
MPLB to r isk judgments involving par-  
ticulates. Aside from this question of 
enhanced r isk from disruptive particu- 
lates, Baircs observation of a burden of 
-0.2 pCi in a dog with lung cancer is 
precariously close to the presently pre- 
scribed MPLB. Experiments at lower 
particle burdens are crucial to defining 

the r i s k  from insoluble a-emitting 
particulates. 

For occupational exposure the maxi- 

18 
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APPENDIX 111 

UNIVERSITY OF CALIFORNIA 

-Bio-lle&ical Div is ion  
LAWRESCE RADIATION LARORATORY 
P.O. BOX 808 
LIVERSIORE. CALIFORNIA 94550 

TELEPHONE (415) 147-1100 
TELEX 34-c.107 AEC LRL L w n  
TWX g i o . m x n 3 9  AEC LRL L v m  

November 26, 1969 

Dr.  J0hn.R. T o t t e r ,  D i r e c t o r  
D i v i s i o n  of  Biology and Hedicine 
U. S. Atomic Energy Commission 
\ lashington,  D. C. 

Dear John: 

We wish t o  cont inue  our  e f f o r t s  for c o n s t r u c t i v e  d i s c u s s i o n s  with you 2nd 
your c o l l e a g u e s  concern ing  t h e  v i t a l  m a t t e r s  of  Atomic Energy Developnent and  
the P u b l i c  Health and Safe ty .  \.le have r e p e z t e d l y  i n d i c a t e d  our u r g e n t ' d e s i r e  
t o  be  c o n s t r u c t i v e  and t o  a p p r i s e  you a t  t h e  e a r l i e s t  p o s s i b l e  t i n e  o f  p r o b l e m  
of s e r i o u s  p a t u r e  t h a t  might be i n  t h e  horizon.  Gy c o l l e a g u e ,  Don Geesanan and 
I, have one which w e  wish t o  b r i n g  t o  your u r g e n t  a t t e n t i o n  now and it is t h e  
s u b j e c t  of t h i s  l e t t e r .  

This problem concerns  t h e  b i o l o g i c a l  hazard  a t t e n d a n t  upon t h e  i n h a l a t i o n  
of plutonium oxide p a r t i c l e s .  
p a r t i c l e s  nay r e p r e s e n t  a unique carc inogenic  r i s k - - t h a t ,  when t h e  l u n g  exposure 
o c c u r s  as a r e s u l t  of  Pu02 p a r t i c l e s ,  t h e  e x i s t i n g  maximum p e r m i s s i b l e  l u n g  
burden may be too  h i g h  by o r d e r s  of  nagni tude.  
t h e  AEC could  be confronted  with a s i t u a t i o n  s imi l a r  t o  t h e  uranium m i n e r s  i n  
the plutonium i n d u s t r y .  
for the above s t a t e m e n t s .  

Our a n a l y s i s  of  t h i s  problem s u g g e s t s  t h a t  t h e s e  

I f  our s u s p i c i o n s  a r e  c o r r e c t ,  

The e n c l o s e d . r e p o r t ,  UCRL-50387, ADDENDUt;, is t h e  basis 

Our i n t e r e s t  i n  t h i s  problem r e s u l t e d  from being r e q u e s t e d  t o  be nembers  
of the DB1.1 Committee of  Space Nuclear Systems B a d i o l o g i c a l  S a f e t y  Ik t te rs .  
you can  s e e  from t h e  enc losed  le t ters  t o  Dr. .Bruner ,  we d i s a g r e e d  w i t h  t h e  
Committee's conclus ions  beginning i n  August 1967. The more ve  s t u d i e d  the 
problem t h e  more concerned ve became as evidenced by t h e  l e t t e r  t o  D r .  Bruner  
of October 2,  1968. In t h i s  l e t t e r  and t h e  memo t o  Dr. Gofman we express ,ed 
our concern wi th  r e s p e c t  t o  exposure o f  workmen i n  t h e  v e r y  v i t a l  p lu tonium 
i n d u s t r y .  
Germantown on October  25, 1968 (copy enc losed) .  

A s  

We a g a i n  expressed  t h i s  concern a t  a b r i e f i n g  of the AEC S t a f f  i n  

tle are c a l l i n g  t h i s  problem t o  your a t t e n t i o n  a t  t h i s  t i n e  because  i t  
a p p e a r s  t h a t  i t  w i l l  soon becone a s u b j e c t  of p u b l i c  debate .  
t h e  f i r e  a t  Rocky F l a t s ,  D r .  1:. h. 1:nrtcl.l has been c o n ~ . u c t i n ~  CD cn-; i roncental  
survey  t o  d.zterni:le t h e  1 . e - d ~ l . ~  of i'u-25ij in t h e  Cslo rndo  arcn. 
i t ,  he w i l l  probably be r e l e a s i n g  h i s  r e s u l t s  i n  December. 
show evidence of  c o n t a n i n a t i c n  from t h e  Rocky F l a t s  p l a n t .  Our i n p r e s s i o n  is 
t h a t  he v i 1 1  at  t h a t  time r a i s e  t h e  q u e s t i o n  of  p e r n i s s i b l c  cxponuro. 

A s  a r e s u l t  of 

L s  tie v.xld?roi;nnd 
His re su l t s  $ J i l l  

It is i n p o r t a n t  t o  note  t h a t  there is no o f f i c i a l  guidance c o n c e r n i n g  
exposure t o  t h e s e  h o t - p a r t i c l e s .  ICRI '  p u b l i c a t i o n  #9 ,  p r t ~ c  4 ,  p s r a p a p h  20 
s t a t e s ,  " In  t h e  n e a n t i n e  t h e r e  is no c lc i l r  evidence t o  show whether ,  with a 
e i v e n  ?.lean absorbed dose , t h e  b io lo , - ica l  r i s k  a s s o c i a t c d  v i t h  a non-ho:iogeneous 
d i s t r i b u t i o n  is g r e a t e r  or l e s s  t h a n  t h e  risk r e s u l t i n g  f r o n  a more d i f f u s e  
d i f i t r i b u t i o n  of t h a t  dose i n  t h e  lung." 

n 



Dr. John Totter 
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November 26, 1969 

Now, q u i t e  obvious ly ,  we do not  f e e l  t h a t  t h e  Div is ion  o f  Biology and  
Pledicine can adequate ly  suppor t  the  p o s i t i o n  taken  by t h e  C o n n i t t e e  on Space 
Radio loEica l  Safe ty .  Hopzful ly ,  t h e  s c i e n t i f i c  connuni ty-a t - la rge  w i l l  be 
more r e c e p t i v e  t o  t h e i r  arguments but  we doubt i t .  A t  any rate,  we f e l t  
t h a t  ire should  c a l l  t h i s  problem t o  your a t t e n t i o n .  

S i n c e r e l y  yours ,  

L r t h u r  R.  Tamplin 
Bio-Kedical D i v i s i o n  

Donald P. Geesanan 
Bio-Kedical D i v i s i o n  

ART:ml 

E n c l s .  as s t a t e d  

c c :  Dr. Seaborg 
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APPENDIX IV 

"PLUTONIUM AND PUBLIC HEALTH" 

(A talk given at the University o f  Colorado 
on April 19, 1970.) 

(Printed with references added in 

(Printed with Author's Note added in 
Electric Power Consumption and Human 
We1 fare. AAAS Commi ttee on Environmental 
A 

Electric Power Consumption and Human 
We1 fare, AAAS Commi ttee on Environmental 
Alterations, August 11, 1974.) 

(To be published in Energy and the 
Environmental Crunch, eds . Fi rebaugh, 
et. al., Oxford University Press ,* 
1975; and in Energy and Human \.!elfare, 
eds. Commoner, et. al., Macmillan 
Publishing Company, 1975.) 

Donald P. Geesaman 
School of Public Affairs 
U, i j  !J 2rsS L;;r of t 4 i  r:n?;oia 
Hi nneagol -is , I-li nnesota 

* copyright 
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PLUTONIUM AND PUBLIC HEALTH 

Donald P. Geesaman 

Author's Note--June 1972. 

On May 11, 1969 a major fire occurred a t  the large Rocky Fla t s  

plutonium facility located northwest of Denver, Colorado, and operated for 

the A E C  by the Dow Chemical Company. 

A E C  press  releases M-121, May 20, 1969, and M-257, November 18, 1969. 

For  description of this fire see 

Consequent to this fire E.A. Martell and S.E. Poet conducted a 

pilot study on the plutonium contamination of surface soils in the Rocky 

Flats  environs. Their results suggested an off s i te  contamination that w a s  

orders  of magnitude larger  than that which would have been expected from 

the measured plutonium releases in the air effluent of the facility. 

In a let ter of January 13; 1970 to Glenn Seaborg, then chairman 

of the A E C ,  and in a press  release of February 24, 1970 by the Colorado 

Committee on Environmental Information, Martell et  al .  called attention 

to this anomalous contamination and expressed concern mer i ts  uncertain 

origin and over i ts  significance to public health. 

the probable origin of the off si te contamination a s  wind dispersal  of pluto- 

nium leaking from rusted barrels  of contaminated cutting oil, and denied 

that cause existed for  concern over hazards to public health (set. AEC 

press release N-22, February 18. 1970). 

In response the AEC fixed 

It w a s  my conviction that the AEC response provided a distorted 
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and inadequate representation of the possible hazards associated with the 

observed off si te contamination, and that the imminent large-scale commer- 

cial introduction of plutonium gave this situation a precedential significance 

much greater  than the already considerable significance of the situation 

itself. 

In April 1970 a representative of the AEC's Division of Biology and 

Medicine and myself were invited to present our views a t  the University of 

Colorado. "Plutonium and Public Health" derives from the preceding his - 
tory and should be so interpreted. The presentation w a s  to a lay audience 

and w a s  made with that expectation. Adequate referencing w a s  added to 

the written text prior to  i t s  inclusion in Underground U s e s  of Nuclear Energy, 

P a r t  2, Hearings before the Subcommittee on Air and Water Pollution of the 

Committee on Public Works United States Senate, August 5, 1970. 

A s  it stands the paper st i l l  represents a legitimate critique, and 

the recent emphasis on plutonium a s  a major energy source increas es the 

relevance of the discussion. An updating would involve only incremental 

changes, and would generally supplement rather than disturb the substantive 

arguments of the original paper. Hence while such an updating is desirable, 

it 

my discretion. 

is also of sufficient marginal value that it can be properly deferred at 

F o r  those who a r e  interested in reading the traditionril AEC p s i -  

tion on ttw MubjecA I would suggest "Appendix 24 - S;if'ely Cotisidci.;ll ioris i i i  

the Operations of the Rocky Flats  Plutonium Processing Plant",  from 

AEC Authorizing Legislation Fiscal Year 1971 - Hearings before the Joint 

~ - _ _  - - - - - _ _  - - 
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Committee on Atomic Energy, P a r t  4, March 19, 1970. 

T i m e s  have changed s ince May 1969. Then plutonium w a s  regarded 

a s  a mil i tary substance and was accordingly given l i t t le public attention. 

Now it is much publicized as the energy source of the not too distant future .  

April 1970 was a time of transition, and I felt the strong presence of the 

earlier tradition, and the decision to  speak w a s  not a n  easy  one fo r  me .  

I have had no r e g r e t s .  
D. P. G. 

Plutonium and Public Health 

For the sake of completeness l e t  me give you s o m e  background on 

plutonium. 

natural  c r u s t .  

Dr .  Seaborg and colleagues; - -Dr.  Seaborg is presently Chairman of the 

Atomic Energy Commission.  Plutonium has s e v e r a l  isotopes, the mos t  

important being plutonium-239, which, because of i ts  fissionable propert ies  

and i t s  ease of production, is potentially the best  of the th ree  fission fuels .  

That is why it  is of interest .  

tonium-239 is a radioactive isotope of relatively long half-life (24, 000 

y e a r s ) ,  hence i ts  radioactivity is undiminished within human time s c a l e s .  

When it decays,  it emi t s  a helium nucleus of substantial  energy.  

o f  i ts physical cli;irnctc*ristics, ;I helium nuclcus int t~rncls  st ixmgly bi t  h 

thc niaterinl along its path; :ind ; I \  a consequence deposits itc i.ncrgy in 

a r-clatively short  distance, --ahout four-hundredths of a mil l imeter  in 

solid t iesue.  F o r  comparison, a typical cel l  dimension i s  about 1 / 4  to 

It is a n  element that is virtually non-existent in the ea r th ' s  

In the e a r l y  1940's it w a s  f i r s t  produced and isolated by 

Aside f r o m  i ts  fissionable propert ies ,  plu- 

R ~ c a u s c  



V .67- 106 

1/10 of that. A cell  whose nucleus is  intercepted by the path of such a par- 

ticle suffers sufficient injury that its capacity for cell  division is usually 

lost (Bar endson, A .  W., 1962 and Bloom, W . ,  1959). 

The cancer inducing potential of plutonium is well known. One 

millionth of a gram injected intradermally in mice has caused cancer 

(lisco, H., et al., 1947); a similar amount injected into the blood system 

of dogs has induced a substantial incidence of bone cancer (Mays. C.  W., 

et a l . ,  1947), because of plutonium's tendency to seek bone tissue. Fortu- 

nately the body maintains a relatively effective bar r ie r  against the entry 

of plutonium into the blood system. Also, because of the short  range of 

the emitted helium nuclei, the radiation from plutonium deposited on the 

surface of human skin does not usually reach any relevant tissue. 

tunately the lung is more vulnerable. 

Unfor- 

Before I describe why this is, I'd like to say something about the 

characterist ics of an aerosol. An aerosol is physically like cigarette 

smoke, o r  fog, or  cement dust. 

comprising an aerosol remain suspended in air for  long periods of time. 

If an aerosol is inhaled, then, depending on i ts  physical characteristics, it 

may be deposited a t  different si tes in the respiratory t ree  (Health Physics, 

1966). Larger aerosol sizes a r e  usually removed by turbulence in the nose, 

particles deposited in the bronchial t ree  a r e  cleared upward in hours by the 

ciliated mucus blanket that covers the structure.  

does not penetrate into the deep respiratory structures, the alveoli, where 

the basic oxygen-carbon dioxide exchange of the lung takes place. Smaller 

Because of their small  size, the particles 

This clearance system 



V .67-107 

part ic les  tend to he deposited h e r e  by gravitational sett l ing,  and if they a r e  

insoluble they may reside in the alveoli f o r  a considerable t ime.  The prob- 

l e m  is that, under a number of conditions (Anderson, B. V . ,  e t  a l . ,  1967; 

Fraser, D.C. ,  1967; Kirchner,  R . A . ,  1966; Mann, J . R . ,  e t  a l . ,  1967; 

Stewart, K . ,  1963; Wilson, R.H. et a l . ,  1967) plutonium tends to form 

ae roso l s  of a s i z e  that are preferentially deposited in deep lung t i s sue .  

Plutonium dioxide, which is a principal offender, is insoluble and may  he 

immobilized in the lung fo r  hundreds of days before being cleared t o  the 

throat o r  to the lymph nodes around the lungs (Health Physics.  1966). 

An ae roso l  i s  comprised of par t ic les  of many different s i zes ,  and 

their  radioactivity may  differ  by factors  of thousands o r  even more .  I will 

simplify the argument and say that there  is a class of these par t ic les ,  the 

l a rges t  ones deposited in the deep lung t issue,  that can be  expected to have 

a different potential of cancer  induction than the par t ic les  of the s m a l l e r  

class. This  is because they are  sufficiently radioactive to disrupt cel l  

populations in the volume of cel l  t issue which they expose (Geesaman, 

D. P., 1968a). A n  example might be a particle that e m i t s  5000 helium 

nuclei per  day. It would subject hetween 1 and 20 alveoli to intense radi-  

ation, sufficient to inflict suhstantial cel l  death and t issue disruption. 

F o r  reference,  the alveoli are the basic s t ructural  units of the deep lung. 

They a r e  shaped and t)unc:li(~tl i.ougtily l i k e  hollow gt*apc*s 0. 3 millimc*tc-r. 

i n  diiin1etc.t.. 

and they arc a Iiighly s f r u c l u r t d  t issue with many ccl l  types. 

posure of local t issue by a radioactive particle is  referred t o  a s  the hot  

Their walls i l r ( *  t l i i r i .  ;i f e w  llious;andl.hs o f  ; I  n i i l l i t ~ i ~ ~ l ~ ~ r ,  

1ritc:nse ex- 
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part ic le  problem. 

potential f o r  cancer  7 N o  one knows. 

evolve f rom dead cells, 

carcinogenic.  

f ac t s  are, though, that intense , local doses  of radiation are extremely 

effective carcinogens, much m o r e  so  than if the energy were  averaged 

over  a larger t issue mass (Geesaman, D.P., 1968b). 

can take place a t  high doses  of radiation where only one cell in ten thousand 

has  retained i t s  capacity to  divide. The cance r  susceptibility of lung t is-  

sue  to radiation has  been demonstrated in many species;  one can say  in 

general  that the lung i s  m o r e  susceptible to inhomogeneous exposures f r o m  

particles and implants than i t  is to diffuse uniform radiation. 

careful  skin experiments of Dr .  Albert  have indicated that t issue 

tion is a very likely pathway of radioactive induction of cancer  a f t e r  intense 

exposure (Albert, R .  E. ,  e t  al . ,  19€7a, 1967b, 1967c, 1969). The experi-  

ments  show that the most s e v e r e  t issue injury is not necessary,  nor e v e n  

optimal, fo r  the induction of cancer .  When these notions a r e  applied to  a 

hot particle in the lung, the possibility of one cance r  f rom 10,000 disrup-  

tive par t ic les  is real is t ic .  

portion of the total radioactivity in  a plutonium ae roso l  is usually in the 

l a rge  particle component 

The question is: does such a particle have an enhanced 

One can a rgue  that cancer  cannot 

hence a depleted cell population must  be l e s s  

The This is believeable, and mus t  be t r u e  on occasion. 

Fur ' thermore,  this 

Some very 

disrup- 

This is disturbing because an appreciable 

1,ct me demonstrotc. what I mean. Suppose a man received a 

ninxi niurii l)t>rniissil)lr lung I ~ I I I ~ ~ I ~ * I I  1.01. pliiionium. ancl supposc roughly 

IO'!;, of IIIC. I I I ; I S S  o f  I I I ~ .  I ) I I I * ~ ~ ~ I I  \\;is assov ia l cv t  1% i t I i  itw most ;ic.tivc c.lass 
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of par t ic les  deposited (that is those emitting seve ra l  thousand helium nuclei 

pe r  day). The re  would be something l i k e  a thousand of 

these par t ic les  and each would chronically expose 1 t o  20 alveoli to intense 

radiation. 

ticle, then the total r i s k  in this situation is one in ten, i. e . ,  one man in ten 

would develop lung cancer .  

This  is reasonable.  

If the r i s k  of cance r  is l i k e  1 in 10, 000 f o r  one disruptive pa r -  

Put  another way, about 1 cubic cent imeter  of the lung is receiving 

high doses  of radiation. It would not be surpr is ing if intense exposure of 

such a localized volume led to a cancer one time in ten. The question is :  

if the individual volumes are separated f r o m  each other,  is substantial  

protection afforded? N o  one knows. 

using 50 exposures  of 1 cubic cent imeter  each, than it is to find a couple 

of cance r s  in 50,000 single par t ic le  exposures.  

of injury are long enough that a disruptive carcinogenic pathway cannot be 

disregarded f o r  isolated hot particles (Geesaman, D. P., 1968b). 

It is much easier t o  find two c a n c e r s  

Certainly the length scales 

One can look to  the relevant experience fo r  r eas su rance .  In a n  

experiment done a t  Hanford by Dr .  Ba i r  and his  colleagues, beagle dogs 

were  given 

(Bair ,  W .  J., et a l . ,  1966; Ross, D.M. ,  1967). A t  9 y e a r s  post exposure,  

o r  a f t e r  roughly half of a n  adult beagle life span, 22 of 24 deaths involved 

lung cancer, usually of multiple origin. Five dogs r ema in  alive. 

comparison, these exposures are about 100 t imes l a r g e r  than the prescnt 

maximum pw-missible burdens in man. 

lung burdens of a f ew hundred thousandths of a gram 

F o r  

'l'here w e  two unsatisfactory aspects  of this experiment.  First, 
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because all of the dogs are developing cancer ,  it is impws ib le  to  infer what 

would happen at lower exposures:  simple proportionality does, however, 

suggest that present  human s tandards are too lax by a t  least a factor of 

ten. Second, because the radiation dose is large, with t issue injury almost  

killing the dogs; and because large numbers  of par t ic les  are involved, often 

acting in conjunction; it is improbable that the r i s k  f r o m  disruptive par t ic les  

can be  inferred.  And after all, this is what we need to know, since almost  

all human exposures  w i l l  involve hot par t ic les  acting independently, and if 

the re  is a r i s k  f r o m  these particles,  it w i l l  be additive throughout the popu- 

lation; --there will be  no question of a threshold burden; and there  will be 

a possibility that a man with a n  undetectable burden of a few particles will 

develop a cancer as a consequence. F o r  the exposures  of concern, 1000 

people with 100 disruptive par t ic les  each - 1  ill suffer as many total c a n c e r s  

as 10,000 people with 10 par t ic les  each, o r  as 100 people wi th  1000 parti-  

c l e s  each. 

Human experience does not give us  the answer ei ther .  Plutonium 

has been around f o r  25 years, and people have been exposed. 

through 1966 contractors  indicated a n  average total of 21 people per  y e a r  

with over  25% of a maximum permissible  burden of plutonium (Ross, D. M., 

1968). T h r e e  out of four of these exposures derived f rom inhalation. 

be reasonably useful, the docurnentation of exposure must go back m o r e  

than 15 yea r s ,  because o f  thch lnltwt period f o r  radiation induced cancer .  

I n  recent y e a r s  documentation has improved greatly,  but f rom ea r ly  days 

there  is pitifully little of relevance to the hot particle problem in  t h e  lung. 

In 1964 

To 



V.67-111 

Since I have mentioned maximum permissible  lung burdens, you 

are  aware  that t he re  is official guidance. 

The maximum permissible  lung burden is established by equilibrating the 

exposure f r o m  the deposited radioactive ae roso l  with that of an acceptable 

uniform dose of x-rays.  

Protection indicates this may be greatly in e r r o r ,  and specifically s t a t e s  

in i t s  publication 9, "In the meantime the re  is no clear evidence to show 

whether, with a given mean absorbed dose, the biological r i s k  associated 

with a non-homogeneous distribution is g rea t e r  o r  less than the r i s k  r e -  

sulting f r o m  a m o r e  diffuse distribution of that dose in the lung. " (ICRP, 

1966). 

fo r  non-homogeneous exposure i n  the lung, hence the maximum permissible  

lung burden is meaningless f o r  plutonium particles,  as are  the maximum 

permissible  air concentrations which derive from i t .  

I would l i k e  to comment on it. 

The International Commission on Radiological 

They a re  effectively saying that t he re  is no guidance a s  to the r i s k  

So the re  i s  a hot par t ic le  problem with plutonium in the lung, and 

the hot particle problem is not understood, and the re  is  no guidance as to 

the r i s k .  Let me quote 

to you f r o m  D r .  K .  2. Morgan's testimony in January of this y e a r  before 

the Joint Committee on Atomic Energy, U.S. Congres s  (Morgan, K . Z . ,  

1060). Dr .  K . Z .  Morgan is one of the United States '  two m e m b e r s  to the 

main Committee of the International Commission on Radiological P r o t e c -  

tion: he has  been a member  of the  committee longer than anyone and he 

is director  of Health Physics  Division at Oak Ridge National J,aboratory. 

I quote: "There a r e  many things about radiation exposure w e  do  not 

I don't think the re  i s  any controversy about that. 
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understand, and there  w i l l  continue to be uncertainties until health physics 

can provide a coherent theory of radiation damage. 

the basic r e s e a r c h  studies of the USAEC are so important.  

and Tamplin have pointed out recently the problems of plutonium-239 pa r -  

t ic les  and the uncertainty of the risk to a man who carries such a particle 

of high specific activity in h i s  lungs. 

to the committee's inquiry about pr ior i t ies  in basic r e s e a r c h  on the biolo- 

gical  effects of radiation, Dr .  

City Environmental Protection Administration, in pa r t  replied,  "For some  

reason o r  other the par t ic le  problem has  not come  upon us  in quite a l i t t le 

while, but it probably w i l l  one of these days.  We are not much fu r the r  

along on the basic 

to  a progressively sma l l e r  and sma l l e r  volume of t issue is bet ter  o r  worse 

fo r  the recipient.  

calculate the dose when you inhale a single particle.  (Eisenbud, M . ,  1970). 

fIe was c o r r e c t :  the problem has come up again. 

This is why some of 

D.P.  Geesaman 

I t  At the same hearing, in response 

M.  Eisenbud, then Director  of the N e w  York 

question of whether a given amount of energy delivered 

This  is another way of asking the question of how you 

In the context of his comment i t  is interesting t o  r e f e r  to the 

National Academy of Sciences, National Resea rch  Council r epor t  of 1961 

on the Effects of Inhaled Radioactive Pa r t i c l e s  ( U .  S. NAS. NHC' .1961). 

The first sentence r eads ,  "The potential hazard due to  a i rborne radioactive 

particulates is  probably the least understood of the hazards  associated 

with atomic weapons tests,  production of rndior.lements, and t h c  ctxpanding 

use of nuclear energy for power production. I '  A decade l a t e r  tliat s t a t e -  

ment is still valid. Finally let  me quote D r s .  Sanders,  Thompson, and 
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nxir f r o m  a paper given by them l a s t  October (Sanders, C .  L., 1WO). D r .  

]3air and his  colleagues have done the most relevant. plutonium oxide inha- 

lation experiments .  

radioactive particulates i s  c lear ly  m o r e  carcinogenic than uniform expo- 

s u r e  (on a total-lung dose bas i s ) ,  and alpha-irradiation i s  m o r e  carcino-  

genic than beta-irradiation. The doses required f o r  a substantial  t umor  

incidence, are very high, however, if  measured in proximity to  the pa r -  

ticle; and, again. t he re  are no data to establish the low-incidence end of 

a dose-effect curve.  And the re  is no general  theory, o r  data on which to 

base a theory, which would permit  extrapolation of the high incidence por-  

tion of the cu rve  into the low incidence region. ' I  I a g r e e  and I suggest 

that in such a circumstance i t  i s  appropriate to view the s tandards with 

ex t r eme  caution. 

"Nonuniform irradiation of the lung f rom deposited 

T h e r e  is another hazardous aspect  of the particulate problem in 

In c a s e  of an ae roso l  depositing on 

This process  is 

which substantial  uncertainty exis ts .  

a surface. the material may be resuspended in the air .  

crudely described by a quantity called a resuspension f ac to r  which is re- 

markable  in that it s e e m s  generally known only to within a factor  of b i l -  

lions (Kathren, R.  L. 1968). Undoubtedly it can be pinpointed somewhat 

bet ter  than this for plutonium oxide, but the handiest way t o  dispatch the 

problem is to  say there  is some eiridence that plutonium partic1c.s tlecome 

attached to l a r g e r  particles and a r e  therefore no longer potential :~erosols .  

1Jnfortunatc.ly the re  is a l so  evidence that large par t ic les  generate aero-  

dynamic turbulence, and a r e  hcrlce IJlown about m o r e  readily,  and on 
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being redeposited tend to  knock sma l l  par t ic les  free. 

I 'd like to give you a l i t t le subjective feeling f o r  the hazard.  

official  guidance on surface contamination by plutonium. Two y e a r s  ago, in 

an effort to determine some indication of the opinions of knowledgeable 

persons with respect  to environmental contamination by plutonium, a brief 

questionaire w a s  administered to  38 selected LRL employees (Kathren, 

R .  L . ,  private communication). 

with the hazards  of plutonium. 

personnel, pr imari ly  health physicists and senior  radiation monitors.  The 

remainder  were professional personnel f r o m  Biomedical Division, Chemis-  

t r y ,  and Mili tary Applications, who had extensive experience with plutonium. 

I had nothing to do  with the survey, nor  was I one of the m e m b e r s  who was 

queried.  The conjectured situation w a s  that their  neighborhood had been 

contaminated by plutonium oxide to levels of 0 . 4  microcur i e s  pe r  squa re  

me te r .  

tration D r .  Martell  found e a s t  of the Rocky F la s t  Dow Chemical  facility 

(Martell .  E . A . ,  1970), --and bea r  in mind that a factor  of ten is a small 

difference relative to the large uncertainties associated with t h e  hazards  

f rom plutonium contamination. S rve ra l  questions were asked.  One was, 

would you allow your children lo play in i t ?  

levels he decontaminated‘.' 

area he clcancrl'' !io'$ c i i i ( l  I O  I J  I (  l (~ ! i .ouri~1 .  Y , ~ * I  ( I ,  i i i i r i t i r i i i i i i .  0 1 .  I,$/ . I  

reduction of at  Icast ; I  f a v i o r  o f  40 .  

i i i f i r t incc- .  1)ut i i i ( l i c - t i t c * s  t11,it tii.iriy people conversant of the ll:iyclrd are  not 

In relation to  this,  

The re  is no 

A l l  were  persons who were  w e l l  acquainted 

The group consisted of 16 Hazards Control 

F o r  reference,  this value is roughly ten t imes  the highest concen- 

86% said No. Should these 

Arid t o  what Ic.vr.1 sl ioi i l ( l  ! l i t *  t19'fu said Y C ~ S .  

T h i s  tias n o  p r o f o u n d  sc-ic.riiiTic- rig- 
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})lase about the levels of contamination encountered eas t  of Rocky F la t s .  

Finally I would l ike to  descr ibe the problem in a l a r g e r  context. 

By the y e a r  2000, plutonium-239 has  been conjectured t o  be a major  energy 

source.  

i n  excess  of 100 tons per  year by 2000. Plutonium contamination is not an  

academic question. 

the nea r  future,  the commitment w i l l  be  made t o  liquid metal  fas t  b r e e d e r  

r eac to r s  fueled byplutonium. Since fusion r eac to r s  a r e  presently specula- 

tive, the decision f o r  liquid metal fast  b reede r s  should be anticipated and 

plutonium should be considered as  a ma jo r  pollutant of remarkable  toxicity 

and persistence.  

the commitment it is imperative that public health aspects  be carefully and 

honestly defined p r io r  t o  active promotion of the industry. 

with plutonium one must  appreciatc the potential magnitude of t h e  r i s k ,  and 

be able to monitor against a l l  significant hazards .  

Commerc ia l  production is projected a t  30 tons per  y e a r  by 1980, 

Unless fusion reactor  feasibility is demonstrated in 

Considering the enormous economic inertia involved in 

To l i v e  sanely 

A n  indeterminate amount of plutonium h a s  gone off site a t  a major 

facility 10 miles  upwind f rom a metropolitan a r e a .  

The origin is somewhat speculative as is the ultimate deposition. 

The loss w a s  unnoticed. 

The health and safety of public and workers  a r e  protected by a 

set of standnrds for  plutonium acknowledged to he meaningless.  

Such things make a i ravesty of public h e a l t h ,  and raise se r ious  

question..: atJoUt ;I hurried ac.cepianc*c- of nuc.lc.ar c.rrc*rgy. 
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APPENDIX V 

UNIVIiRSlTY O F  CALIFOKNIA 

l.A\\'HESCE RAIJIATION LARORATORY 

LIVER.%IORE. CALIFORSIA 95550 
r.o. aox 808 

TELEPIIONE (115) 447.1 lOn 

TIVX 91044b8339 AEC LAL LVhlR 
TELEX J4.fi.407 ALC mi. LVMR 

J u l y  8, 1971 

Dr. S t a n l e y  1.1. G r e e n f i e l d  
A s s i s t a n t  D i r e c t o r  
Environmental  P r o t e c t i o n  Agency 
$00 F i s h e r s  Lane 
Roclcville ,. Haryland 20852 

Re:. AEC's D r a f t  Environmental S ta tement ,  Rocky F l a t s  P l a n t  
Plutonium Recovery F a c i l i t y  

Dear Doctor G r e e n f i e l d :  

By copy of h i s  l e t t e r  t o  you d a t e d  Hay 27, 1971, D r .  E. A. t i a r t e l l  i n v i t e d  
my comment on t h e  AEC's D r a f t  Environmental S ta tement ,  Rocky F l a t 6  
Plutonium Recovery F a c i l i t y ,  A p r i l  1971. In r e s p o n s e ,  I a m  s u b i i t t i n g  
the. fo l lowing  remarks f o r  c o n s i d e r a t i o n  i n  your  rev iew of  t h a t  d r a f t  
envi ronmenta l  s ta tement .  

A g e n e r a l  comment: Plutonium is being  p r o j e c t e d  as t h e  pr imary  e n e r g y  
s o u r c e  of t h e  not - too-d is tan t  f u t u r e .  The g r a v i t y  o f  t h i s  c i r c u m s t a n c e  
makes it a p p r o p r i a t e  t h a t  envi ronmenta l  s t a t e m e n t  concerned w i t h  
p l u t o n i u n  should  g i v e  a n  i n f o r m a t i v e  r e p r e s e n t a t i o n  of  t h e  a s s o c i a t e d  
h a z a r d s  and u n c e r t a i n t i e s ,  The d r a f t  o f  A p r i l  1971 does  n o t  s a t i s f y  
t h i s  c r i t e r i o n .  

Elore s p e c i f i c a l l y ,  t h e  e x p o s i t i o n  i n  paragraph  4 of S e c t i o n  2.0 is a n  
inadequate  and  u n r e p r e s e n t a t i v e  d e s c r i p t i o n  of  t h e  u n c e r t a i n t i e s  i n  human 
r i s k  a t t e n d a n t  t o  exposure by plutonium a e r o s o l s .  Human lung t i s s u e  h a s  a 
w e l l  known c a r c i n o g e n i c  p o t e n t i a l  under a number o f  s i t u a t i o n s ,  i n c l u d i n g  
r a d i a t i o n  exposure;  t h e  Hanfcard beagle  s t u d y  demonst ra tes  i n d u c t i o n  of  l u n g  
cancer  by plutonium a e r o s o l s .  These are s u f f i c i e n t  basis t o  e s t a b l i s h  
plutonium induced l u n g  cancer  as a l e g i t i m a t e  concern  for humans, Judged 
in th i s  context the n e g a t i v e  r e s u l t s  of t h e  c i t e d  mouse s t u d y  have  l i t t l e  
p u b l i c  h e a l t h ' r e l e v a n c e .  I n  a d d i t i o n ,  i t  r e q u i r e s  p a t h o l o g i c a l  opt imism 
t o  f i n d  r e a s s u r a n c e  i n  t h e  r e s u l t s  of  t h e  Hanford beag:50experiment. 
were g i v e n  a e r o s o l  burdens  of-1-10 m i c r o c u r i e s  o f  Pu 
p o s t  exposure t h e  l u n g  cancer  response  w a s  v i r t u a l l y  s a t u r a t e d  and  m u l t i -  
centr ic  o r i g i n  were n o t e d  i n  some dogs. A c o r r e l a t i o n  observed between inizi. 
burden and t i m e  t o  c a n c e r  d e a t h  w a s  used t o  i n f e r  t h e  l i m i t  burden  f o r  no 
l i f e  s h o r t e n i n g  that  was mentioned i n  t h e  d r a f t  s ta tement .  The e x c l u s i v e  
i n t e r p r e t a t i o n  of t h i s  c rude  c o r r e l a t i o n  t o  mean a p r a c t i c a l  t h r e s h h o l d  o f  
burden is no more t h a n  a promotional  indulgence.  The o b s e r v a t i o n s  do n o t  
n e c e s s a r i l y  imply t h a t  a p r a c t i c a l  t h r e s h h o l d  e x i s t s  below which no p 1 u t o n i . s  
induced c a n c e r  w i l l  occur. Moreover, t h e  range  o f  exposures  above t h e  
i n f e r r e d  l i m i t  burden may i n  f a c t ,  be i n t e r p r e t e d  a6 a r e e i o n  o f  s a t u r a t e d  
response ,  t h a t  i s  a burden regime i n  which cancer  i n d u c t i o n  i n  a poy;u la t ion  
approaches  lo@ d u r i n g  a n o r n a l  l i f e  span. The p o i n t  h e r e  is  t h a t  t h e  t i n e  

Dogs 
2. A t  nine y e a r s  
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t o  d e a t h  may be r e l a t e d  t o  the  burden throuch p o p u l a t i o n  d e p l e t i o n ,  
r a t h r r  than t h r o u t h  thc l i t e n t  pcr iod.  I n  tha former c a s e ,  a p p r e c i a b l e  
cancer  inc idence  would be a n t i c l p a t e d  a t  lo i t e r  burdens. TO summarize 
a s p c c i v i c  conccrn w i t h  the  plutonium problem: I) under a number of  
probable  c i rcumstances  plutonium forms acor r ,o l s ;  2)  t h e  p h y s i c a l  
c h a r a c t e r  of  t h e s e  n c r o s o l s  is  such t h a t  on i n h a l a t i o n  by humans they  
a r e  p r e f e r e n t i a l l y  d e p o s i t e d  i n  the  deep r e s p i r a t o r y  t i s s u e ;  3) because 
of slow c l e a r a n c e  and because of the  insolubility of  t h e  a e r o s o l ,  p a r t i c l e s  
d e p o s i t e d  i n  t h i s  t i s s u e  may exper ience  l o n z  r e s i d e n c e  t imes  (hundreds 
o f  d n y s ) ;  4) 
w i t h  p a r t i c l e s  s u f f i c i e n t l y  l a r e e  t h a t  s i g n i f i c a n t  ( 3 1  a l v e o l u s )  
volumes o f  l u n e  t i s s u e  w i l l  he exposed t o  i n t e n s e  r a d i a t i o n  exposure 
(51000 rem) w i t h i n  a meaningful p h y s i o l o g i c a l  t i n e ;  5) s t u d i e s  of  
t h e  e f f e c t s  o f  i n t e n s e  l o c a l  r a d i a t i o n  ( A l b e r t ,  I iulse  ( s k i n )  , Kaldague 
( k i d n e y ) ,  d e p o s i t i o n  h o t s p o t e  i n  bone s e e k i n e  a l p h a  e m i t t e r s )  s u g g e s t  
t h a t  d e s p i t e  t h e  n e a r  m i t o t i c  s t e r i l i z a t i o n  of  t h e  involved  t i s s u e  
nn  enhanced c a r c i n o g e n i c  p o t e n t i a l  may e x i s t ,  i n  t h e  s e n s e  t h J t  energy  
diGsipaCed i n  n l i m i t e d  volume may be f a r  more c a r c i n o g e n i c  t h a n  if t h e  
same r a d i a t i o n  were t o  d i s s i p a t e  i ts energy over  a l a r g e r  volume. 
The q u e s t i o n  is t h e n  do the  larger p a r t i , c u l a t e s  i n  a plutonium a e r o s o l  
l e a d  t o  a o s o c i a t e d  a l v e o l a r  exposures  t h a t  have enhanced c a r c i n o g e n i c  
p o t e n t i a l .  If they do,  t h e n  prefient s t a n d a r d s  c a n  be i n  e r r o r  by 2-3 
o r d e r s  o f  magnitude. Notice t h a t  t h e  emphasis h e r e  is on the  anomalous 
r i s k  t h a t  may be  a s s o c i a t e d  w i t h  a s i n g l e  p a r t i c l e ;  and t h a t  i f  any  
t h r e s h o l d  i s  r e l e v a n t ,  i t  is  n o t  t h e  dose t h r e s h o l d  s i n c e  l o c a l  exposures  
are l a r g e ,  b u t  r a t h e r  a s t r u c t u r a l  or volumetr ic  t h r e s h o l d  t h a t  n u s t  
b e  exceeded by t h e  p h y s i c a l  e x t e n t  of t h o  exposure ;  and f i n a l l y  t h a t  
t h i s  is a v e r y  s p e c i a l  c a s e  o f  t h e  low exposure problem, a c a s e  t h a t  
i s  p e c u l i a r  t o  plutonium as an i n s o l u b l e  aerosol - forming ,  l o n g  l i v e d  
a lpha-emi t te r .  

I n  r e l a t i o n  t o  t h e  preceding ,  t h e  Banford beagle  s t u d y  (‘VI-10 m i c r o c u r i e s  
i n i t i a l  l u n g  burden)  showed c a n c e r s  a p p e a r i n g  i n  c o n j u n c t i o n  w i t h  r a d i a t i o n  
induced l e s i o n s .  I n  a d d i t i o n ,  a dog having  s u b s t a n t i a l l y  l e s s  burden 
was premature ly  s a c r i f i c e d  and no l e s i o n s  or c e n c e r s  were found. 
woulp, however, be p r e c a r i o u s  t o  i n f e r  t h a t  absence  o f  lesions i n p l i e s  
no c a r c i n o g e n i c  p o t e n t i a l ,  or e q u i v a l e n t l y  t h a t  r a d i a t i o n  induced 
l e s i o n s  a r e  a n e c e s s a r y  c o n d i t i o n  l o r  h i g h  dose c a r c i n o g e n e s i s .  This 
poink is i l l u s t r a t e d  by A l b e r t ’ s  r a t  Bkin experiment ,  where c a r c i n o g e n e s i s  
was opt imal  in a p r e - u l c e r a t i v e  regime o f  l e s s  d r a s t i c  r a d i a t i o n  i n j u r y .  

(I enclosed  UCRL-50387 and GT-121 as s o u r c e s  of supplementary  d i s c u s s i o n ) .  

I t  would be  u s e f u l  t o  have a formal  documentation o f  p a s t  plutonium 
e x p e r i e n c e  f o r  humans, i n  o r d e r  t o  judge t h e  e x t e n t  t o  which t h a t  exper ience  
c a n  be used t o  q u a n t i f y  t h e  hazards  of  plutonium. I n  t h e  p a s t  2 y e a r s  
t h e  ACC h a s  e s t a b l i s h e d  a plutonium r e g i 6 t r y  a t  lianford. 
u s e f u l  documentat ion i s  a v a i l a b l e  from t h e  r c g i s t r y ,  I am unaware of i t .  

D r .  Langham a t  LASL h a s  f o r  some 25 yearn  fol lowed 12 humano w i t h  
burden5 i n  eXCCSG of  a FIPL. It i n  my impress ion ,  perhaps  e r roneous ,  
t h a t  t h e s e  burdens  l a r g e l y  d e r i v e  from exposureo cxper ienccd  i n  a wastc  
r e c o v e r y  a r e a  where t h e  plutonium nerofiol  was i u  f a c t  a d i l u t e  GOlUtiOn. 
If  t h i e  is t h e  c a s e  t h e  re levanco  of t h i u  documentat ion t o  particulate 
expoouro would be opecula t ive .  

a n  a p p r e c i a b l e  mass f r a c t i o n  of t h e  a e r o s o l  is a s s o c i a t e d  

It 

I f  any c u r r e n t l y  
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111dc:~cndc.nt of the  bio1oy;ical q u q s t i o n s ,  t h e r e  a r c  s u b s t a n t i a l  and 
tiii:nific:-.nt u n c c r t a i n k i c s  a s s o c i a t e d  w i t h  the  rccuspencion  of  plutonium 
n u r f a c c  c o n h e i n a t i o n .  The Gubjcct r e c c i v c s  c ~ s c n t i a l l g  no comment i n  
thc d r a f t  s ta tement .  I n  the  case  of accidcn. tn1 r c l c a s e  of  plutonium 
v i  t h  conncqucnt contaminat ion  of an u n c o n t r o l l e d  a r e a ,  resuspenGion 
p1icnonen.i a l o n e  wi th  c a r c i n o g e n i c  i n j u r y  w i l l  de te rmine  t h e  hazard  t o  
i n h a b i t z n t s  of  t h e  area.. U n c e r t a i n t i e s  i n  t h e s e  two fac torG w i l l  be 
i m p o r t a n t  i n  t h e  p u b l i c  de te rmina t ion  of a n  a c c e p t a b l e  l e v e l  of  s u r f a c e  
c o t i t m i n a t i o n ,  e s p e c i a l l y  i n  t h e  absence of o f f i c i a l  guidance f o r  thiG 
l a t t e r  q u a n t i t y .  The a c c e p t a b l e  l e v e l  of  contaminat ion  w i l l  i n  t u r n  
de te rmine  t h e  c o s t s  of c leanup of  p r o p e r t y  and l o n g  term d isp lacement  of 
people .  I s u g g e s t  t h a t  Dr. H a r t e l l  is more competent t h a n  myself t o  
d i s c u s s  t h e  p h y s i c a l  b a s i s  of  t h i s  t o p i c .  

By c o n j e c t u r i n g  e s s e n t i a l l y  no r e l e a s e s  and a s u b s t a n t i a l  s a f e t y  f a c t o r  
i n  p r e s e n t  s t a n d a r d s ,  t h e  d r a f t  s ta tement  makes t h e  f a c i l i t y  a p p e a r  
u n r e a l i s t i c a l l y  benign. I b e l i e v e  t h a t  i t  would be a p p r o p r i a t e  i f  t h e  
p o t e n t i a l  envi ronmenta l  i n p a c t  were g i v e n  r e a l i z a t i o n  by one or by both 
o f  t h e  f o l l o w i n g  examples. 

1) By c o n j e c t u r i n g  a n  a c c i d e n t  r e l e a s e ,  and u s i n g  p r e s e n t  knowledge 
of d i s t r i b u t i o n ,  resuspens ion ,  d e p o s i t i o n  and l u n g  c a n c e r  r i s k s  t o  e s t i m a t e  
t h e  magnitudes and u n c e r t a i n t i e s  of t h e  hazards  t o  which cont iguous  
Denver could  be exposed. Something of  t h i s  s o r t  is do e i n  "The r - t i c a l .  

F u e l  F a b r i c a t i o n  and Radio iso tope  Process ing  P l a n t s "  ORNL-3441 ( s e e  
a t t a c h e d  e x c e r p t ) ;  and the t echniques  of  t h a t  s t u d y  c o u l d  be ex tended  
and r e f i n e d  for  t h e  s p e c i f i c  c a s e  o f . t h e  proposed Plutonium Recovery 
F a c i l i t y .  The s t u d y  should be developed t o  t h e  p o i n t  of roughly  e s t i m a t i n g  
e x t e n t  o f  human i n j u r y ,  s c a l e s  o f  evacuat ion ,  c o s t s  o f  c l e a n  up and 
e v a c u a t i o n  a8 a f u n c t i o n  of  plutonium exposure s t a n d a r d s  and ground 
contaminat ion  c r i t e r i a .  Even though contaminat ion  from t h e  May ' 6 9  
f i r e  a t  Rocky F l a t s  w a s  a p p a r e n t l y  conta ined ,  t h e  magnitude of t h e  f i r e  
w a s  s u f f i c i e n t  t o  demonstrate  t h a t  a major r e l e a s e  from such an occurrence 
wae conce ivable  and hence should  be considered.  

P o s s i b i l i t i e s  and Consequences of  Najor  Accidents  i n  and Pu 429 

2 )  By d i s c u s s i n g  t h e  environmental  i m p l i c a t i o n s ,  p a s t  and f u t u r e ,  
o f - t h e  p r e v i o u s  o p e r a t i n g  h i s t o r y  of  t h e  Rocky F l a t o  f a c i l i t y .  In e f f e c t ,  
this would mean c o n s i d e r i n g  t h e  i m p l i c a t i o n s  of  t h e  anamalour o f f  s i t e  
contamination discovered  by Dr. l i a r t e l l  i n  1969, s i n c e  t h i s  t o t a l  
contaminat ion  w a s  some o r d e r s  of  magnitude l a r g e r  t h a n  t h e  plutonium 
r e l e a s e d  i n  t h e  p l a n t ' s  i n t e g r a t e d  a i r  and water  e f f l u e n t .  For t h i s  
analysis, r e s u s p e n s i o n s  would be r e l a t e d  t o  a n  on s i t e  s o u r c e  of  contamina- 
t i o n ,  U n c e r t a i n t i e s  i n  a s s o c i a t e d  human exposures  and i n  t h e  impl ica t ion t i  
o f  t h e s e  e x p o s u r e s  would be descr ibed.  S i g n i f i c a n c e  of  f u t u r e  r e s u s p e n s i o n  
would a l r o  be def ined .  Such a n  e v a l u a t i o n  would Give a pragmat ic  
measure of  t h e  l e v e l  o f  environmental  p r o t e c t i o n  a f f o r d e d  by t h e  f a c i l i t y  
in t h e  p a s t ,  as wel l  a6 a s e n s e  of p r o p o r t i o n  f o r  t h e  h a z a r d  i n h e r e n t  
i n  n plutonium h a n d l i n e  f a c i l i t y .  

I would a p p r e c i a t e  h e a r i n g  how t h e  EPA chooces t o  d e a l  w i t h  t h i s  
cnvi ronmenta l  fitntement. If I can be o f  Gervice t o  your  o r g a n i z a t i o n ,  
I w i l l  coopera te  i n  any  way t h a t  I can. 

S i n c e r e l y  yours,  

Donuld Geesaman 

Encr U C R L - ~ O ~ ~ ~ ,  GT-121, OnML-3441 e x c e r p t  
DG ; d l p  
c c :  D r .  E. A. Marte:l NCAR 
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RE: Los Alamos Sy r ian  Hamster Experiment 

I n  para. 2, p. 24 o f  my w r i t t e n  testimony, and i n  response 85 of my 

responses t o  comments and quest ions o f  t h e  Panel, I commented on the  n e a r l y  

completed Los Alamos Sy r ian  hamster experiment (2000 plutonium-loaded microspheres 

pe r  animal, e i g h t  exposure l e v e l s ,  % 70 animals per  exposure l e v e l ) .  

s ta ted :  

There I 

" v i r t u a l l y  no l e s i o n s  o f  any s o r t  were observed i n  
con junc t i on  w i t h  t h e  p lu ton ium microspheres;" 

and 

"The Los Alamos experiment r e s u l t e d  n o t  o n l y  i n  
v i r t u a l l y  no cancers, but ,  as I read the  l i t e r a t u r e ,  
i n  very l i t t l e  evidence o f  i n j u r y  i n  the  t i s  ue 
adjacent  t o  t h e  h o t  p a r t i c l e s .  It 

These statements were the  bas i s  f o r  some o f  my subsequent d 

experiment. The statements were grounded s p e c i f i c a l l y  upon 

scussion of  t h i s  

a recen t  sunimary 

of observed r e s u l t s  taken f rom "A Rad iob io log i ca l  Assessment o f  t h e  S p a t i a l  

D i s t r i b u t i o n  o f  Rad ia t i on  Dose from Inhaled Plutonium" (WASH-1320) , W .  Ba i r ,  

C. Richmond, and B. Wachholz (September 1974), which s t a t e d  (emphasis added): 

"NO aber ran t  c l i n i c a l  s igns have been observed 
i n  any o f  t h e  animals t h a t  have d i e d  o r  have been 
s a c r i f i c e d  t o  date. Blood samples have revealed 
no abnorma l i t i es  even a f t e r  l ong  exposures and 
t h e r e  have been no r e g i o n a l  lymph node e f f e c t s .  
Occasional ly ,  smal l  accumulations o f  macrophages 
a r e  seen around spheres b u t  t h e  f i b r o u s  encapsulat ion 
p r e v i o u s l y  descr ibed f o r  t h e  l a r g e r  more r a d i o a c t i v e  
(about 180 micron diameter)  spheres (Richmond e t .  a l . ,  
1970, 1974) a r e  n o t  seen. 
tumors were observed amcng animals i nc luded  i n  
Table III-C. 
of t h e  l ung  a f t e r  9 .5  months exposure t o  2000 
microspheres each con ta in ing  0.42 p i c o c u r i  e a1 pha 
a c t i v i t y  ( l e v e l  2A). Another animal developed a 
l ung  sarcoma a t  t h e  same exposure l e v e l  a f t e r  12 
months. 'I 

Two r a r e l y  o c c u r r i n g  

One hamster developed an angiosarcoma 

(P. 19) 
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and 

" I n  a study o f  239Pu0 particles administered 
by intraperitoneal injec f i on  i n  rats, about  2% of 
the plutonium was found i n  the vasculature of the 
lung  300-500 days post-injection (Sanders, i n  press).  
The mean lung doses from these plutonium part ic les  
of > 0.3 pm diameter ranged from 10 t o  600 rads 
for  three treatment levels: 0.072, 0.360 and 2.900 
pCi.  O f  106 rats t h a t  survived longer than 200 
days ( l i f e  shortening occurred i n  the highest dose 
groups and was due t o  irradiation of the peritoneal 
cavity) , one rat i n  the lowest dose group died w i t h  
a bronchi ol ar-a1 veol ar adenocarcinoma a f t e r  823 

While I had no t  seen the reference, (Richmond and Sullivan, 1974), 1 took 

the above description to be a proper representation of the experimental resul ts .  

In the past week i t  has come t o  my attention that  the preceding 

description i s  a t  variance w i t h  the description given i n  the cited suppor t ing  

reference, "Annual Report of the Biomedical and Environmental Research Program 

of the LASL Health Division," C. Richmond and E. Sullivan (May 1974). I have 

subsequently seen that  reference and I quote here some observations on the 

Syrian hamster experiment taken from the section on Biological Results 

(emphasis added) : 

"Most of the animals placed on study early i n  
the program have reached the end of the i r  normal 
l i f e  span w i t h o u t  developing significant pulmonary 

"Most of the animals placed on study early i n  
the program have reached the end of the i r  normal 
l i f e  span w i t h o u t  developing significant pulmonary 
lesions. 
observed some histological changes i n  the lungs 
of very long-term animals (15-20 months).  I n  these 
animals, an extension o f  bronchiolar epithelium 

During the past few months, we have 
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into the aveolar ducts and alveoli has occurred. I n  
some cases, the alveoli are lined with cuboidal or 
columnar epithelial  ce l l s  (Fiq.1). This lesion has 
been observed almost entirely i n  the higher ac t iv i ty  
levels  (levels 4-6) and in animals given relatively 
smal 1 numbers of spheres (2000-6000). An interesting 
recent observation has been the identification of a 
similar lesion i n  animals from a lower ac t iv i ty  
group (level 3 )  which had been given larger numbers 
of spheres of approximately 60,000 (F ig .  2 ) .  T h i s  
group of animals has been exposed only about 6 months. 
A consistent observation o f  t h i s  lesion a f t e r  
drast ical ly  different  induction times could lead 
to  speculation that  the amount of t issue irradiated 
is  an important element i n  timing of the tumorigenic 
response. There has been no increase i n  frank tumors 
observed w i t h i n  the pas t  year; however, the epi thel ia l  
changes. described above could be considered as 
Drecursors of DeriDheral adenomas. " 

Omitting these observations from the l a t e r  report (WASH-1320) resulted i n  a 

defective representation o f  the experimental results o f  that  experiment. 

In particular,  considering the short life-span of the hamster, the 

appearance of these l a t e ,  potentially pre-cancerous, lesions implies a severe 

qualification on the observation. that  vir tual ly  no ( 'L 10-6/particle) tumors 

have occurred i n  the fixed par t ic le  burden Syrian hamster experiment. Moreover, 

the inclusion of these observations makes the resul ts  of the experiment less  

of an anomaly, and makes them much more compatible w i t h  an interpretation 

based upon t issue disruptive processes and the ho t  par t ic le  hypothesis. 
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UNITED STATES 
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

WASH!NGTON, D.C. 20545 

Mr. Donald P. Geesanan 
Associate Professor  
School of Public Affairs 
Universi ty  of Minnesota 
Minneapolis, Minnesota 55455 

Dear Mr. Geesanan: 

Thank you f o r  your letter of A p r i l  9, 1975 commenting on the  Proposed 
F i n a l  Environaiental Statement (PFES) on the  Liquid Metal F a s t  Ereeder 
Reactor (LXFBR) Program. Your comments i n d i c a t e  t h a t  you f e e l  that 
responses to  your cc*mments OD the Dtaft Environmental Statement on the 
LMFBR Program were o f t e n  not  adequate, in EioCe cases because t h e  Atomic 
Energy Commission apparent ly  d id  not  3nderotand them. We t r u s t  t h a t  
the present  responses t o  your comeIits w i l l  f u r t h e r  expla in  t h e  
previous responses and hope t h a t  you w i l l  f i n d  t h e s e  t o  be adequate. 

Responses t o  your s p e c i f i c  comments and a copy of t h e  F i n a l  Environ- 
mental Statement are enclosed. Thank you aga in  f o r  your comments. 

Sincerely,  

W s i s t a n t  M n i n i s t r a t o r  f o r  
Environment and Safety 

Enclosures: 
1. ERDA Staff Responses t o  

2. F i n a l  Environmntal  Statement, 
Spec i f ic  Coments  

LHFBR Program 
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ERDA Staf f  Responses t o  Comments 
by Mr. Donald P .  Geesaman 

The following ERDA responses are keyed t o  Fir. Geesaman's numbered 
coments .  M r .  Geesaman chose t o  r e l a t e  h i s  comments on the  PFES t o  
ERDA responses t o  h i s  comments on the  DES. 
comen t s  are s t ruc tured  around the  responses of AEC s t a f f  t o  my 
i n i t i a l  comments on t h e  AEC Draf t  Environmental Statement, Liquid 
Metal Fas t  Breeder Reactor Program." 

As he s t a t ed ,  "These 

ERDA Responses : 

The following 4 responses are t o  M r .  Geesaman's numbered comments on 
r eac to r  acc idents  (pages 1-1 t o  1 -4  of h i s  comments). 

1. Referr ing back t o  t h e  f u l l  five-page comment on the  d r a f t  statement,  
i t  appears t o  confine i t s e l f  t o  reac tor  sa fe ty .  
AEC rep ly  appl ied t o  o t h e r  p a r t s  of t h e  f u e l  cycle  as w e l l ,  as 
s t a t e d  i n  the  reply.  

Nevertheless the  

2. 

3. 

The suggested modif icat ion of the AEC paraphrase is noted. 

A s  explained i n  Sect ion 4.2.7 of the  PFES and fu r the r  e laborated 
upon in Sect ion I11 B of t h e  FES, the  l ikel ihood of occurrence can 
be made s m a l l  wi th  cur ren t  technology (and &made small  i n  cur ren t  
f a c i l i t i e s ) .  
occur,  i t  is t he  goal  of t h e  LMFBR sa fe ty  program t o  not only 
minimize the  frequency of occurence of accidents ,  but  a l s o  t o  
limit t h e i r  consequences. 

While i t  cannot be argued t h a t  no accidents  w i l l  

4. Although it might c l e a r l y  be lese expensive t o  d i s rup t  a r eac to r  
or o t h e r  f u e l  cyc le  component than t o  construct  i t ,  it cannot be 
ca t egor i ca l ly  assumed it  is easier t o  do subs t an t i a l  damage, 
without consider ing a l l  of t h e  p ro tec t ive  c a p a b i l i t i e s  of t he  
systems involved. 

This comment appears t o  be based pr imari ly  on phi losophical  
d i f f e rences  i n  evaluat ion of t he  ease of committing de l ibe ra t e  
des t ruc t ive  acts. Acknowledging that s p e c i f i c  conclusions are 
d i f f i c u l t  t o  a r r i v e  a t  i n  t h i s  f i e l d ,  t he  pos i t ion  of t he  s t a f f  
remains as s t a t ed  i n  the PFES. 

The following responses are t o  M r .  Geesaman's numbered comments on 
plutonium t o x i c i t y  (pages 2-1 t o  2-6 of h i s  comments). 

1. The commentor's opinion of t he  ICRP Task Group's Report is of 
i n t e r e s t .  However, he provides no j u s t i f i c a t i o n  f o r  ERDA t o  
ignore the  conclusions and opinions of members of t he  ICRP and 
its Task Groups. 
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2. Estimating human h e a l t h  r i s k s  from t h e  environmental  d i s p e r s a l  of 
plutonium r e q u i r e s  e x t r a p o l a t i o n  from re l evan t  human da ta ,  which 
gene ra l ly  does not  i nc lude  exposure t o  the  t r a n s u r a n i c  elements , 
and from experimental  animal d a t a  invo lv ing  plutonium. Problems 
involved i n  these  e x t r a p o l a t i o n s  were discussed i n  Sect ion II.G.5.5 
of t h e  PFES. Because n e i t h e r  approach i s  d e f i n i t i v e ,  both methods 
were used and discussed i n  t h e  PFES, and e s t i m a t e s  of h e a l t h  
consequences made by the  two methods are mutually suppor t ive ,  with 
no l a r g e  v a r i a t i o n s  i n  the  estimates. EPJ)A agrees  t h a t  t h e  
mechanisms underlying the  o r i g i n s  of cancer a r e  poorly understood. 
Relevant d a t a  is of g r e a t e r  importance than hypothesized mechanisms. 
Such d a t a  is normally obtained from observed e f f e c t s  i n  man o r  from 
observed e f f e c t s  i n  experimental  animals. 
s t u d i e s  is discussed i n  t h e  PFES, pages VII.53-116 t o  VII.53-118. 

The use  of t h e  word 'Isuppose" imp l i e s  assumptions which are then 
used t o  ph i losoph ica l ly  develop an argument based on t h e  r e s u l t i n g  
l o g i c .  However, t h e  purpose of  t he  analogy -remains unclear ,  and 
appa ren t ly  is no t  s u b s t a n t i v e  t o  t h e  commentor's p o s i t i o n ,  as i s  
acknowledged i n  h i s  comnent 7. 

The relevance of animal 

6. 

9. D r .  Alber t  d i scussed  t h e  d a t a  from h i s  l abora to ry  and t h e  ' h o t  
p a r t i c l e ' '  hypothesis  i n  a s ta tement  dated March 25, 1974, which 
has  been publ ished i n  WASH-1359 , "Plutonium and Other Transurnnium 
Elements: Sources,  Environmental D i s t r i b u t i o n  and Biomedical 
E f f e c t s , "  U.S. Atomic Energy Commission, k c e m b e r  1974, and i n  
t h e  "Proceedings of Pub l i c  Hearings: Plutonium and t h e  Other 
Transuranium Elements," Vol. 1, ORP/CSD-75-1, U.S. Environmental 
P r o t e c t i o n  Agency, 1974. 

10. The comnentor argues a g a i n s t  t h i s  conclusion by mans of an 
analogous "nonsense example. ' I  Data o r  r e fe rences  t o  support  
such an argument are no t  i d e n t i f i e d .  

11. The i n f e r e n c e ,  n e v e r t h e l e s s ,  is p r e s e n t ,  and t h e  c o m e n t  does no t  
address  the  f a l l i n g  p a r t  of t h e  curve.  

12. The r e fe rence  paragraph 2 ,  page 10 states only t h a t  " t h i s  is no t  
p e r t i n e n t  t o  previous arguments" and must be considered t h e  
commentor's opinion. 

13. The p o s s i b l e  r e l a t i o n s h i p  between cancer i nduc t ion  and ce l l  via- 
b i l i t y  or m i t o t i c  competence i s  n o t  denied. Iluwever, t h i s  
r e l a t i o n s h i p  is not  w e l l  understood f o r  any type of r a d i a t i o n  o r  
any t issue. '  It is  even less understood f o r  a lpha i r r a d i a t i o n  of 
lung t i s s u e .  The s t u d i e s  of Barendson and Albert  involve r a t  
s k i n s ;  t h e  r e fe rence  t o  t h e  s t u d i e s  of :,!ithers is  no t  s p e c i f i e d .  
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14. This imp l i ca t ion  would be dependent upon t h e  relevance,  
conclusiveness  and e x t e n t  of t h e  omit ted experiments. 

15. The relevance of  t he  Albert  and t h e  Maldague d a t a  t o  inha led  
p a r t i c l e s  of plutonium dioxide is not clear. 
l a r g e  areas of t h e  s k i n  wi th  low o r  high LET r a d i a t i o n .  The 
a p p l i c a b i l i t y  of t h i s  d a t a  has  been discussed i n  WASH-1359 by 
D r .  A lbe r t  ( s ee  response t o  comment 9 )  and i n  o t h e r  p u b l i c a t i o n s  
(e.g., WASH-1320, LA-5810-MS). Maldague uniformly i r r a d i a t e d  
t h e  l e f t  kidney of r a t s  and of mice wi th  X-rays. In  both experi- 
ments t h e  i r r a d i a t e d  areas are extremely l a r g e  i n  comparison t o  
t h e  p o i n t  a t  i s s u e .  

S ince  t h e  primary b a s i s  f o r  t h e  co rnen to r ' s  hypothesis  is t h e  
A l b e r t  data, i t  is n o t  s u r p r i s i n g  t h a t  t h e  commentor f i n d s  t h e  
f a c t  t h a t  t h e  same d a t a  can be used t o  chal lenge t h e  hypothesis  
"hardly d i s p o s i t i v e  .'I 

Few h e a l t h  i s s u e s  i n  the  p u b l i c  domain are r e s o l v a b l e  by 
s i m p l i s t i c  s o l u t i o n s  which f i n d  no acceptance from knowledgeable 
e c i e n t i f i c  o rgan iza t ions .  

ERDA ag rees  t h a t  t h e  r e l a t i o n s h i p  of  t hese  processes  t o  r a d i a t i o n  
ca rc inogenes i s  is inadequately understood, although t h e i r  
e f f e c t i v e n e s s  is n o t  denied by t h e  commentor. The opinion is 
noted as t h a t  of t h e  commentor. 

A lbe r t  i r r a d i a t e d  

17. 

See a l s o  response t o  comment 9. 

19. 

20. 

21. ERDA ag rees  t h a t  t h e  r o l e  of t he  body's defense mechanism, t h e  
immune system, i n  suppression of t he  growth of transformed ce l l s  
is inadequately understood. However, s u f f i c i e n t  information is 
known t o  j u s t i f y  cons ide ra t ion  of t h e  immune system wi th  regard 
to carcinogenic  processes .  

ERDA f u l l y  agrees .  For t h i s  reason r e l i a b l e  relevant d a t a  are 
used where a v a i l a b l e ,  and conse rva t ive  assumptions are made 
where d a t a  is n o t  a v a i l a b l e .  However, prudence does n o t  
r e q u i r e  t h a t  t h e  mst conse rva t ive  approach, r e g a r d l e s s  of i ts 
s c i e n t i f i c  foundation o r  acceptance,  o r  l a c k  t h e r e o f ,  be used. 
U n t i l  a d d i t i o n a l  s c i e n t i f i c a l l y  v a l i d  evidence sugges t s  t h a t  
t he  approach taken by ICRP, NCRP, and ERDA is n o t  a p p r o p r i a t e ,  
i t  is considered a conse rva t ive  answer. Since t h e  p u b l i c a t i o n  
of  t h e  LMFBR PFES, a number of  o t h e r  o rgan iza t ions  have 
expressed themselves on t h e  "hot p a r t i c l e "  i s s u e .  
o r g a n i z a t i o n s  conclude e i t h e r  t h a t  (1) t h e  hypothesis  upon which 
t h e  "hot p a r t i c l e ' '  argument is based is n o t  a v a l i d  one, or 
(2) t h a t  averaging t h e  dose throughout t h e  lung is prope r  and 
conse rva t ive  o r  both.  These o rgan iza t ions  inc lude  t h e  Medical 

22. 

A l l  of t hese  
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Reaearch Council  of  t h e  United Kingdom, the  Nat ional  Radiological  
P r o t e c t i o n  Board of t h e  United Kingdom, t h e  Los Alamos S c i e n t i f i c  
Laboratory,  t h e  Science and Technology Advice and Information 
Se rv ice  of t h e  Biophysical Soc ie ty ,  and t h e  Nat ional  Council on 
Radiat ion P r o t e c t i o n  and Measurements. Where matters of t he  
pub l i c  h e a l t h  are concerned, i t  would be inappropr i a t e  f o r  ERDA 
to base assessment of h e a l t h  r i s k  on a method which is  con t ra ry  
to t h e  overwhelming weight of s c i e n t i f i c  opinion.  

23. In  t h e  referenced paragraph t h e  commentor sugges t s  cau t ion  i n  
d i s c u s s i n g  t h e  experiments of L i t t l e  e t .  a l .  and of Passonneau 
et. al.;  he does n o t  p r e s e n t  d a t a  o r  r e fe rences  t o  r e f u t e  the  
conclusions r e f e r r e d  to. 

24. The a p p l i c a b i l i t y  of t he  Albe r t  d a t a  t o  inhaled p a r t i c l e s  of 
plutonium and t h e  v a l i d i t y  of t h e  "hot p a r t i c l e "  hypothesis  
have been discussed by Dr. Albert (see response to  comment 9) 
and i n  o t h e r  p u b l i c a t i o n s  (e.g., WASH-1320; LA-5810-MS). 

While t h e  a l g e b r a i c  sign is no t  i d e n t i f i e d  and may r e f l e c t  a degree 
of unce r t a in ty  i n  e i t h e r  d i r e c t i o n ,  t h e  remainder of t h e  comment is 
specu la t ion  and the  commentor's opinion.  

25. 

26. The s ta tement  means t h a t  t he  bases  of t h e  a u t h o r ' s  hypothesis  t e l l  
us  l i t t l e  o r  nothing about a c t u a l  tumor p r o b a b i l i t y .  

27. ERDA does n o t  see where t h e  language of t he  c i t a t i o n s  states t h a t  
t h e  NCRF' and t h e  ICRP e x p l i c i t l y  o f f e r  no guidance. 

It is a l s o  t h e  opinion of  numerous ind iv idua l s ,  committees and 
boards which review and/or approve the  documents of t h e  NCRP and 
t h e  ICRP p r i o r  t o  pub l i ca t ion .  I f  t he  commentor wishes t o  t ake  
i s s u e  with t h e  philosophy of  t h e  ICRP and NCRP, we suggest  t h a t  
he should address  those o rgan iza t ions  d i r e c t l y .  

28. 

30. The po in t  of t h e  quoted passage i s  r e l e v a n t  t o  whether o r  no t  t he  
lung,  t he  lymph nodes o r  both should be considered the  c r i t i c a l  
t i s s u e ,  and, correspondingly,  whether t he  dose should be averaged 
ove r  t h e  lung, lymph nodes, o r  both.  NCRP opinion on t h i s  i s s u e  
can be found i n  NCRP Report No. 46 ( i n  p r e s s ) .  

31. The comment states,  "...consensus in e r r o r  may provide amiable 
agreement aiongst f e d e r a l  agencies ,  b u t  seems ha rd ly  a d e s i r a b l e  
b a s i s  f o r  dec i s ions  invo lv ing  the p u b l i c  h e a l t h  and sa fe ty . "  That 
t h e  commentor f i n d s  t h a t  two f e d e r a l  agencies  independently have 
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a r r ived  a t  similar r e s u l t s  apparent ly  is disagreeable  t o  him but 
no evidence is presented t h a t  t he  ca l cu la t ions  a r e  i n  e r ro r .  
po in t  and context  of t he  comment is not clear s ince  no comment 
w a s  addressed t o  the  AEC response t o  the  discussion of t he  
Hanford Beagle da t a  on pages 15 and 16 of the  commentor's o r i g i n a l  
connnent . 

The 

32. ERDA apprec ia tes  t he  caut ion expressed by t h e  commentor, but  restates 
t h a t  t he  concept of a "threshold burden" w a s  not  used i n  the  Draf t  
Statement o r  in t he  PFES t o  est imate  r i s k s ,  but  was introduced by 
other persons. 

33. ERDA does not  f i nd  re ference  t o  t h e  term "reassurance" e i t h e r  i n  
Appendix 24, AEC Authorizing Legis la t ion-Fiscal  Year 1971, P a r t  4, 
o r  i n  the  AEC Draft Environmental Impact Statement, Rocky F l a t s  
P l an t  Plutonium Recovery F a c i l i t y ,  WASH-1507, Apr i l  1971. 
IIanford beagle s tud ie s  are discussed b r i e f l y  i n  both documents with 
respec t  t o  the  d a t a  ava i l ab le  from those s tud ie s  a t  t he  time the  
s ta tements  were made; 1970 and 1971, respec t ive ly .  I n  both cases  
t h e  r e s u l t s  ava i l ab le  a t  t h a t  t i m e  a r e  discussed with respect  to 
s tandards,  but  the statement regarding "reassurance" is t he  
conmentor's. 

The 

3 4 .  

35. 

See response t o  comment 15. 

Again, re ference  is made t o  A l b e r t ' s  comments on the  in t e rp re t a t ion  
of his own d a t a  as used t o  support  t he  "hot pa r t i c l e "  hypothesis.  
ERDA f u l l y  recognizes the  elegance and in t e l l i gence  of t he  conception 
of the  referenced s tud ie s  and that the  r e s u l t s  are usefu l  f o r  
reasonable  hypotheses, but  this does not  include ex t rapola t ion  of 
t h i s  da t a  t o  inhaled p a r t i c l e s  of alpha-emitting radionucl ides .  

36. 

37. 

See response to comment 22. 

See response t o  comment 23. 

38. While the  "comment" argues t o  the  contrary,  re levant  d a t a  are not  
provided t o  support  t he  argument, as ind ica ted  i n  the  AEC response. 

ERDA agrees  that i t  would be des i r ab le  t o  have had "an extensive 
epidemiological program" in place  f o r  "decades" from which 
"disposi t ive"  conclusions could be drawn which would have e l i m i -  
nated "uncertaint ies . .  . of hazard o r  sa fe ty . .  .'I. 

extensive epidemiological program'' has not  been i n  place f o r  
"decades," a l imi ted  program has been conducted f o r  near ly  30 
years;  moreover, de t a i l ed  exposure records have been maintained 

39. 

While "an 
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and are ava i l ab le  f o r  every person who ever worked with or i n  
proximity t o  plutonium. 
es tab l i shed  i n  1968. 
Information f rom cu r ren t  prospect ive epidemiological s tud ie s  
w i l l  become ava i l ab le  (e.g., a defined and s ign i f i can t  por t ion  of 
the po ten t i a l ly  exposed population, and appropriate  cont ro l  
populations,  must d i e  before  meaningful morbidi ty/mortal i ty  
pa t t e rns  and/or r e l a t ionsh ips  can be determined). Since the  
earlier plutonium workers i n  t h i s  population are only now i n  
middle age, it w i l l  be  a number of years ,  perhaps decades, before  
morbidity and mor ta l i ty  pa t t e rns  become apparent.  
records have been kept ,  i t  is not poss ib le  t o  "age" the  population 
any more rap id ly  than time permits,  and the  establishment of such 
s t u d i e s  "decades" ago would have done l i t t l e  t o  accelerate the  
passage of time. 

The po ten t i a l  involvements of l e g a l  procedures of any kind, even 
those that might favor  the  ind iv idua l ,  are of ten  a de te r r an t  t o  
voluntary pa r t i c ipa t ion  by some people i n  surveys, r e g i s t e r s ,  
epidemiological s tud ie s ,  etc. On the  o ther  hand, it could 
et imulate  the  pa r t i c ipa t ion  of o thers .  Whichever, the r e s u l t  
could be a biased study. 

The U.S. Transuranium Regis t ry  was 
It w i l l  take many years  before  s ign i f i can t  

Even though 

40. 

41. ERDA does not see where the  quoted statement negates the  s ign i f icance  
, of the  da t a  presented. A s  t he  commentor knows, research cont inual ly  

progresses,  r e s u l t s  are presented as they become ava i lab le ,  and con- 
c lus ions  are made and modified as j u s t i f i e d  by the  data .  

42. The reference of McInroy, e t  al., is not  clear. While h i s  da t a  
may modify somewhat t he  numerical values  re fer red  t o  i n  the  PFES, 
re ference  102 of Sect ion II.G, Volume 11, t he  statements and 
pos i t ions  are not inval idated.  I n  o ther  words, t he  McInroy, e t  a l . ,  
da t a  con t r ad ic t s  t h e  Geesaman hypothesis bu t  by a smaller number 
than t h a t  derived i n  WASH-1320 using assumed, but very near ly  
accurate ,  values .  However, t h e  l imi t a t ions  of McInroy's da t a  
should not be ignored, h i s  da t a  are from l imi ted  amounts of t i s s u e  
from a s ing le  person. 

ERDA agrees ,  but  i n  the  absence of fundamental theor ies  s c i e n t i f i c  
observat ions and f a c t s  are of g rea t e r  use than are debatable o r  
unsupported hypotheses o r  theor ies ,  considering the  present  s ta te  
of knowledge. 

P r inc ip l e s  derived from the  SM of pas t  experiences are more va l id  
Indica tors  than are unsupported o r  i l l -def ined theor ies  i n  the  
formulation of extrapolat ions.  
from experience--human o r  experimental--than it is from conf l i c t ing  
theories .  

4 3 .  

44. 

It is more reassuring t o  ex t rapola te  
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45. 

46. 

The implicat ion is the  comentor ' s  opinion. 

The referenced enclosure is an  expanded vers ion  of t he  previous 
comments submitted and provides l i t t l e  c l a r i f i c a t i o n  and no 
s c i e n t i f i c  j u s t i f i c a t i o n  f o r  t he  commentor's views. The i s sue  
remains as  before. 
Summary and Conclusions of t he  document, only the  Summary was 
included; t he re  i s  no sec t ion  iden t i f i ed  as the  Conclusions. 
However, t he  Summary concludes with t h e  commentor suggesting 
"that a proper bas i s  f o r  es tab l i sh ing  plutonium standards is the  
most conservat ive hypothesis cons is ten t  with s c i e n t i f i c  experi-  
ence." 
judgment i n  t h e  preparat ion of t he  PPES. 
tollowed in t he  PFES is the  "most conservative" method of 
ana lys i s ,  and t h a t  t he  ''hot pa r t i c l e "  hypothesis is ne i the r  
"most conservative" nor "consis tent  with s c i e n t i f i c  experience", 
has been supported by the  National Council on Radiation 
Pro tec t ion  and Measurements, t he  Medical Research Council of 
t h e  United Kingdom, t h e  National Radiological Pro tec t ion  Board 
of t he  United Kingdom, the  Los A l m s  S c i e n t i f i c  Laboratory, 
and the  Science and Technology Advice and Information Service 
of t h e  Biophysical Society.  

In t h e  commentor 's "Amendment t o  Testimony Concerning t h e  
Acceptabi l i ty  of Exis t ing Publ ic  Health Guidance f o r  Plutonium," 
he accuses the  au thors  of WASH-1320 of "a defec t ive  representa t ion  
of t he  experimental results of that ( the  Los Alamos microsphere 
s tud ie s )  experiment." The text of WASH-1320 i n  question, page 20, 
discusses  the  f ind ings  of Sanders: 

Although ERDA spec i f i ca l ly  is re fer red  t o  the  

ERDA agrees  wi th  that statement and has  followed t h i s  
That t he  procedure 

"In a study of 239Pu02 p a r t i c l e s  administered by intraperi-  
tonea l  i n j e c t i o n  i n  r a t s ,  about 2% of the  plutonium was 
found i n  the  vascula ture  of t he  lungs 300-500 days 
post- inject ion (Sanders, in press) .  The mean lung doses 
from these  plutonium p a r t i c l e s  of >0.3 pm i n  diameter 
ranged from 10 t o  600 rads  f o r  t h r e e  treatment leve ls :  
0.072, 0.360 and 2.900 p C i .  Of 106 rats t h a t  survived 
longer than 200 days ( l i fe  shortening occurred i n  t h e  
highest  dose groups and was due t o  i r r a d i a t i o n  of t he  
per i tonea l  cav i ty) ,  one rat i n  the  lowest dose group died 
with a bronchiolar-alveolar adenocarcinoma a f t e r  823 days. 
There w a s  no o the r  primary pulmonary neoplasia  and l i t t l e  
evidence of c e l l u l a r  r eac t ion  t o  the  plutonium p a r t i c l e s  
i n  the  lung, even among those cel ls  adjacent  t o  the  
p a r t i c l e s .  Inflammation, f i b r o s i s ,  and e p i t h e l i a l  
hyperplasia  and metaplasia  were not  observed. I n  general  
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these f indings agree with the  r e s u l t s  from the  cur ren t  
plutonium microsphere s tud ie s  a t  Los Alamos (Richmond and 
Voelz, 1972, 1973; Richmond and Sul l ivan,  1974)." 

This las t  quoted sentence purportedly is misleading when compared 
t o  t he  descr ip t ion  of the  study as described i n  the  Los Alamos 
Annual Report f o r  1973: 

"Most of t he  animals placed on study e a r l y  i n  the  program 
have reached the  end of t h e i r  normal l i f e  span without 
developing s i g n i f i c a n t  pulmonary les ions .  During the  
pas t  few months, we have observed some h i s to log ica l  
changes i n  the lungs of very long-term animals (15-20 
months). In these animals, an extension of bronchiolar 
epithelium i n t o  the  a lveo la r  ducts  and a l v e o l i  has occurred. 
I n  some cases, the a l v e o l i  are l ined  with cuboidal or 
columnar e p i t h e l i a l  cells. 
almost e n t i r e l y  i n  the  higher  a c t i v i t y  l e v e l s  ( l eve l s  4-6) 
and i n  animals given r e l a t i v e l y  small numbers of spheres  
(2000-6000). An i n t e r e s t i n g  recent  observation has been 
the  i d e n t i f i c a t i o n  of a s i m i l a r  l e s ion  i n  animals from a 
lower a c t i v i t y  group ( l eve l  3) which had been given 
l a r g e r  numbers of spheres,  approximately 60,000. T h i s  
group of animals has been exposed only about 6 months. 
cons is ten t  observation of t h i s  l e s ion  a f t e r  d r a s t i c a l l y  
d i f f e r e n t  induct ion times could lead t o  speculat ion t h a t  
t he  amount o f  t i s s u e  i r r a d i a t e d  is an important element 
i n  timing of t he  tumorigenic response. There has been no 
increase  i n  f rank tumors observed within the  pas t  year;  
however, t he  e p i t h e l i a l  changes described above could be 
considered as precursors  of per iphera l  adenomas." 

This l e s ion  has been observed 

A 

The r e f e r r a l  t o  Sander's da t a  i n  WASH-1320 addresses  inflammation, 
f i b r o s i s ,  e p i t h e l i a l  hyperplasia ,  metaplasia,  and a s ing le  
bronchiolar-alveolar adenocarcinoma. The reference then states 
t h a t  genera l  these f indings agree with the  resu l t s . .  .at Los 
Alamos" (emphasis added). ERDA does not f ind  the  sentence i n  the  
Los Alamos Annual Report r e fe r r ing  t o  the  "extension of bronchiolar  
epithelium i n t o  the  a lveo la r  ducts  and a lveol i "  t o  be contrary t o  
the  opinions as stated i n  WASH-1320; & g e n e r a l ,  t h e  f indings agree.  

It should be c l a r i f i e d  a l s o  t h a t  the  las t  p a r t  of t he  las t  sentence 
of t he  Los Alamos Annual Report is speculat ive and condi t ional .  It 
was s t a t e d  t h a t  "the e p i t h e l i a l  changes described...could be con- 
s idered a s  precursors  of per iphera l  adenomas.'' Whether the  changes 
were o r  were not  precursors  is an unresolved matter, and whether o r  
no t  adenomas would develop is speculat ive.  
no t  malignant, e p i t h e l i a l  tumor). 

(An adenoma is a benign, 
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The Las Alamos Annual Report f o r  1974 p rov ides  a d d i t i o n a l  i n fo rma t ion  
on t h i s  s u b j e c t :  

"As r epor t ed  las t  y e a r ,  e p i t h e l i a l  changes (metaplasia)  
have been observed a t  l a te  times (1-2 yea r s )  w i t h  s p e c i f i c  
activities above 4 pCi/sphere and lung burdens above 8 nCi. 
There w a s  an i n d i c a t i o n  t h a t  a s imi la r  e f f e c t  might occur  
a f t e r  6 months exposure t o  a lung burden of 55 nCi from 
0.9 pCi p e r  sphe re  p a r t i c l e s .  Continued o b s e r v a t i o n  of 
hamsters from t h e s e  and similar groups have f a i l e d  t o  
i d e n t i f y  any development of t h i s  l e s i o n  i n t o  a tumor." 

The commentor states t h a t  ".. .considering t h e  s h o r t  l i f e - span  o f  t h e  
hamsters,  t h e  appearance of t h e s e  late,  p o t e n t i a l l y  precancerous,  
l e s i o n s  imp l i e s  a severe q u a l i f i c a t i o n  on t h e  obse rva t ion  t h a t  
v i r t u a l l y  no (10'6/particle) tumors have occurred i n  the.. .hamster 
experiment .I1 

Lung cance r  has  been r epor t ed  to occur  i n  hamsters  fol lowing exposure 
to  alpha-emit t ing r ad ionuc l ides .  
Grossman, et al. (and r e f e r r e d  t o  i n  WASH-1320) and h a s  been 
confirmed a t  t h e  Los Alamos S c i e n t i f i c  Laboratory.  The re fo re  t h e  
l i f e - span  of t h e  hamster should be adequate  f o r  t e s t i n g  t h e  
hypo thes i s  t h a t  non-uniformly d i s t r i b u t e d  h o t  p a r t i c l e s  r e s u l t  i n  
a h i g h e r  lung cancer  i nc idence  than  more uniformly d i s t r i b u t e d  alpha- 
e m i t t i n g  r ad ionuc l ides  and r e s u l t  i n  a lung  cancer  p r o b a b i l i t y  of 1 
i n  2,000. The commentor appa ren t ly  i n t e r p r e t s  t h e  e p i t h e l i a l  changes 
desc r ibed  in t h e  Los Alamos Annual Report  f o r  1973 as be ing  
" p o t e n t i a l l y  pre-cancerous .I' 
r e p o r t  as perhaps being "considered as p r e c u r s o r s  of p e r i p h e r a l  
adenomas . I t  

no t  referenced. No sugges t ion  has ever been made that ce l lu l a r  
changes, as w e l l  a s  o t h e r  changes, could no t  be expected from 
p a r t i c u l a t e  plutonium i n  t h e  lung. However, t h e  test  of t h e  
hypo thes i s  is to determine whether or no t  t h e  p r o b a b i l i t y  of cancer 
induc t ion  is as claimed. 

This  h a s  been r e p o r t e d  by L i t t l e ,  

The changes are desc r ibed  i n  t h e  

The r e f e r e n c e  t o  "pre-cancerous" is n e i t h e r  supported 

It  is unfo r tuna te  t h a t  t h e  argumentation s e r v e s  t o  d i l u t e ,  d i f f u s e  
and d i v e r t  a t t e n t i o n  from t h e  primary i s s u e ;  namely, t h e  only 
numerical  conclusion s u b j e c t  t o  experimental  v e r i f i c a t i o n :  t h a t  
a s i n g l e  ' 'hot p a r t i c l e ' '  ha s  a p r o b a b i l i t y  of 1 i n  2000 of producing 
a tumor i n  r a t  s k i n .  On t h i s  b a s i s  t h e  "hot p a r t i c l e "  hypo thes i s  
w a s  formulated.  This  number is a well-defined q u a n t i t a t i v e  va lue  
which can be t e s t e d  wi th  minimal p o s s i b i l i t i e s  f o r  s u b j e c t i v e  
judgments and m i s i n t e r p r e t a t i o n s ;  i .e. ,  do "hot p a r t i c l e s "  i n  f a c t  
produce tumors wi th  a p r o b a b i l i t y  of 1 i n  2000? 
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The hypothesis rests upon d a t a  obtained from the  sk in  of a rodent;  
therefore  t h e  minimal ext rapola t ion ,  which would favor the  hypothesis 
t o  t h e  maximum degree,  would be t o  tes t  the  hypothesis i n  the  lungs 
of a rodent demonstrated t o  be s e n s i t i v e  t o  the  induct ion of lung 
cancer by alpha-irradiat ion.  . 

Hamsters exposed t o  "uniform" lung i r r a d i a t i o n  with alpha 
r ad ioac t iv i ty  e s t a b l i s h  the  nature ,  time s c a l e  and in t ens i ty  of 
this tumorigenic response. It is prec ise ly  t h i s  comparison of 
uniform i r r a d i a t i o n  wi th  p a r t i c u l a t e  i r r a d i a t i o n  t h a t  is a t  i ssue .  

The criteria are d e f i n i t i v e l y  posed by the  hypothesis and the  experi- 
mental  r e s u l t s  wi th  uniform lung i r r ad ia t ion .  
I s  1 i n  2000 hot  p a r t i c l e s ,  then one malignant tumor must appear 
wi th in  the  observa t iona l ly  es tab l i shed  time scale f o r  each 2,000 
p a r t i c l e s .  I f  t h i s  does not  occur,  t he  hypothesis is not  a va l id  
one. 
with high l e v e l s  of p a r t i c u l a t e  exposure might suggest that "hot 
pa r t i c l e s "  could lead  t o  cancer. 
i s sue .  
p a r t i c u l a t e  exposure and t h e  s p e c i f i c  claim of 1 in 2000 probabi l i ty  
f o r  t he  latter. 

I f  t h i s  cancer r i s k  

The quest ion is not  that marginal e f f e c t s  observed i n  connection 

T h a t  conclusion has never been a t  
The i s s u e  is t he  r e l a t i v e  production of tumors by d i f f u s e  vs. 

The r e s u l t s  of t he  d i r e c t l y  relevant experimental da t a  t o  d a t e  are 
compelling: 44,000 tumors predicted,  3 tumors observed. Such 
s t r i k i n g  discrepancies  argue s t rongly  t h a t  t he  probabi l i ty  of lung 
cancer is considerably l e s e  than 1 i n  2000; therefore ,  a t  the  
present  time the  "hot pa r t i c l e "  hypothesis cannot be considered 
a v a l i d  one. 

The following 2 responses are t o  M r .  Geesaman's numbered comments on 
d ivers ion  and safeguards (pages 3-1 and 3-2 of h i s  comments). 

1. Concerning t h e  l a c k  of a s e n s i t i v i t y  study of t h e  economic e f f e c t s  
of a d i s rup t ive  plutonium divers ion ,  t he  PFES c i t e d  i n a b i l i t y  t o  
p red ic t  t he  r i s k  t o  soc ie ty  of po ten t i a l  fu tu re  an t i - soc ia l  acts 
as t he  reason f o r  no t  s p e c i f i c a l l y  including them i n  the  cost-  
bene f i t  ana lys i s  (Volume V, page V.12-23). The t h r u s t  of t he  
present  comment appears t o  be t h a t  d o l l a r  cos t s  associated with 
an t i - soc ia l  a c t s  should be postulated and factored i n t o  the  
cost-benefi t  ana lys i s  even i f  t h e r e  is l i t t l e  o r  no bas i s  f o r  
t h e i r  p red ic t ion  because t h i s  f a c t o r  is important t o  pol icy 
ana lys i s .  To accept t h i s  reconmendation would confuse r a the r  
than i l lumina te  t h e  i ssue .  
f a c t o r s  which a r e  known t o  e x i s t  (e.g. ex ten t  of uranium resources ,  
demand f o r  electric power), and whose fu tu re  va r i a t ion  can be 
projected (not necessar i ly  without argument) from cur ren t  observa- 
t i o n  of r e a l  s i t ua t ions .  Other e f f e c t s  which have bearing on 

Cost-benefit analyses  should consider 
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2. 

p o l i c y  i s s u e s ,  bu t  which cannot be p red ic t ed  q u a n t i t a t i v e l y ,  
should be  d i scussed  t o  the  e x t e n t  p r a c t i c a b l e ,  bu t  cannot be 
s p e c i f i c a l l y  included i n  the q u a n t i t a t i v e  s ta tement  of  cost-  
b e n e f i t  a n a l y s i s .  Ca ta s t roph ic  a n t i - s o c i a l  a c t s  do not meet 
t h e  q u a n t i f i a b i l i t y  test. To p o s t u l a t e  pu re ly  a r t i f i c i a l  d a t a  
f o r  purposes of e x e r c i s i n g  an a n a l y s i s  would only confuse t h e  
r e s u l t s ,  and would not  serve t o  i l l u m i n a t e  p o l i c y  i s s u e s  o r  
guide p o l i c y  dec i s ions .  I n  summary, s t a f f  p o s i t i o n  on t h i s  
matter is  unchanged. 

For ERDA to formulate  a s p e c i f i c  p o l i c y  p o s i t i o n  on t h e  “rate of 
Occurrence of  n u c l e a r  calamity” t h a t  ERDA cons ide r s  t o  be accep tab le  
would be i n c o n s i s t e n t  w i t h  our  i n t e n t i o n  and determinat ion t o  
p reven t  t h e  occurrence of such even t s ,  and would imply i n s e n s i t i v i t y  
to t h e i r  consequences and abd ica t ion  of  ou r  l e g a l  r e s p o n s i b i l i t y  t o  
p r o t e c t  t h e  pub l i c .  
q u i t e  clear. Regarding t h e  t echno log ica l  and i n s t i t u t i o n a l  means 
of a s s u r i n g  p r o t e c t i o n  i n  t h e  f u t u r e ,  Sec t fon  7.4.8 of t h e  PFES 
and Sec t ion  I11 C of t h e  Supplemental Ma te r i a l  i n  t h e  F i n a l  
Environmental Statement provide a s u b s t a n t i a l  amount of  information 
on measures which might be used. It is n o t  p o s s i b l e  at  t h i s  t i m e ,  
however, to  p r e d i c t  t h e  exac t  mix of sa fegua rds  measures which w i l l  
be found a p p r o p r i a t e  for t h e  LMPBR f u e l  cycle .  As s t a t e d  i n  
Sec t ion  111 C,  t h i s  information w i l l  be developed during t h e  course 
of t h e  ERDA sa fegua rds  r e sea rch  and development program. 

The PFES made o u r  p o s i t i o n  on these  matters 
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PUT BRXOX X X M R  1 R & W  

Do- Ilr. Penningtonr 
I am sending my comments on the UFBR program t o  ~OU-M ropwstod. 
&I you b o w ,  I prescnted o ra l  comments a t  the public hearing rogY.dfng the 

I#BBB prOgraUI on April 25, 1974. 
would be a shortened version of my longor u r i t t e b  aomments on the LMFBR propam. 

I then handed my mitten oommrnts t o  the appropriate porionI I am thrroforo puzzled 

regarding tho lack of inclusion of my written remarlrs i n  the p o ~ o s r d  

for the WFBB. 

in the preparation of tho Proposed Final Ehvlronmental Statement for the IXFBR I 
did not  reooiw any d i r e c t  response to  my comments/questions. 

bo established for all Westinghouse nuclear f a c i l i t i e s  within 50 milos of Oreensburg. 
My roquest(in writing) was haudod to  the approbriate person during my o r a l  comments. 
AlX l o t t e r s  on August 26thandOctcber 9th reassuringly statod tha t  "No a r o  establishing 
a loca l  publio dooument mom in the greater Pittsburgh area for liaonbikig information 
rb la ted  t o  Voatinghouse E loc t r i c  Comoratioas a c t i v i t i e s  in that are..* This is April 
1975 and I am still waiting for t ha t  dooument room t o  be established. The c i t izen-  
in this a r o a  have l i t t l e  information about loca l  nuclear f a o i l i t i e s .  UX HAP& A 

BIoElT lQ SUCH INH)RMATIOM. 

I prefaced my ora l  rem- by stat- tha t  they 

EIS 

Althoua t ho  AkX l e t t e r  t o  me assured me tha t  my vlowa were considdared 

During my presentation on April 25th. I requostod tha t  a publio document room 

The Nuclear Regulatory Commission is well awarr of the recent advorso publicity 

rogPrding plutonium oxide shipments from I t a l y  via Now York c i t y  t o  Gbeswick, PB. 
I do not believe tha t  current methods of safeeuarding spocial  nuclorr m a t e r i d s  
ar0 adequate t o  prevent t he f t  by a detormined group of persons. 
f a o i l i t y  a t  Chesdck is t o  use the plutonium oxide i n  the fabr ica t ion  o f  fue l  rode? 
WEQI did  the IRC l iccnso the f a o i l i t y  at  Cheswick,to fabr ica tc  f u e l  rods ccntaininc 
plutonium oxide for w e  i n  a nuclear reactor in  Italy? 

the f a c i l i t y  at Chcswick t o  fabricato mircd oxide fue l  rods for  the l e u  York O i n n a  

reaotor? How much plutonium does Cheawick handle? Are there spec ia l  nuclear materiala 

*unacoounted for" a t  1)Cheswick 2)Bettia 3) NUMCC(Nuc1ear fue l s  d iv is ion  of Babcock 
Md Yilcox)?rihat kind of  special  nuclear matorials a r o  "unancounted for" and how 
muah is "unaccountcd for"? Are the safeguards in e f f ec t  a t  the nuclear f i o l  cycle 
f l r c i l i t i e s  in t h i s  greo adequate? 

1%. Uestil@omo 

UHEX did  tho NRC l i cc toe  

p a t  respons ib i l i ty  does BHC have in reg& t o  radioactive monitoring in and 
around nuclear fue l  cycle f a c i l i t i e s ?  Is plutonium monitoring don. outsido of each 
f n o i l i t y  handling plutonium in t1.is area?(i.e. NUET, B o t t i s ,  Large, llaltz H i l l s ,  

and Cheswick) I believe tho "M low aa practicable" guidlinos f o r  rad ia t ion  emissions 

is somewhat f lex ib le  for nuclear fue l  oycle f a o i l i t i e s .  How do the current fue l  sycle 
f a c i l i t y  radiation emisa ion standards C O Q ~ E L T ~  with the 5 mrm at  boundary s i t e  standard 

for a nuolear povor f ac i l i t y?  



V.68-2 

( 2) 
moudts of radioactive m.itoria1 eqeu tod  t o  be ro lewed from tho h e 1  fabrication 

pl=t"(Proposed Final Environmental Statement WPBB-Vol I-Doc 74-page 1.6-9) What 

kbrd of waate treatment systems are in  e f f ec t  at The nuclear f a o i l i t i e s  i n  t h i s  

areocespecially Cheswick, Be t t i s ,  and MJXEC? Are any additional waste treatment 
systems plaaned for those f a c i l i t i e s ?  

-. 
The Colorado W b l i c  In t e re s t  Sese-rch broup "1itiS;ted the p3o t ion  of the mvironmentdl 

Protection Agency's nondiscretionary duty t o  control discharges of radioactive materials 

from the Rocky Blots Plant. =A had, pr ior  t o  the suit, deferred t o  AEC for 6he 

purposes of such rrgulations.  'phe issue w a a  resolved in favor of @A's ju r i sd ic t ion  

under the Federal Uater Pollution Control Aot. Since the s t a t e s  have concurrent juris- 

dlotion with EPA t o  promulgate regulations under t h e  Act, i t  would apFear under 

t h i s  decision tha t  Colorado has the authority, i f  not the obligation, t o  monitor 

discharge in to  navigable woterskor radioactive wastes." (Preliminary Report -LAM¶- 
YTIPmGTosk Porco On Rocky Flats-Jhapter on Price -Anderson Amendments-page 13) 1 

bel ieve  there is an ongoing e f fo r t  t o  lessen EPA effectiveness by lessening W A  
h d i n g .  In region I11 EF'A has one p m o n  ass imed t o  the  radiation area. I doubt 

t ha t  he w i l l  be able t o  do much monitoring of radioactive diechargas into the watas  
of Pomsylvulia. 

I aa aware thQTthe radiation monitoring prosam by the Pennsylvania Department 
of Environmental Resources-Bureau of Radiological Hcalth is"tota1ly inadequate". ('l'he) 

"bureau is supposed t o  independently monitor nuclear power plants,  prepare emergency 

plans in case of accidents and find out what happens t o  low l eve l  radiation rslcascd 

in to  the environment.. . . w i t h  current manpower and budget(the bureau) cannot accomplish 

m y  of those tasks, and no one e lse ,  including the federal  government and the u t i l i t i e s ,  

i e  doingthat kind of w o r k . " ( U ~ - ~ ~ E a r r i s b u r ~ b y  David Milne) 

Poroe On Rocky Flat-Preliminary Report is an admirable e f f o r t  on the pa r t  of the 

s o i e n t i f i c  community and the c i t izens  of Colorado. It is not l i k e l y  such an e f f o r t  

will ever be made in Western Pennsylvania. Dr. Morris DeOroot w a e  a member of tho 

ShippinCport panel. A t  the conclusion of t h e i r  f a c t  f inding assignment he s u a e s t e d  

"I propose a ful l  sca le  in te rd isc ip l inary  study of l o r l e v e l  rad ia t ion  and health,  

t o  be carried out by an independent commission appointed a t  t h e  federal  level." 

(Shippinmort Nuclear power Station-Alleged "ealth Effecto-Report t o  the Oovernozc 

1 9 7 4 - ~ ~ .  106) 

The Lanm-iiibth l'o3k 
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nixon has entimuted tha t  residents of Hisconsin receive f a  more radiation from 

nuolear f i s s ion  than the nuolear industry would havo us  believo.(Statemont To 
Radiation Protection Council, Wisconsin Department Of Uealth Concerning Rcdiation 

MonitorineJanuary 3, 19756TOertrudo Dixon, L%airperson f o r  Rescaroh, 

Against Nuclear Drmtyra) DiXor. called for a thoroud nuclear r jd i a t ion  dose 

Macssment program ta i lored  to  actual l i v i n c  p o p l e  i n  Uisconsin. 1% s u e  the results 

of such a program i n  Pennsylvania would be most iqteresting: 

Wumec is now o f f i c i a l l y  the "Nuclear Materials Division of the Babcock and igilcox 

Company....AiiC raylations... .do not require holding 0? a rub l i c  hearing for the 

isauanoe o r  renowal of a matoridbs liconse unless a public hearings is requested 
by a person whose in to re s t  may bo affected....Bkli has indicated tha t  a t o t a l l y  

rorieed renewal application w i l l  be submitted ear ly  t h i s  year for l icense SNM-414 
t o  bo followed i n  about three months by a revised application for licdnse SaTM 145. .... both of the l icense renewal actions...require p11 evaluation by AX32 to  determine 
i f  an environmental impact statement should be prepared. tf it is detcnnined tha t  

an environmental impact statement nocd not be prcparod, a negativo, declaration and 

an environmental appraisal  w i l l  be prepared.Tumec lioonses were or ig ina l ly  issued 

p r io r  to  time( 1969) tha t  National 3nvironmental Folicy Act becqme effective.  "l'hus 

no environmental impact statements have been prepared by AZC covoring these ac t iv i t i e s . "  

(quotes from January 17th, 1975 l e t t o r  from bEc) I am aware that the lioensea in 

quostion deal with both plutonium and uranium. Another previously (and?currently) 

hUd license of i n t e r e s t  is SM.&5O;! for depleted uranium and thorium w i t h  no l imi ta t ion  

on quantit ies.  

BE m p w  TO INJLUDZ .U OF THE: NUCLEAR irClTVITIES COllDULy1'ED BY BU2OCK AND IffL2OI 

I EKRE3Y RXCJJSST THAT A ~ O ~ S I V E  ;3AVIW"TAZ, WAC3 STA!lQJdIT 

W ApoLu) AND ~ C H B U R G .  MY LIE AND EULTH, AXD THOSI: OF NY FAMILY M Y  BE AFlK5CTr;D 

BY THE NUCLr;AR iUXS!IVITISS AT A.€OLLO AND LE!X"L(WIROfTH3ERlBE I UiJJET "AT HJBLIC 
HURIIiOS B3 HXlB BEIXIIG 2NN1 ISSJANM'OR RENXilAL OF A?7Y N U C W  LIC.2NSE TO 'PIE 

M3TlONI;D FACILITIZS, Have Environmental Impact Statements ever been writ ten 

for Bet t i s ,  Cheswick, he;e, and U a l t s  &!ill? I f  not, I ask t ha t  t h i s  be done immediately 

and tha t  ouch information be made public. 

nuclear fue l  cycle f a c i l i t i e s  i n  this area tha t  handle plutonium(and other S") 

u n t i l  all of the environmental impacts a r e  assessed and discussions 

held in the public arena. 

to  grea t  risks. 

I question continuine the operation of 

about such a r c  

I believe tha t  those of us who live here are being subjected 

For many of u s  there a r e  no corrcsponding benefita. 

One of the a l torna t ivc  technoloEg options to  the U.WBR is the L i & t  Uater 

Breodcr Reactor. The LUBB is discuased i n  Vblume 111. Ils a preface t o  discussing 

the  LUBR-I note tha t  i t  seems tha t  Admiral Rickover, i n  h i s  OM inimitable s t y l e  

haa succeeded in gc t t inc  the L W  excluded from the rs&ar l i cens ing  process. XRDBr 

ra ther  than NRC is t o  aaaure safe oreration of this reactor. "Thus the double standard 
of promotion and rogulation w i l l  oontinue a t  Ship&inCport"(Beavob 

December 27, 1974) 

J 

County Timea- 
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Tf~eproeding corm M d  aaaociat. d hardware needed to i n n t a l l  i t  in  t h e  Qhipphgport 

reactor V ~ J  .1 ,-ru being manufaotured. 

Shippingport reactor plant io expeoted to  b e ; h  in l a t e  1975 with n t a r t  up in 1976." 

(Uaeh 153SVol 111-Page 60.1-113) "This system also has the  potontial  that  it can 
be bookfit into existing PUR plants, thus converting thcm t o  breeders with highor 

h e 1  util izotion."(~osh 1535-Vol 111-pqe 6A.l-122) me LHBR work at S h i p m o r t  
l e  prooeeding slthouCp an hvironmental Impact Statement has not yet  been fi led.  
I? the precedent being s e t  a t  Shippingport is followed in  case of conversion of 
other PYRjto L Y B G t  w i l l  certainly help to  "streamline the lioeneing process"! 
"The hul elements i n  theLWBR oonaiat of pelletized nuclealPue1 matetkls encapsulated 

$n hi& Integrity ziracloy rods....The ab i l i t y  of theLBR fuel  systems to  withstr l  

the effoota of irradiation has been confirmed from PUR operations and ertenaive irradiation 
te8ting. a n o e ,  any release of fission Froduot act ivi ty  that m i & t  occur is expected 
t o  be about the same for an LWBR ad that smerienced in piiRs."(Vol III-pw6A.1-120) 
A brief discussion o f  the chemical and m e t a l l u r e i o a l  behavior of  airconium alloys 

would have helped to  c lar i fy  the above statement. 
normally be fueled and defueled by removing oomplete modulcn a f t e r  the vosael olosuse 

is removed."(VOL I11 pprse 6Al-117) 
'In the fuel reprocassing plant, tho thorium, uranium, and f iss ion produota a r e  

ohemloally separated. The reprooeseod uranium is scnt beck to  thc fuel  elemont 
fabrication p l a n t  to  be refabricated into fucl elements whilo the fission products 
and radioactive wastes ore placed in apjropriate long-tom storage....Refabrioation 
is oomplicated by the faot that  the recycled fuol is radioactive."(Volume 111-pages 

1-ll8and 119) 
plant for the Shippingport LHBB t o  be located? or where a m  thoy locatod? H;rs the 
problem of the formation of U-232 with its d a u a t o r  products that give off penetrating 

gamma radiation been solved? 

Instal la t ion of the brooding oom in t h e  

"The S h i p p h a o r t  core W i l l  

How frequently w i l l  this need t o  ooour? 

Uhere am tho fuel  fabrication plant and tho fuol reprocessing 

I object t o  a nuolear eqeriment , such aa the LUBR being conduoted in an area 
as densely populated as  the Pittsburgh ares. However, f also object t o  such an 
erperiment being conducted in  an area a t  leaat  5 milos f r o m  a population center of 
25,000 or less and in an area with l e s s  then 400 peroons per square mile. 

I am aware-and distroased-that Pennsylvania is one of the States that  has been 
chosen i n  which to  push tho energy park concept. W e  don't even h o w  t h e  background 

radiation levels i n  m a n y  areae of Pennsylvania-we have to know t h i s  so we can t e l l  
if new p l a t s  that  come on lins cum adding to the radiation"(UM 3-&Harrisburg by 
David Wilne) Uestern Pennsylvania has more than one f a c i l i t r  handlin:; special nuclcar 
materials-includine Flutonium. Dr. Bernard Cohen has called the Pittobur& area "l'he 

world center of t h o  nuclom industry". Tho Shippingport n a o t o r  vas the first commercial 
nuolear reactor i n  tho United S t a t e s d t  started ororation i n  1957. YBZ is tho radiation 

monitoring so inadequate in Pennsylvauia? 
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If ona does not know blrck,?.ound radiation 1evaAa it vi11 bo d i f f i c u l t  o r  
impossible t o  s t a t e  a i t h  acouracy how much radiatiom a large nucless complex adds. 

the u(BBB program in April, 1974 are still vulid. Tha writing of more volumes 

about the W B B  promam(Uaeh 1535) does not answer t h s  questions end objection& 

even thou& "opposing down" are recognized. "I a r b  adjudicatory hearings 

going to  be held on the ent i re  plutonium quostion? 

Ti t l e?  The mi l i ta ry  implioations of nuclear power". The decisions being made 
today re;;arding nuclear power w i l l  determine whether l i f e  w i l l  be allowed t o  continue 

on t h i s  planet. Beyond that-will man be f ree  t o  become t ru ly  human -fully and 
completely human? Man today is at a crossroads i n  history-he must opt f o r  l i f e  

or death. Aa Sir George Porter s t a t ed  
would have had s o l a r  energ  centuries ago." 

I believe t h a t  the objectives I raised and the questions I asked regarding 

I nqppst an additional chapter i n  the Emiromrental Statenant on the LW%R 
I 

"If sunbeams were weapons of war, we 

+ p 7 5  
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON. D.C. 20545 

Mrs. F a t  Hoffman 
R.D. 84 
Greensburg, Pennsylvania 15601 

Eear Mrs. Hoffman: 

Thank you f o r  your let ter of A p r i l  8, 1975, In which you provided c o m e n t s  
on t h e  Proposed F i n a l  Environmental Statement (PFES) f o r  the  Liquid Metal 
Fas t  Breeder Reactor (LMFBR) Program. Resvonses t o  your s p e c i f i c  c o m e n t s  
a r e  enclosed. A f t e r  cons idera t ion  of a l l  comments received on t h e  PFES as  
w e l l  as the  testimony received at t h e  Publ ic  Hearing he ld  on May 27-28, 
1975, t h e  Statement has  been issued i n  f i n a l  form. A copy of the  
Final  Environmental Statement is enclosed f o r  your information. 

Your let ter makes two c o m e n t s  on agency a c t i o n  taken on w r i t t e n  material 
which you submitted during t h e  A p r i l  1974 Publ ic  Hearing on t h e  LMFBR 
Program. Regarding your f i r s t  comment, t h e  f a c t  t h a t  t h e  w r i t t e n  vers fon  
of your o r a l  s ta tement  w a s  no t  included i n  t h e  PFES i s  c o n s i s t e n t  w i t h  
t h e  o,ror?nd r d e s  e s t a b l i s h e d  f o r  a l l  s u b d s s i a n s  r e l a t i v e  t o  t h e  %-3R 
environnental  review. W e  b e l i e v e  t h a t  t h e  Federal  R e g i s t e r  n o t i c e  
reques t ing  comments on t h e  Draf t  Statement (39 E 9692, March 13, 1975) 
and t h e  subsequent Federa l  Regis te r  n o t i c e  i n v i t i n g  submissions f o r  t h e  
Publ ic  Hearing (39 11641, March 24, 1974) w e r e  s u f f i c i e n t l y  s p e c i f i c  
regarding t h e  s e p a r a t e  procedures by which c o m e n t s  on t h e  Statement and 
documents relative t o  t h e  hear ing  record were t o  be handled. 
t h e  former n o t i c e  requested t h a t  comments be s e n t  t o  ny o f f i c e .  
followed procedures p e r t i n e n t  t o  t h e  hear ing,  and s i n c e  t h e  docunent i n  
quest ion w a s  t i t l e d ,  " L i d t e d  Appearance Testinony of Pat  Hoffman.. . ," we 
b e l i e v e  t h e  handl ing of t h e  document as hear ing  record material suppor t ive  
t o  your o r a l  testimony was appropr ia te  and i n  compliance with t h e  a fore-  
mentioned Federal  R e g i s t e r  no t ices .  
w r i t t e n )  was t r e a t e d  i n  t h e  same manner as formal c o m e n t s  on the  Draft 
Statement,  and information responding t o  subs tan t ive  v i e w s  expressed i n  
t h e  hear ing record was  incorporated i n t o  t h e  t e x t  of the  Proposed F i n a l  
Statement. This w a s  t h e  case  with regard t o  t h e  docunent youlsubmitted. 
The d i f f e r e n c e  t h a t  e x i s t s  from the  t reatment  of c o m e n t s  received on t h e  
Draf t  Statement i n  accordance with provis ions  of t h e  March 13 Federa l  
Regis te r  n o t i c e  is  t h a t  hear ing record submi t ta l s  were not  appended to  
t h e  Proposal F i n a l  Statement and formal d e t a i l e d  responses to  those 
submi t ta l s  w e r e  n o t  prepared. 

S p e c i f i c a l l y ,  
Since you 

A l l  hear ing  testimony (both o r a l  and 
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I n  your second comment, you e x p r e s s  concern t h a t  t h e  new p u b l i c  document 
room you r eques t ed  du r ing  t h e  A p r i l  1974 hea r ing  has  n o t  been e s t a b l i s h e d .  
The Nuclear Regulatory Commission (NRC) h a s  advised us  t h a t  t h e  new 
document room has teen established at the Carnegie Library of Pittsburgh, 
and t h a t  you have been informed of t h i s  a c t i o n  by COPY of t h e i r  
A p r i l  17 ,  1975 l e t t e r  from Hanna D. Bristow, NRC, t o  M r .  Anthnny Mart in ,  
Carnegie L ib ra ry .  

You a l s o  a s k  when a d j u d i c a t o r y  hea r ings  are going t o  be h e l d  on t h e  e n t i r e  
plutonium ques t ion .  
which has  taken p l a c e  du r ing  t h e  two-year p e r i o d  l e a d i n g  up t o  t h e  
p u b l i c a t i o n  of t h e  U F B R  F i n a l  Statement  has  been comprehensive. 
i nc luded  AEC's  s o l i c i t a t i o n  of w r i t t e n  comments and t h e  ho ld ing  of p u b l i c  
h e a r i n g s  by both A E C  and ERDA. During t h i s  review comments from o t h e r  
government agenc ie s ,  p u b l i c  i n t e r e s t  groups,  and p r i v a t e  c i t i z e n s  such 
as y o u r s e l f  have been c a r e f u l l y  considered.  Also,  two p u b l i c  h e a r i n g s  
on t h e  WFBR Program, not  r e q u i r e d m d e r  NEPA, were conducted i n  o r d e r  
to prov ide  a d d i t i o n a l  oppor tun i ty  f o r  expres s ion  of views on plutonium 
and o t h e r  i s s u e s .  Taking t h i s  h i s t o r y  i n t o  account ,  i t  does n o t  appear  
l i k e l y  t h a t  a d j u d i c a t o r y  hea r ings  on plutonium would produce new informa- 
t i o n  of value.  

It i s  be l i eved  t h a t  t h e  review of plutonium i s s u e s  

It  has  

Thank you a g a i n  f o r  your expres s ion  of i n t e r e s t  i n  t h e  UIFBR Program. 

S i n c e r e l y ,  

M;p---- Ja es L. Liverman 
A s i s t a n t  Admin i s t r a to r  f o r  

wEnvironrnent and S a f e t y  

Enclosures:  
.l. ERDA S t a f f  Responses t o  Comments 
2. F i n a l  Environment Statement ,  

LMFBR Program 
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ERDA Sta f f  Responses t o  Comments by Mrs. Pat  Hoffman 

Comment (page 1)  : 

"WHEN did the  NRC license the  f a c i l i t y  a t  Cheswick t o  f ab r i ca t e  
f u e l  rods containing plutonium oxide f o r  use i n  a nuclear  reac tor  
i n  I t a l y ?  WHEN did  the  NRC l i cense  the  f a c i l i t y  a t  Cheswick t o  
f ab r i ca t e  mixed oxide f u e l  rods f o r  t he  New York Ginna r eac to r?  
How much plutonium does Cheswick handle"? 

ERDA Response: 

The Westinghouse Electric Corporation was l icensed on May 16, 1969 t o  use 
s p e c i a l  nuclear  material at i t s  Cheswick f a c i l i t i e s  f o r  t h e  fabr ica t ion  
of nuclear  reac tor  fue ls .  Licenses authorizing f u e l  f ab r i ca t ion  do not 
spec i fy  the  reac tors  f o r  which f u e l  may be manufactured. A l i censee  
authorized to f ab r i ca t e  f u e l  may t r a n s f e r  i t  t o  any o ther  Nuclear 
Regulatory Commission (NRC) l icensee  authorized to receive i t .  I f  t he  
f u e l  is intended f o r  a foreign reac tor ,  an NRC export  license m u s t  be 
obtained before  the f u e l  ctin leave the  country. 

Westinghouse is authorized t o  possess a t o t a l  of 395 kilograms of plutonium 
at  Cheswick. Of t h i s ,  275 kilograms is l imi ted  t o  s torage  only of c lad 
mixed oxide p e l l e t s  i n  sea led  f u e l  rods contained i n  approved shipping 
packages. 

Comment (page 1 )  : 

"Are t he re  s p e c i a l  nuclear  materials 'unaccounted f o r '  a t  
1) Cheswick 2 )  B e t t i s  3) NUMEC (Nuclear f u e l s  d iv is ion  of 
Babcock and Wilcox)? 
are 'unaccounted f o r '  and how much is 'unaccounted fo r ' ? "  

What kind of s p e c i a l  nuclear  materials 

ERDA Response: 

A s  is explained i n  the at tached news re lease ,  t h e  Atomic Energy Commission 
(AEC) requested a study through the  National Securi ty  Council of t h e  
na t iona l  s e c u r i t y  and i n t e r n a t i o n a l  implicat ions of releasinpc da ta  on 
"material unaccounted for." It is expected t h a t  the  study w i l l  be  com- 
p le ted  i n  the  next few months. Pending the  completion of the  study i t  
would be  inappropriate  f o r  us t o  r e l ease  such data .  

comment (page 1 ) :  

"What r e spons ib i l i t y  does NRC have i n  regard t o  rad ioac t ive  
monitoring i n  and around nuclear  f u e l  cycle  f a c i l i t i e s ?  Is 
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plutonium monitoring done o u t s i d e  of each f a c i l i t y  handl ing 
plutonium i n  t h i s  a rea?  (1.e. NUMEC, Bettis, Large, Waltz 
Mills, and Cheswick) " 

ERDA Response: 

The NRC r e q u i r e s  t h a t  each l i c e n s e e  e s t a b l i s h  and maintain a program 
of monitoring f o r  r a d i o a c t i v i t y  t o  p r o t e c t  h i s  workers and t h e  general  
public.  
is i s sued  and t h e  r e s u l t s  of t h e  monitoring program are examined 
p e r i o d i c a l l y  by NRC inspec tors .  

A general  descr ip t ion  of t h e  types of monitoring p e r f o w e d  by f u e l  cycle  
l i c e n s e e s  and d e s c r i p t i o n s  of t h e  environrnental monitoring program of 
t h e  Nuclear Materials Division of t h e  Babcock and Wilcox Company ( f o m r l y  
NUMEC) and of Westinghouse E l e c t r i c  Company a t  Waltz M i l l  are descr ibed 
in t h e  enclosure t o  t h e  a t tached  copy of a let ter from t h e  AEC t o  you 
dated August 26, 1974. 

The environmental  monitoring program at  Cheswick is s i m i l a r  t o  those  
discussed above. 
samples a r e  c o l l e c t e d  at s i x  l o c a t i o n s ,  inc luding  t h e  Allegheny River. 
I n  a d d i t i o n ,  sediment,  f i s h ,  s o i l  and vegeta t ion  samples are col lec ted .  
Analyses of these samples include evaluation of plutonium content.  

The possession of plutonium at  Large is  l i m i t e d  t o  160 grams i n  the  
form of an encapsulated hea t  source.  Because of t h e  c o n t a i n m n t  of 
t h e  plutonium wi th in  a s e a l e d  source,  environmental  sampling f o r  
plutonium is unnecessary. 

In addi t ion  t o  t h e  monitoring progrdms performed by t h e  licensees, both 
NRC and the Environmental Pro tec t ion  Agency (EPA) conduct special studies 
and independent monitoring p r o g r a m  at  s e l e c t e d  l icensed  f a c i l i t i e s  t o  
determine t h e  impact of t h e s e  f a c i l i t i e s  on t h e  environnent.  With t h e  
cooperation of t h e  Babcock and Wilcox Coinpany and NRC, t h e  ETA has r e c e n t l y  
i n i t i a t e d  a s p e c i a l  s tudy  a t  t h e  BCW plutonium f a b r i c a t i o n  p l a n t  i n  
Leechburg. The s tudy  w i l l  inc lude  c o l l e c t i o n  and eva lua t ion  of air 
exhaust s t a c k  samples, environmental  a i r  samples at t h r e e  l o c a t i o n s  
o u t s i d e  t h e  p l a n t ,  and local soil and vegeta t ion  samples at si tes both 
upwind and downwind of t h e  p lan t .  

The Bettis Laboratory does not  f a b r i c a t e  plutonium f u e l s .  The environnent 
around B e t t i s  is r o u t i n e l y  monitored f o r  r a d i a t i o n  levels and t h e  presence 
of r a d i o a c t i v e  material. The Bettis Laboratory emissions have a l w a y s  
been w e l l  below Federal  s tandards .  Estimated exposure due t o  e f f l u e n t s  
from B e t t i s  is less than t h e  5 m i l l i r e m  value (See n e x t  Comment rmd 
Response). 

The adequacy of t h i s  program is evaluated before  a l i c e n s e  

Air samples are taken both on- snd o f f - s i t e .  Water 
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Comment (page 1): 

'%HOW do the  cur ren t  f u e l  cyc le  f a c i l i t y  r a d i a t i o n  emission 
s tandards compare with t h e  5 mrm a t  boundary si te standard 
f o r  a nuclear power f ac i l i t y"?  

ERDA Response : 

It is important t o  d i s t ingu i sh  between r ad ia t ion  pro tec t ion  s tandards  
and numerical guides f o r  design objec t ives .  
t o  t he  same radia.t ion pro tec t ion  s tandards ,  which a r e  contained in 
Part  20 of T i t l e  10 of t h e  Code of Federal  Regulations.  
l i m i t s  on concentrations of rad ioac t ive  mater ia l  i n  e f f l u e n t s  to an un- 
r e s t r i c t e d  area t o  p ro tec t  t he  hea l th  and s a f e t y  of t he  general  pu3lic.  
I n  addi t ion ,  P a r t  20 requi res  t h a t  l i censees  make every reasonable e f f o r t  
t o  maintain re leases  of rad ioac t ive  material t o  un res t r i c t ed  areas as  far 
below t h e  s p e c i f i e d  P a r t  20 standards as p r a c t i c a b l e .  Numerical guides  
f o r  design objec t ives  are being developed f o r  s p e c i f i c  types of l icensed 
act ivi t ies  t o  provide a q u a n t i t a t i v e  expression of t h e  meaning of "as 
low as pract icable ."  

A l l  ?RC l i censees  a r e  su3ject 

P a r t  20 includes 

The 5 a r e m  exposure guide referenced above w a s  a numerical guide f o r  
design objec t ives  developed s p e c i f i c a l l y  f o r  l i g h  t-water-cooled nuc lear  
p m e r  r eac to r s  (LWR's). A publ ic  hear ing  on the  proposed d e s i -  
ob jec t ives  f o r  LWR's w a s  held and on Apr i l  30, 1975, t h e  Nuclear 
Regulatory Commission rendered a dec is ion  i n  t h i s  mat ter .  
dec is ion  revised the  design objec t ive  f o r  l imi t ing  t h e  annual dcse  o r  
dose commitment t o  any organ of an ind iv idua l  a t  o r  beyond t h e  s i t e  
boundary t o  15 m r e m .  lhe Commission dec is ion  emphasizes t h a t  t k e  
numerical guides f o r  design objec t ives  which the  Comnission adopted 
are not  r ad ia t io?  pro tec t ion  s tandards.  

The Cmmission 

The NRC is i n  the  process of developing numerical guides f o r  design 
objec t ives  f o r  f u e l  cyc le  p l an t s .  
guidance, these  p lan ts  are evaluated on a case-by-case b a s i s  t o  de te rn ine  
tha t  appropriate  e f f l u e n t  t reatment  systems are enployed t o  reeuce 
emissions t o  a l e v e l  t h a t  is  "as l o w  as prac t icable ,"  consider ing 
ava i lab le  technology. 

Pending t h e  esta5l ishment  of such 

Comment (page 1): 

"1 do not  be l ieve  t h a t  cur ren t  methods of safeguarding s p e c i a l  
nuclear  mater ia l s  are adequate t o  prevent t h e f t  by a d e t e d n e d  
group of persons." 

n 
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ERDA Response: - 
Current safeguards s tandards , t h e i r  implicat ions,  and t h e i r  adequacy a r e  
thoroughly reviewed i n  the  PFES (Volune I V ,  Sect ion 7.4 .7 .  and Appendix 
N . A ) .  
and adequate f o r  t he  present ,  t he  an t i c ipa t ed  in t roduct ion  and expacsion 
of f u e l  cycle  modif icat ions,  along with the  continued th rea t  of 
anti-social a c t s ,  w i l l  r equi re  increasingly s t r i n g e n t  safeguards.  
cur ren t ly  expanding safeguards RhD program has suppl ied and will 
continue t o  supply the  techniques necessary t o  implernent these safeguards 
improvements. 

It i s  s t a t e d  there in  t h a t ,  while cur ren t  safeguards a r e  acceptable  

The 

Comment (page 2 ) :  

"\.$at kind of waste t reatment  systems a r e  i n  e f f e c t  a t  t he  
nuclear f a c i l i t i e s  i n  t h i s  a rea-espec ia l ly  Cheswick, B e t  t is ,  
and " E C ?  
planned f O t  those f a c i l i t i e s " ?  

A r e  any add i t iona l  waste t r e a t m n t  s y s t e m  

ERDA Response: 

A t  Cheswick, process l i q u i d  wastes are co l lec ted  i n  con ta ine r s ,  s o l i d i f i e d ,  
and shipped t o  l icensed  waste b u r i a l  grounds. 
(which have a low probabi l i ty  of contamination) a r e  co l l ec t ed  in holding 
tanks and analyzed f o r  r ad ioac t iv i ty .  
r ad ioac t iv i ty  is no g rea t e r  than 5% of t h e  s tandard contained i n  10.CFR 
P a r t  20 f o r  release t o  a san i t a ry  sewage system, t h e  l i q u i d  i s  p u q e d  
through a f i l t e r  designed t o  remove very s m a l l  p a r t i c l e s  and i s  re leased  
i n t o  the  s a n i t a r y  sewage system. 
ca t ion  area are f i l t e r e d  by a t  least two s t ages  of high e f f i c i ency  
p a r t i c u l a t e  a i r  (HEPA) f i l t e r s  i n  series to remove airborne particulates. 

Nonprocess l i q u i d  wastes 

I f  t h e  concentrat ion of a lpha 

All air  exhausts  from the  f u e l  f ab r i -  

The waste t reatment  systems a t  the  BbW ( f o m e r l y  NC'FIEC) plutonium p l a n t  
are s imi l a r .  
grounds. . Nonprocesa l i q u i d  w a s t e s  are co l l ec t ed  i n  holding tanks and 
monitored. 
l i qu id  is re leased  t o  t h e  Kiskiminetas River. Air exhausts f r o 3  the  f u e l  
f ab r i ca t ion  area are f i l t e r e d  by a t  least  two s t ages  of HEPA f i l t e r s .  

Process l i qu ids  are s o l i d i f i e d  and shipped t o  w a s t e , b u r i a l  

I f  t he  concentrat ion of r ad ioac t iv i ty  is no t  excessive the  

Safety and environmental reviews w i l l  be  conducted i n  connection with the  
renewal of l i censes  f o r  use of s p e c i a l  nuclear  ma te r i a l  a t  these p lan ts .  
These reviews w i l l  include an eva lua t ion  of w a s t e  treatment sps tens  t o  
determine whether e f f luen t s  are being maintained "as low as prac t icable"  
or whether add i t iona l  w a s t e  treatment systems are warranted. 

The Bettis Laboratory processes l i q u i d  w a s t e s  through t reatment  systems 
which inc lude  f i l t e r s ,  ac t iva t ed  charcoal  beds,  i o n  exchange beds and by 
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evaporation. I n  some ins tances ,  processed water is recycled back t o  t h e  
operat ing area e l imina t ing  l i q u i d  release t o  t h e  environment. 
of rad ioac t ive  material i n  water released from Bettis  has  been too small 
t o  have a s i g n i f i c a n t  e f f e c t  on the  environment. 

The quant i ty  

Cononent (page 3): 

"I HEREBY REQUEST THAT A COMPREHENSIVE ENVIRONMENTAL IEiPAm 
STATElENT BE PREPARED TO INCLUDE ALL OF THE NUCLEAK ACTIVITIES 
CONDUCTED BY BABCOCK AND WfLCOX I N  A P O U O  A?!D LEECHBURG. 
LIFE AND HEALTH, AND THOSE OF FfY FAMILY MAY BE AFFECTED BY THE 
NUCLEYiR ACTIVITIES AT A P O U O  AND LEEClIBURG* THEREFORE I W E S T  

ANY NUCLEAR LICENSE TO THE ABOVE !CYTIONED FACILITIES. 
Environmental Impact Statements eve r  been wr i t t en  f o r  Be t t i s ,  
Cheswick, Large, and Waltz Mill? 
done immediately and t h a t  such information be made publ ic ."  

9 

THAT PUBLIC HEARINGS BE HELD BEFORE ANY ISSUANCE OR RE>h'AL OF 
Hzve 

If not, I ask that th is  be 

ERDA Response: 

NRC rules and regula t ions  regarding implementation of the  National 
Environmental Pol icy A c t  of 1969 (NEPA), t he  provis ions f o r  publ ic  
hear ings,  and t h e  procedures and requirements f o r  requests  f o r  a hearing 
in any l i cens ing  ac t ion  were described i n  the  l e t te r  from t he  AEC t o  you 
dated January 17, 1975, a copy of which is at tached.  There have been no 
s i g n i f i c a n t  changes i n  any of t h i s  Information. 
B&W p lan ts ,  a decis ion of t he  appropriate  course of ac t ion  i n  implementation 
of NEPA cannot be made u n t i l  r ece ip t  of t h e  app l i can t ' s  environnental  
information and review of t h i s  information by the  NRC s t a f f .  

With respect  t o  the  

The Westinghouse Electric Company has submitted envi ronmnta l  information 
regarding t h e i r  Cheswick p lan t  i n  connection with an appl ica t ion  f o r  
l i c e n s e  renewal. 
t h e  procedures described i n  the  Januarp 17 letter. 

This information will be evaluated i n  accordance wi th  

The l i censes  issued t o  Westinghouse f o r  use  of s p e c i d  nuclear  mater ia l  
a t  Large and Waltz Mill were Issued p r i o r  t o  NEPA and env i ronwnta l  Impact 
statements have no t  been prepared f o r  these  p lan ts .  
s p e c i a l  nuclear  material a t  both Large and Waltz Mill are very l i m i t e d  i n  
scope and renewal of such l i censes  are not  necessar i ly  subjec t  t o  t h e  
requirements of 10 CFR P a r t  51. 

The present  uses of  

Annual e f f luen t  and environmental monitoring repor t s  prepared f o r  t h e  
Bettis Laboratory have been issued which assess  the  e f f e c t  of Laboratory 
operation. 
plutonium fue l .  

As mentioned earlier the  Bet t is  Laboratory does not  f ab r i ca t e  

Q 
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Evaluat ion of t h e  r a d i o l o g i c a l ,  chemical,  and b i o l o g i c a l  environmental  
data ind ica te  t h a t  operat ion of t h e  Bettis Laboratory con t inues  t o  have 
no measurable e f f e c t  on t h e  q u a l i t y  of t h e  hunan environment. 

Comment (page 3):  

"One of t h e  a l t e r n a t i v e  technology o p t i c n s  t o  t h e  LEIFER i s  
t h e  Light  Nater .Breedcr  Reactor .  The L:,3? i s  d i scussed  i n  
Volume 111. A s  a p re face  t o  d i s c u s s i n g  t5.e L',.%R-I n o t e  
t h a t  i t  seems t h a t  Admiral Rickover,  i n  h i s  oxn i n i n i t a b l e  
s t y l e ,  has  succeeded i n  g e t t i n g  t h e  LIS?. excluded from t h e  
r e g u l a r  l i c e n s i n g  p rocess .  EPDA r a t h e r  t han  9RC i s  t o  
a s s u r e  s a f e  ope ra t ion  of t h i s  r e a c t o r .  'Thus  t h e  double  
s t anda rd  of promotion and r e g u l a t i o n  w i l l  con t inue  a t  
Shippingport '  (Beaver County T i m e s  - Decenber 2 7 ,  1974)" 

ERDA Response: 

As has  been p rev ious ly  s t a t e d  by t h e  Atomic Enersy Commission, t h e  LWBR 
conversion i s  being t r e a t e d  i n  a manner c o n s i s t e n t  i n  a l l  s i g n i f i c a n t  
r e s p e c t s  w i t h  t h a t  of a l i c e n s e d  commercial p l a n t .  

A S a f e t y  Analysis  Report w i l l  be a v a i l a b l e  t o  t h e  p u b l i c  t h i s  y e a r ,  
covering ope ra t ion  of t h e  Ll?BR co re  i n  Sh ipp ingpor t .  Th i s  r e p o r t  w i l l  
r e c e i v e  t h e  same NRC review t h a t  would be nade €or a commercial l i c e n s e d  
f a c i l i t y  under s imi l a r  c i rcumstances,  i n c l u d i n g  a review by t h e  Advisory 
Committee on Reactor Safeguards.  

Comment (page 4 ) :  

"The LWBR work a t  Shippingport  i s  proceeding al though an 
Environmental Impact Statement has  not  y2t been f i l e d .  
I f  t h e  precedent  being set  a t  Shippingport  i s  followed 
i n  case of conversion of o t h e r  PWR's t o  L!?3X,'s i t  w i l l  
c e r t a i n l y  he lp  t o  ' s t r e a m l i n e  t h e  l i c e n s i n g  process ' ."  

ERDA Response: 

The d r a f t  LWBR Environmental Statement w a s  i s s u e d  i n  August of t h i s  y e a r .  
Pub l i c  hea r ings  w i l l  be conducted i n  P i t t s b e r g h  s t a r t i n g  i n  December of 1975. 

Because t h e  Shippingport  Atomic Power S t a t i o n  i s  e s s e n t i a l l v  a f a c i l i t y  
f o r  developing and t e s t i n g  r e a c t o r  co re  concepts ,  a precedent  w i l l  n o t  be 
set  i n  c a s e s  invo lv ing  conversion of commercial L igh t  Water Reactors  
f o r  t h e  use of LIJBR co res .  



V. 68- 14 

7 

Comment (page 4) : 

"The f u e l  elements i n  the  LWBR cons i s t  of p e l l e t i z e d  nuclear  
f u e l  materials encapsulated i n  high i n t e g r i t y  z i rac loy  rods.. . . 
A br i e f  discussion of the  chemical and meta l lurg ica l  behavior 
of zirconium a l loys  would have helped . . . . I '  

ERDA Response: 

Zircaloy has  been used f o r  many years  as cladding mater ia l  f o r  both naval 
and c o m e r c i a l  fue l s  with complete success.  
pa l ly  of zirconium with s m a l l  amounts of o ther  metals such as i ron ,  t i n ,  
and chromium. Zircaloy h a s  good nuclear  c h a r a c t e r i s t i c s  and  at t he  sane 
t i m e  maintains i t s  s t r eng th  and corrosion resistance under r eac to r  
operat ing conditions.  

This a l loy  is composed p r inc i -  

Comment (page 4) :  

"The Shippingport core  w i l l  normally be fueled and defueled 
by removing complete modules a f t e r  t h e  vesse l  c losure i s  
removed." (VOL 111 page 6A1-117) How f requent ly  w i l l  t h i s  
need t o  occur? 

ERDA Response: 

The LWBR core w i l l .  be  i n s t a l l e d  and operated approximately three  years  
without any intermediate  refuel ing.  

Conunent (page 4): 

'Where are the  f u e l  fabr ica t ion  p l an t  and t h e  f u e l  reprocessing 
p l an t  f o r  t h e  Shippingport LWBR t o  be located? o r  where are 
they located? 
i ts  daughter products t h a t  give off penet ra t ing  g a m  rad ia t ion  
been solved"? 

H a s  t he  problem of t h e  formation of U-232 with 

ERDA Response : 

A t  present ,  t he re  are no plans f o r  pemanent  LWBR f u e l  f ab r i ca t ion  o r  f u e l  
processing plants .  Af te r  about t h ree  years  operat ion i n  the  Shippingport 
P lan t ,  the  e n t i r e  core  w i l l  be shipped t o  t h e  expended core f a c i l i t i e s  at 
t he  Idaho National Engineering Laboratories.  

The fue l  f o r  t h e  LWBR core t o  be  i n s t a l l e d  a t  Shippingport was fabr ica ted  
at Bettis.  
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The r a d i a t i o n  p resen t  from t h e  uranium-232 daughter  p roduc t s  r e c u i r e s  t h a t  
f u e l  f a b r i c a t i o n  t a k e  p l a c e  w i t h i n  s h i e l d e d  f a c i l i t i e s .  X grea: d e a l  of 
p r a c t i c a l  experience e x i s t s  w i t h i n  t h e  n u c l e a r  i n d u s t r y  i n  h a c X n g  
r a d i o a c t i v e  materials w i t h i n  sh i e lded  f a c i l i t i e s .  Sh ie lded  f a c i l i t i e s  
were used du r ing  f a b r i c a t i o n  of t h e  LWBR core.  

Comnent (pages 4-5) : 

"I o b j e c t  t o  a n u c l e a r  experiment,  such as the  LWBR bein? 
conducted i n  <an area iis dense ly  populated as t h e  Pi t tsburg?,  
area....I a m  aware- and d i s t r e s s e d - t h a t  Pennsylvania  is me 
of t h e  S t a t e s  t h a t  h a s  been chosen i n  which t o  push t h e  
energy park concept....The Shippingport  r e a c t o r  was t h e  
f i r s t  commercial n u c l e a r  r e a c t o r  i n  t h e  United S t a t e s .  1: 
s t a r t e d  ope ra t ion  i n  1957. W Y  is  t h e  r a d i a t i o n  monitor i2g 
so' inadequate  i n  Pennsylvania? 

"If one does n o t  know background r a d i a t i o n  l e v e l s  i t  wfll 
b e  d i f f i c u l t  o r  impossible  t o  state  w i t h  accuracy how mc5 
r a d i a t i o n  a l a r g e  n u c l e a r  complex adds.  " 

ERDA Response : 

The LIJBR core w i l l  o p e r a t e  i n  t h e  e x i s t i n g  Shippingport  p l a q t ,  L5ich is 
n o t  p e r t  of a n u c l e a r  park.  
w e l l  proven and i t  does n o t  c o n s t i t u t e  an "experiment". 

The s a f e t y  a s p e c t s  of such o p e r a t i o n  are 

Natural background l e v e l s  i n  t h e  P i t t s b u r g h  area are a c c u r a t e l y  known and 
c o n t i n u a l l y  monitored. 
areas by ae r i a l  surveys as w e l l  as by s e n s i t i v e  ground l e v e l  t m f t o r i n g  
in regions around nuclear facilities. Monitoring of backqroun5 r z d i ~ t i o n  
l e v e l s  h a s  been conducted by t h e  Commonwealth of Pennsylvania ,  t h e  U.S. 
Environmental P r o t e c t i o n  Agency. t h e  U. S. Energy Research and ?evelopment 
Adminis t ra t ion (formerly AEC) as w e l l  as t h e  n u c l e a r  f a c i l i t i e s .  Uon i to r ing  
around t h e  Shippingport  P l a n t  by t h e  Duquesne L igh t  Company h u  not  d e t e c t e d  
any i n c r e a s e  above n a t u r a l  background r a d i a t i o n  l e v e l s  as a r e s u l t  of 
ope ra t ions  w i t h i n  t h e  f a c i l i t y .  Details of t h i s  monitor ing are r e p o r t e d  
i n  annua l ly  publ ished Duquesne L igh t  Company e n v i r o n m n t a l  m x L t o r i n g  
reports. Quest ions p e r t a i n i n g  t o  t h e  monitor ing perfonzed by ::e 
Commonwealth of Pennsylvania should be r e f e r r e d  t o  Pennsylvania.  

Background l e v e l s  have been determined over wide 

The proposal  f o r  an energy park i n  Pennsylvania  was i n i t i a t e d  by a group 
of u t i l i t i e s  i n  t h a t  s t a t e  as an a l t e r n a t i v e  t o  l o c a t i n g  new Fl.mts a t  a 
l a r g e  number of d i s p e r s e d  s i tes .  Whether i t  b e  f o r  a s i n g l e  r e a c t o r  o r  
t h e  4 t o  8 r e a c t o r s  i n  an energy c e n t e r ,  r a d i a t t o n  monitor ing is an 
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important  p a r t  of n u c l e a r  p l a n t  planning.  
ope ra t ion  of a r e a c t o r  a u t i l i t y  is r e q u i r e d  to  conduct m e a s u r e x n t s  t o  
e s t a b l i s h  background r a d i a t i o n  levels i n  t h e  v i c i n i t y  of t h e  n -c l ea r  p l a n t .  
The earliest  s t a r t u p  d a t e  f o r  a r e a c t o r  in an energy pa rk  i n  P e a ~ s v l v a n i a  
would b e  1987, and thus  t h e r e  would be adequate  t i m e  t o  e s t a b l i s h  background 
r a d i a t i o n  l e v e l s .  F u r t h e r ,  i f  an energy park is b u i l t  in Penzsplvania ,  i t  
w i l l  most l i k e l y  b e  i n  an area which does n o t  now have n u c l e a r  f a c i l i t i e s .  

For s e v e r a l  y e a r s  p r i o r  t o  

Attachments: (1) United S t a t e s  Atomic E n e r g  Commission News Pelease 
No. U-3,  January 2 ,  1975. 
L e t t e r  t o  Pfs. P a t  Hoffman from S. H. Smilep dated 
August 26, 1974, wi th  enc losu re .  
Letter t o  Ms. Pa t  Hoffman from Howard J. Larson dated 
Janua ry  17 ,  1975, vi thout  enc losu res .  

(2) 

(3)  
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No. u -  3 FOR IMMEDIATE R E L E A S E  
C o n t a c t :  J o s e p h  J .  Fouchard (Thursday ,  J a n u a r y  2 ,  1975) 
T e l .  301/973-4538 

NOTE TO EDITORS AND CCKRESPONDENTS: 

The Atcmic Energy C o n x i s s i o n  h a s  r e c e i v e d  a number o f  
i n q u i r i e s  c o n c e r n i n g  t h e  amount o f  p lu ton ium and h i g h l y  e n r i c h e d  
uranium which i s  unaccounted f o r  i n  t h e  n u c l e a r  i n d u s t r y .  

Conmissicn wants  t o  be  a s  r e s p o n s i v e  a s  p o s s i b l e  t o  t h e s e  r e -  
quests. I t  i s  t h e r e f o r e  r e q u e s t i n g  t h a t  a s h o r t - t e r m  s t u d y  be  
conduc ted  t h r o u g h  t h e  S a t i o i i a i  S e c u r i t y  Counc i l  t o  c o n s i d e r  t h e  
n a t i o n 3 1  s e c u r i t y  and i n t e r n a t i o n a l  i m p l i c a t i o n s  o f  r e l e a s i n g  
d a t a  on " m a t e r i a l  unazcoun ted  f o r "  and t o  make recommendat ions on 
t h e  manner i n  which t h i s  i n f o r m a t i o n  s h o u l d  be h a n d l e d .  

C o n s i s t e n t  w i t h  i t s  n a t i o n a l  s e c u r i t y  r e s p o n s i b i l i t i e s  t h e  

" b l a t e r i a l  unaccoun ted  f o r "  u s u a l l y  r e s u l t s  from measurement 
i n s t r u m e n t  i n a c c u r a c i e s .  I t  a l s o  c o u l d  r e s u l t  from t h e  p h y s i c s 1  
i n v e n t o r y  n o t  r e f l e c t i n g  those q u a n t i t i e s  o f  m a t e r i a l s  t h a r  
a d h e r e  t o  p r o c e s s  equipment  ( p i p e s ,  f i l t e r s ) .  F u r t h e r ,  i t  c o u l d  
be due t o  measurement and r e p o r t i n g  e r r o r s  by employees.  

The Commission w i s h e s  t o  emphasize t h a t  s t r i c t  s e c u r i t y  
p r o c e d u r e s  a r e  i n  f o r c e  a t  a l l  p l a n t s  which h a n d l e  s i g n i f i c a n t  
q u a n t i t i e s  of  p lu ton ium and h i g h l y  e n r i c h e d  uranium. Measures  
a r e  i n  f o r c e  t o  p r e v e n t  t h c f t  o r  d i v e r s i o n .  S e c u r i t y  measu res  
i n c l u d e  p e r s o n n e l  m o n i t o r i n g  d e v i c e s ,  c h e c k i n g  o f  packages  e n t e r -  
i n g  o r  l e a v i n g  a f a c i l i t y ,  g a a r d s  and b a r r i e r s  s u c h  a s  f e n c e s ,  
and a l a r m s .  I n  r e c o g n i t i o n  o f  t h e  i n c r e a s e  i n  a c t s  o f  s a b o t a g e -  
and t e r r o r i s m  i n  s o c i e t y  t o d a y ,  and t h e  f a c t  t h a t  t h e  u s e s  o f  
n u c l e a r  m a t e r i a l  a r e  g rowing ,  t h e  AEC h a s  had a ma jo r  e f f o r t  
underway t o  s t r e n g t h e n  f u t u r e  p r o c e d u r e s  f o r  p r o t e c t i n g  n u c l e a r  
m a t e r i a l  i n  t h e  i u e l  c y c l e ,  n u c l e a r  power program and t r a n s p o r t a -  
tion. 

Recent  news r e p o r t s  have c o n t a i n e d  s e v e r a l  u n v e r i f i e d  
s t a t e m e n t s  c o n c e r n i n g  " m a t e r i a l  unaccoun ted  f o r "  a t  s p e c i f i c  
f a c i l i t i e s .  

(Continued on Reverse) 
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One r e p o r t  s a i d  t h a t  t h e r e  h e r e  two known i n s t a n c e s  where  
Government employees  here  d i s c o i r e r e 2  t o  h a v e  smuggled  o u t  
enough s p e c i a l  n u c l e a r  m a t e r i a l  t o  make a n u c l e a r  h e a p o n .  
s u c h  i n s t a n c e s  h a v e  o c c u r r e d .  

No 

A n o t h e r  r e p o r t  i n v o l v e s  m a t e r i a l  a t  t h e  ACC's  g a s e o u s  
d i f f u s i o n  p l a n t s .  
t h a n  2 0  y e a r s .  
o f  m a t e r i a l  have  c o l l e c t e d  on e q u i p r e n t  and on f i l t e r s  i n  t h e  
p l a n t s .  T h i s  i s  c o n s i d e r e d  t o  bc  " m a t e r i a l  u n a c c o u n t e d  f o r . "  
Khenever  equ ipmen t  i s  removed and  r e p l a c e d ,  t h e  e n r i c h e d  u r a n i u m  
h a s  been  r e c o v e r e d  T t  chou ld  b e  n o t e d  t h a t  a m a j o r  f r a c t i o n  o f  
t h i s  m a t e r i a ]  2: ,LLG e x ~ i c h e d  u ran ium which  c o u l d  n o t  be  u s e d  
f o r  weapons p-!- 1 - 

f o r "  a t  t h e  h'err-FlcCee C o r p o r a t i o n  p l a n t  a t  C r e s c e n t ,  Oklahoma. 
The most  r e c e n t  i n v e n t o r y  o f  p l u t o n i u m  a t  t h a t  f s c i l i t y  shot is  
t h a t  o n l y  a s m a l l  amount o f  m a t e r i a l  i s  u n a c c o u n t e d  f o r .  \Then- 
e v e r  i t  a p p e a r s  t h a t  t h e  t o t a l  o f  " m a t e r i a l  u n a c c o u n t e d  f o r "  a t  
a l i c e n s e e  f a c i l i t y  e x c e e d s  a l i m i t  impcsed  b y  A E C ,  ths .  p l a n t  
s h u t s  dokn and  makes an  immedia t e  i n v e f i t o r y .  On t \ \ o  o c c a s i o n s  
i n  t h e  l a s t  y e a r  Kerr-blcGee h a s  done  t h i s .  
" m a t e r i a l  u n a c c o u n t e d  f o r "  b a s  d e t e r m i n e d  t o  b e  s m a l l  and  we l l  
w i t h i n  no rma l  l e v e l s .  

.These p l a n t s  have been o p e r a t i n g  f o r  more 
Dur ing  t h a t  s p a n  o f  t i m e  s u b s t a n t i a l  q u a n t i t i e s  

P r e s s  s t o r i e s  a l s o  have  d i s c u s s e d  " m a t e r i a l . u n a c c o u n t e d  

The q u a n t i t )  c f  



V .68-19 

JAN 1 7 1975 

t ls .  P a t  lloffman 
24 Salcn Drive, RD 4 4  
Greensbur4, Pcnnsylvanla 15601 

Dear k. I!offnan: 

lhls  I s  In reply t o  your  letter of Dcccitber 13, 1974 t o  Hr. S. 11. Smlley 
regardlng the W X E C  ooerations :oqducted a t  Apo110, Pennsylvania and 
near Leechburg, Pcnnsylvanla, m d c r  h u t h o r l t y  of AEC r a t e r t a l s  Llcenrer. 
For your Infomaticn,  effective Jmuilry 1 ,  1375, t h e  of f ic la l  naw o f  
the llcensce was chanqcd frofa fluclcar Hsterlals End Equlprent Ccrporatlon 
(:IlWEC) t o  the iluclcer fbtcrials Qlvislon o f  the Babcock and Nilcox 
Company (DAH). 

You requested Infomation regarding tho provislcns f o r  prrbllc hearin5s as 
related t o  renewal o f  thesn licenses. A E C  regulctfons It?plm!itfna rhe 
Atomlc  Enemy Act  o f  1354, as aipended, do not rcay?re holdinq o f  a public 
hearing Cor the issuance or rensdal o f  a materials llcense unlsss a 
public hearlnq i s  rcqucsted by a pcrson whose in tc rcs t  pay be af fec ted .  
A t C  waterlals licenses, t h e  t y p o  tield by U M ,  are llcanscs issued u n d o r  
the provisions o f  ALC r2gula:Io:is 10 CF9 Parts 30, 49 and 70. 
f o r  producticn arid utllttatlon f a c i l l t l e s ,  f o r  e x s q l e  nuclear rezctors 
and fuel rcprocesslng f~cllltles, are issur?d pursuant t o  10 CFil P3rt 50.) 
The procedures and requlrcrents f o r  a p e t l t l o n  for leave t o  intervcno 
and requests for A Iicsring in nny licensing n c t i c n  are se t  forth in 
Scctlon 2.714, 10 CFR P a r t  2 o f  tf:e AEC regulatlons. 
Part 2 Is enclosed for  your i n f o ~ i a t l o n .  
concernina peti t ions for leave t o  intewenc I n  Appzndix A t o  10 CFR 
Part 2. 
I n  Section 2.715 o f  Part 2 and also are discussed I n  Appendfx A. 

As you Indicated In your l c t t c r .  the AEC Regulatory s t a f f  has been rwieulng 
appllcatlons subnftted by flURIEC I n  connection w i t h  renewal o f  ?aterials 
Llcenses :io. SX4-145 (Docket 70-125) mi Sl;ll-414 (Pocket 70-354) .  These 
llccnscs cover  the r a j o r i t y  o f  thc a c t i v ' l t l e s  a t  %?e Apollo and Parks 
Townsliip (Leechburg) s i  t c s .  reswct lvoly .  Tlic s u b j e c t  renewal appllcatlons 
were submltted Psy 31,  1972 f o r  Llcense No. SHH-414 and October 3 1 ,  1372 
for License )lo.  SfW1.15. The s t a f f ' s  rev iew  o f  thsse applications w3s 
delayed and questions Here n o t  transnitted to thc? licensee un:ll August 20, 
1974 f o r  Sfitf-414 and O c t o b w  11, 1974 for  Stil.1-145. 
and nature of  the questions and because o f  changes It? t h o  l icensee's  
Organization and achlnlstratlon, L$a s t a f f  has agrced uith the licensee 

(L iccnses 

A copy o f  10 CF2 

Provlslons f o r  l in i t ed  appearances a t  a hcarino a r c  specifled 

Also, please note the discussfon 

Llecausc of the extent 
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ulat a coqlete rav is lon  o f  th tvnewal appllcattons is a p p r o p r l a t c .  
Accordingly, C:d has Indlcatad that a to ta l ly  mvlsed  nev vel s p p l l -  
a t l o n  w l i l  bo subnitted aarly t h i s  yoar for L!can;$ No. S:i:bSl4 to 
bo follommd In about b r e u  mntho bg a revf tad appltcatlon for l lcensa 
wo, srli4-145. 

The rarwn3l apyllcattons are for t b 3  purposct o f  updattng and consolfdattng 
deicrlpttons and :aPctf r c q u f m n t s  o f  pmwlously auL9orlzsd actlvft ies  
and am not expactzd t3  add rtw o p w a t l t m .  
t lons, the e x i s t i n g  Itcanscs, as menc!3d, continw 111 e f t ' zc t  u n t i l  a final 
datcmlnatlon Is rads  by tbo AEC on ticl twqucsts for mnawal. 

Coplcs of t h ~  rav lsed  nrmal  nppllcatiim, w h n  9~!3314tt~d by BMe wi l l  be 
placed in t h s  local ~ t r b l l c  d m n n t  f l l o  a t  the Apollo library. 6% also 
am placing copics o f  the staff's l o t t a r s  o f  t,uqul;t 20 enJ ' I t tobar  11, 1974 
In U~ls 1113. As noted nliaVC, C?esa letters re f lec t  ttm s t a f f ' s  ~ i f t w 5  ai' 
t!!? ea r l i e r  m m a l  applications. 
mw%al applicstionz for t h e  ha0110 llbrar/ f i l e  rnr, as we unckrstand,  cines 
ths Ilcensrae. tlcwwr, i n  vleu o f  t!!? f x t  B a t  3 e s o  dor imnts  a m  f icm t o  
be supersadad, rre h9pc t h a t  t?o abava arranicmnt3 am satisfactory.  C w l o s  
of tha applIcatloris, as well as othzr l lcansca correswmknc?, am a v a i l a b l e  
for p b l l c  Inspection a t  rho KC P u h l l c  Docmnt R o m  l ccated e t  l i 17  H S t x e t ,  
r C .  W., Mashlngton, 0. C, 

The HWXC liccnscs w e n  I s s u 2 d  a nwaSer of  yanrs ago, plrf#r t o  t?c ttm t h a t  
th national Env Inn%wta l  Policy A c t  o f  1953 becer,? n f f x t l v B .  
cnviro;nmtal l i r ~ a c t  st?termts ham been  p n p a ~ d  by tila CIEC covcrln? t h s a  
actfv!  t i e s .  timevar, i n  acconlancn ufth 10 CfR Part 51 
bgulatory Pol icy and Procndul rs  for  Lqvfrommtrr l  PmtectioQ,' S o t , ,  o f  t h  
ltcense mmzral actions d i s c s s e d  abovc requfm nn evaluation 3y the A X  t o  
dctormlne i f  en cnviroo5zn,ntal Ir72act statment $:auld be ?n??arad. 
dr?temfnad CqdE an i?wirc:mnLIl stJ;lkmnt mod n o t  h prqamd, a nr??itfva 
dsclartticn and an cnvirxccntnl ap,ira2sal n l l l  be orc?ar?d, A copy a4 
10 CFR Part 51 I s  enclosed; your atrentlcn I s  direct2d to 531.5(b) ( 5 )  and 
I51,5(c). To provida a hasfr for t ! ~  staff's cvaluJ t fon  and suhequent  
daternfnation, 52f ita; fnrlicatccf t h a t  i t   ill s v M t  by June 1975 q p r o p r f a t e  
criv1ronr;;ental i n f o m t l o n  f o r  the a c t i v f  t las  conddctcd undcjr Lic;nsas !lo. 
SllX-145 ar?d W?!-414. 
will ba ylacud i n  the d i c m n t  f'fle r t  tho i&?ollo library for public  Inrpectfon,  

In acc3dtinso w f t h  A X  n y v l a -  

!.k t ! ~  not hnvc spzre ccpfes oP t h  '1972 

nu;, n3 
'Cicr?nsing and 

I f  I t  i s  

C o p i s  o f  t ' vz2  subni t tals an3 m y  n l a b c d  c o r t - e s x m M m  
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If  you have any further qumtjono regarding these matten, please l e t  
me know. 

Sincerely, 

origin31 Sigrid by’ 
i~oward J. h r s o d  

lloward J. Larson 
Acting Deputy Director 

Dlrectcrata of Liccnslng 
for Fuels and I?a te r ia l s  

Enclosure: 
10 CFR, P a r t  2 
10 CFR, Part 51 

cc: fir. 14. A. Cameron 
Id uc 1 e a r Pa t e r i a 1 s D 1 v 1 s 1 on 
Babcock and t l l lcox Corcpany 
GG9 11. Uarrcn  Avenue 
Apollo, Pennsylvania 15613 
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U N I l E D  STATES 

ATOMIC E : : E R G ‘ /  CC’tv;Y.l;SSICN 
WASHIYGTON. O.C. 23545  

bls. Pat  Hoffmn 
24 Saicn  Drive,  R.D. 1 
Greensburg, Pennsylvania 15601 

Dear MS. Hoffman: 

I am pleased  t o  r e p l y  t o  your l e t t e r  o f  J u l y  10 t o  Dr. Ray. 

With r e spec t  t o  your reqt ies t  f x  a f i l e  o f  s a f e t y  r e l a t e d  informat ion  
for  a l l  n a s l e a r  f a c i l i t i e s  wit’rin a 50 -n i l e  r ad ius  of Greensburg ,  
Fennsylvania ,  we r e c e n t l y  s e n t  Senator  Schweiker a l e t t e r  concerning 
tSe  l o c a l  pub l i c  document rooms t h a t  have been e s t ab l i shed  i n  
Pennsylvania .  
u l z r ’ i a c i l i t y  a r e  s e t  up i n  t h e  v i c i n i t y  o f  t he  f a c i l i t y .  
two near  P i t t sbu rgh :  t h e  Beaver Area Elemorial L ibrary ,  Beaver, 
Pennsylvznia (Duquesne L i g h t  Compan:~); and the  Xpollo N e n o r i a l  L ibrary ,  
Ap01 l o ,  Pennsylvar.ia {Nuclear : k i t e r i a l s  and Equi-pent  CorForat ion)  . 
Since  %e h-rote Ser,ztor Sckwei!:er, we have taken s c t i o n  Eo e s t a b l i s h  a 
l o c a l  publi-c document room f o r  t h e  a c t i v i t i e s  o f  - the  Iks t inghouse  
E l e c t r i c  Company i n  t h e  g r e a t e r  P i t t sbu rgh  area .  
of t h e  l o c a t i o n  when it has been chosen. 

These l o c a l  f i l e s  of d.octtllents pe r t a in ing  t o  a p a r t i c -  
There are  

We w i l l  n o t i f y  you 

Your ques t ions  about t h e  a c t i v i t i e s ,  monitoring, and energency planning 
f o r  Nuclear Mate r i a l s  and Equipment Corporztion ( M I E C )  and t h e  
h’estinghousc opera t io i i s  a t  IVzltz Nil1 a r e  answered i n  t h e  enc losure  t o  
this l e t t e r .  

S ince re ly ,  

S. H .  Smilcy, Deputy Direc tor  

D i rec to ra t e  o f  Licensing 
for Fuels  and X a t e r i a l s  

Enc losiir  e : 
Ansxers t o  Quest ions 
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Answers t o  t h e  Ques t ions  asked by Pat  !!offman, l e t t e r  d a t e d  J u l y  1 0 ,  1974 

WbIEC - Apollo and Leechbur?,  Pa. 

1. What m o u n t s  snd k inds  o f  r a d i o a c t i v e  m a t e r i a l s  d o e s  PUNEC hand le?  
h%at.form i s  t h e  m a t e r i a l  i n ?  

W l E C  h a s  t h r e e  l i c e n s e s  f o r  t h e  p o s s e s s i o n  and p r o c e s s i n g  o f  
radioactive materials: SNB-502, Docket So, 40-1193; 531-145, 
Docket ?!o. 70-135; and ShN-414, Docket No. 70-364.  T h e i r  
p o s s e s s i o n  limits f o r  t h e  v a r i o u s  m a t e r i a l s  a r e  as follows; 

SIB-502: N a t u r a l  fir d e p l e t e d  uranium or thorium - no l i m i t  

SNM-145: TDtal U-235 i s o t o p e  i n  uranium - 7850 k i l o g r a m ,  
d i s t r i b u t e d  a s :  

UF6 and s c r a p  w i t h  more t h a n  5% U-235 - 
2100 kg uranium 

UFg and s c r a p  w i t h  l e s s  t h a n  5% U-235 - 
115,000 kg u r a n i u n  

SNM-414: T o t a l  p l u t o n i m  and /o r  u r a n i m  c o n t a i n i n g  g r e a t e r  
t h a n  5 %  U-235 i s o t o p e  - 2000 k i l o g r m s ;  

Plutonium-238 i s o t o p e  - 120 grams; 

Uranium-233 i s o t o p e  - 4000 grams; and 

Uranium c o n t a i n i n g  n o t  more t h a n  5% U-235 - 
223,000 kg. 

The r a d i o a c t i v e  ma te r i a l s  a r e  g e n e r a l l y  rece ived  a s  m e t a l ,  UFs, 
o r  o x i d e s  i n  approved sh ipp ing  c o n t a i n e r s .  They s r e  p s s e s s z d  
and used i n  v a r i o u s  c h e n i c a l ,  ce ramic ,  o r  m e t a l l u r g i c a l  f o r m s ,  
and g e n e r a l l y  1eaI:e t h e  p l a n t s  a s  e n c a p s u i a t e d  f u e l  f o r n s  such 
as o x i d e s ,  c e r a n i c s  o r  metal  a l l o y s .  

2. l a a t  kind o f  mon i to r ing  o f . r a d i o a c t i v e  m a t e r i a l  i s  done at hJJXEC? 
What kind o f  mon i to r ing  of  r a d i o a c t i v e  n z t e r i a l  i s  done i n  t h e  a r e a  
su r round ing  SUMEC? lihaz i s  t h e  s i z e  of t h e  a r e a  monitored around 
hVlEC? 

In g e n e r a l ,  t h e  AEC r e q u i r e s  t h a t  each l i c e n s e e  e s t a b l i s h  and 
maintain a pragrim of  mon i to r ing  f o r  r a d i o a c t i v i t y  t o  p r o t e c t  
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h i s  workers and t h e  g e n e r a l  p u b l i c ,  a s  well  a s  t o  show compliance 
w i t h  o u r  r r g u l a t i o n n .  The adequacy of t h i s  program i s  e v a l u a t e d  
b e f o r e  a l i c e n s e  i s  i s s u e d ,  and t h e  r e s u l t s  o f  t h e  mon i to r ing  
program a r e  exanined p e r i o d i c a l l y  by AEC i n s p e c t o r s .  

The i n p l a n t  monitor ing g e n e r a l l y  i n c l u d e s  a i r  sampling t o  
determine c c n c e n t r a  t i o n s  o f  a i r  borne rad ioac  t ive par t i c u l  a t  es 
i n  t h e  work a r e a s ,  r a d i a t i c n  dos ime t ry  t o  measure t h e  dose t o  
i n d i v i d u a l s  from e x t e r n a l  r a d i a t i o n s  such a s  b c t a ,  g a m a ,  and 
n e u t r o n s ,  and r a d i a t i o n  su rveys  w i t h  i n s t r v m e n t s  t o  d e t e r n i p e  
t h e  p r e s e n c e  o f  r a d i a t i o n  i n  hork a r e a s .  
t i o n  mon i to r ing ,  t h o s e  p l a n t  f e a t u r e s  which c o n t r i b u t e  t o  r a d i a -  
tion s a f e t y ,  such as v e n t i l a t i o n  s y s t e 3 s ,  a i r  f i l t e r s ,  e t c . ,  a r e  
p e r i o d i c a l l y  monitored f o r  s a t i s f a c t o r y  performance. 

A l l  e f f l u e n t s  from a p l a n t  must be  measured f o r  r a d i o a c t i v i t y  
b e f o r e  be ing  r e l e a s e d .  I n  t h e  c a s e  o f  e f f l u e n t  a i r  fron t h e  
p l a n t ,  samples a r e  t a k e n ,  u s u a l l y  a t  t h e  p o i n t  of  d i s c h a r g e .  
Liquid e f f l u e n t s  a r e  a l s o  measured, ms t  coxmonly by c o l l e c t i n g  
i n  a h o l d i n g  t a n k ,  t a k i n g  a sample and a n a l y z i n g  t h e  sample be- 
f o r e  t h e  c o n t e n t s  of  t h e  ho ld ing  t a n k  a r e  r e l e a s e d .  I n  s o ~ e  
i n s t a n c e s ,  l i q u i d  wastes  a r e  no t  releasea- f r o n  a p l a n t  b u t  a r e  
s o l i d i f i e d  and h a x i l e d  a s  a s o l i d  waste.  S o l i d  was te s  a r e  n o t  
r e l e a s e d  t o  c h r  p l a n t  e n v i r o n s .  A f t e r  m e x u r c n e n t  t o  d e t c m i ; ? e  
t h e  amount of r a d i o a c t i v i t y  p r e s e n t ,  s o l i d  was te s  a r e  t r a n s -  
f e r r e d  t o  a l i c e n s e d  d i s p o s a l  s i t e  where t h e y  are b u r i e d .  

In a d d i t i o n  t o  r a a i a -  

A d d i t i o n a l  samples may be  t a k e n  o u t s i d e  t h e  p l a n t  t o  a s s e s s  t h e  
impact  on t h e  environment o f  t h e  p l a n t  e f f l u e n t s .  

hUbfEC h a s  an e n v i r o n w n t a l  mon i to r ing  program.\zhich..includes 
t h e .  sa??l i .n~ sf. t h ?  K i . s k i - i n n t ~ s .  Ri?;eT, both above anzl below 
t h e  ~1::;. 
sz.:?!:; ~t s e v e r a l  s e l e c t e d  l o c a t i o n s  a t  t h e  p l a n t  s i t e  and i n  
t h e  ucr+st ; ic ted a r e a  around t h e  p l a n t .  
v e g e t a t i s n  samples a r e  t a k e n  t o  confirm snd augment t h e  o t h e r  
samples  i n  t h e  q n r e s t r i c t e d  a r e a ,  and s p e c i a l  sLvp1ing p r c g r m s  
would be  i n i t i a t e 3  whenever t h e r e  i s  any ev idence  t h a t  any loss  
of c o n t r o l  nay have o c c u r r e d .  X o s t  o f f - s i t e  samples a r e  :&en 
w i t h i n  a mile o f  t h e  p l a n t ,  w i t h  o t h e r s  t aken  up to 5 iniles from 
the  p l a n t .  

The AEC p e r i o d i c a l l y  i n s 2 e c t s  t h e  p l a n t s  and r ev iews  t h e  opera-  
t i o n s  and r e c o r d s  t o  a s s u r e  t h a t  hW1EC is  o p e r a t i n g  w i t h i n  t h e  
e s t a b l i s h e d  l i m i t s .  

Ti::)- Lnaintain a me teo ro log ica l  s t a t i o n  and t a k e  a i r  

P e r i o d i c  s o i l  and 

n 
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3. k’hat i s  t h e  l a r F c s t  c r e d i b l e  a c c i d e n t  t h a t  could  o c c u r  a t  .“‘.!EC and 
what v:ould be t h e  poss ib_ le /p robab le  e f f e c t s  on p e o p l e  i n  t h e  s u r -  
round ing  a r e a ?  

A. p r i n c i p a l  o b j e c t i v e  i n  t h e  d e s i g n  and o p e r a t i o n  o f  &Le1 
p r o c e s s i n g  and f a b r i c a t i o n  f a c i l i t i e s  i s  t h e  p r e v e n t i o n  of 
a c c i d e n t s  :ihich m u l d  r e s u l t  i n  t h e  u n c o n t r o l l e d  r e l e a s e  o f  
r a d i o a c t i v e  n a t e r i 3 1 .  I n  a d d i t i o n ,  s a f e t y  s y s t e m  and p r o -  
c e d u r e s  a r e  utilized t o  m i t i g a t e  t h e  consequences  of  an  
a c c i d e n t  i n  t h e  u n l i k e l y  event t h a t  one  shcu ld  o c c u r .  
example,  t h e  v e n t i l a t i o n  s y s c e n s  c o n t a i n  h i g h l y  e f f i c i e a  
f i l t e r s  t h a t  have p r o t e c t i v e  f i r e  s c r e e n s  ahead  o f  them. 

For 

In  a s s e s s i n g  t h e  adequzcy o f  t h e  d e s i g n  o f  a p l a n t  such  as 
N l b I E C ’ s ,  no s i n g l e  ;naxin$q c r e d i b l e  a c c i d e n t  i s  c o n s i d e r e d ;  
r a t h e r ,  c e r t a i n  a c c i d e n t s  o f  conce rn  €o r  t h e  t y p e  o f  o p e r a -  
t i o n s  conducted  a r e  p o s t u l a t e d .  
s i d e r e d  f o r  SU!4EC are  f i r e ,  chemica l  e x p l o s i o n ,  and n u c l e a r  
c r i t i c a l  i t  y. 

The t h r e e  a c c i d e n t s  con- 

In  t h e  c a s e  of f i r e ,  t h e  e n p h a s i s  is’ OR p r e v e n t i o n ,  e a r l y  
d e t e c t i o n ,  and p r o s p t  c o r r e c t i v e  a c t i o n .  :;hercver p o s s i b l e ,  
noncombus t ib l e  o r  d i f f i c u l t - t o - i g n i t e  m a t e r i a I s  o f  c o n s t r u c -  
t i o n  a r e  x e d ,  .and t h e  F f e s e n c e  o f  o t h e r  c o a 5 u s t i b l e  za r s r i a l s  
i n  t h e  p r o c e s s i n g  a reas  i s  s t r i c t l y  c o n t r o l l e d  and k e p t  t o  a 
minisum. Heat s e n s i t i v e  i n s t r u m e n t s  a r e  i n s t a l l e d  t o  a u t o -  
m a t i c a l l y  a c t i v a t e  an  ? l a m  i n  t h e  e;-er?t o f  f i re .  
a c t i v a t e d  f i r e  a l a rm sys tem is  a l s o  pro- i ided .  
f i r e  e x t i n g u i s h e r s  a n d . i n e r t  g a s  s y s t e m  a r e  p r o v i d e d  in t h e  
g l o v e  boxes t o  e x t i n g u i s h  f i r e s .  F i r e s  o u t s i d e  o f  t he  g l o v e  
boxes  a r e  c o n t r o l l e d  w i t h  f i r e  e x t i n g u i s h e r s  2nd c o n v e n t i o n a l  
f i r e  f i g h z i n g  s y s t e m  t h a t  a r e  used  .by t h e  p l a n t  f i r e  b r i g a d e  
o r  t h e  l o c a l  E i r e f i g h t i n g  companies.  

A nanually 
Powder t y p e  

In  t h e  case of  c h e g i c a l  e x p l o s i o n ,  t h e  emphasis i s  on p r e v e n t -  
i n g  c o n d i t i o n s  which cou ld  r e s u l t  i n  e x p l o s i o n s  ar,d t h e  d e t e c -  
t i o n  of  such  c o n d i t i o n s  so  t h a t  c o r r e c t i r c  a c t i o n  can  b e  t a k e n .  
S o l v e n t s  and flancable g a s e s  a r e  s t o r e d  o u t s i d e  :he b u i l d i n g s  
and are  used  i n  l i m i t e d  and c o n t r o l l e d  q u a n t i t i e s  i n  t h e  b u i l d -  
ings.  I n s p e c t i o n s  and s m p l e  a n a l y s e s  a r e  a l s o  used  t o  h e l p  
minimize t h e  p o t e n t i a l  f o r  e x p l o s i o n  c o n d i t i o n s .  

In  t h e  c a s e  o f  n u c l e a r  c r g t i c a l i t y ,  t h e  emphas is  i n  on p reven-  
t i o n ,  t h rough  the  des iEn  o f  equipment and i c s  s T a c i n g ,  and 
t h r o u g h  rigorous1;- enFcjrced rules which a s s u r e  t h a t  t h e  n u c l e a r  
s a f e t y  p a r a m e t e r s  a r e  n o t  v i o l a t e d .  
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I t  is p o s s i b l e  t o  p o s t u l a t e  a c c i d e n t s  t h a t  would b e  more 
severe t h a n  t h o s e  c o a s i d e r e d  i R  t h e  d e s i g n  o f  t h e  p l a n t  which, 
i f  t h e y  o c c u r r e d ,  cou ld  cause  o f f - s i t e  e f f e c t s ;  hotcever, i f  
t h e  p r o b a b i l i t y  of such .  a c c i d e n t s  happenin; i s  s u f f i c i e n t l y  
low, t h e  r e s u l t i n g  r i s k  i s  judged  t o  be a c c e p t a b l e  when com- 
p a r e d  t o  o t h e r  p u b l i c  r i s k s .  

S a f e t y  r e l i a n c e  i s  n o t  p l a c e d  c?n j u s t  t h e  p l a n t  d e s i g n .  To 
a s s u r e  t h a t  l i c e n s e e s  z r c  p r e p a r e d  t o  cope w i t h  c n e r g e n c i e s ,  
t h e  AEC r e q u i r e s  t h a t  t h z y  h?\?e a n  emergency p l a n  o f  a c t i o n  
t h a t  i s  des igned  t o  p r o t e c t  :he h e a l t h  and s a f e t y  of t h e  pub- 
l i c .  
l oca l  poli.ce:nen, f i r e m e n ,  h o s p i t a l s ,  p u b l i c  h e a l t h  o f f i c i a l s ,  
and  o t h e r s  n e c e s s a r y  t o  pro>:i.de a s s i s t a n c e .  The l i c e n s e  p l a n  
is backed up by AEC r e s p o n s e  t e m s ,  c o n s i s t i n g  of  t r z i n c d  ar.d 
equipped r a d i a t i o n  s a f e t y  peTsonnel. T h e s e  teams are s t r a t e -  
g i c a l l y  l o c a t e d  around t h e  t in i red  S t a t e s  and can  go i n t o  a c t i o n  
on  s h o r t  n o t i c e .  As nay be  n e c e s s a r y ,  t h e  r a d i o l o c i c a l  ass i s -  
t a n c e  p l a n s  o f  t h e  .AEC cou ld  i n v o l v e  t h e  f u l l  r e s o u r c e s  o f  t h e  
-Fe.der.al government.  

Almost a l l  a c c i d e n t  possibilities t h a t  might b e  postuiate:!  a t  
NUNEC would be c o n t a i n s 3  xi:hin th,e p l a n t  . m d  : i ~ ' ~ l d  n o t  a f f e c t  
people i p  t h e  sur roundl r ig  ares .  ;Ifi t h e - ' h i g h l y  kn1ikdl.y event  
t h a t  an a c c i d e n t  b reached  t h e  conf inement  s y s t e n s  and a l lo t i ed  
a i r b o r n e  m a t e r i a l s  t o  be r e l e a s e d ,  XUNEC h a s  deve loped  c l a n s  
€or t h e  e v a c u a t i o n . o f  peop le  doiinr;ind f r c n  t h e  p1ar.t m d  t h e  
subsequen t  s t a b i l i z a t i o n  and d e c o n t a * i n a t i o n  of  t h e  a r e a s ' ,  t h u s  
minkmizing t h e  effects  on p e o p l e  i n '  t h e  s u r r o u n d i n g  . a r e a .  

T h i s  p l a n  r e q u i r e s  t h a t  p r e a r r a n g e r e n t s  be  made i i i t h  t h e  

4. How iiculd people of t h e  .2 rza  be  c o t i f i e d  i f  WYEC had a l a r g e  s .ca le  
accl<c.?t :,-,.,.:-..;- - _.. .  _ ,  . _ _  ~ ...._ -:. I f  such  an  e v e n t  shouId  o c c u r ,  
what k i n d  or' . i c t x ~ ! s  2:: r~c;;-r.:::isd f o r  p e o p l e  of a r e a  s u r r o u n d i n g  
Nb?.IEC? 

. .  . . . .  ~- ., . , -_--  ...., -.:> 

NU>fEC's emergency p l a n  i n v o l v e s  c o g r d i n a t i o n  w i t h  t h e  l o c a l  and 
s t z t e  p o l i c e  t o  c o n t r o l  t h e  mvernent o f  p e o p l e  i n  any a r e a  t n a t  
might  be a f f e c t e d  b y a  p l a n r  a c c i d e n t  i n v o l v i n g  t h e  r e l e a s e  o f  
r a d i o a c t i v e  m a t e r i a l .  A mez5er of  h'U?lEC management i s  r e s p o n -  
s i b l e  f o r  c o n t a c t i n g  t h e  l o c a l  r a d i o ,  t e l e v i s i o n ,  and newspaper 
o f f i c e s  and kecpirig t h e  p u b l i c  i n f o m e d  of any emergency con- 
t r o l  a r e a s  e s t a b l i s h e d .  !;U'.!EC h a s  t h e  r e s p o n s i b i l i t y  f o r  re -  
g a i n i n g  c o n t r o l  o f  t h e  p l a l t  p rob lems ,  of s t a b i l i z i n g  t!ie 
r a d i o a c t i v e  m a t e r i a l s  i n  t h e  o f f - p l a n t  areas,  and f o r  d e c o n t x , i -  
n a t i n g  t h e  p l a n t  aqd o f f - s i t e  a r e a s .  The n e a r e s t  AEC Radio- 
l o g i c a l  A s s i s t a n c e  Team t o  p r o v i d e  a s s i s t a n c e  i n  such  an 

http://pro>:i.de
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emergency i s  l o c a t c d - a t  t h r  A E G ' s  P i t t s b u r z h  ? h v a l  R e a c t o r s  
O f f i c e .  F u r t h e r  i n f o r n a t i o n  on t h e  R a d i o l o g i c a l  A s s i s t a n c e  
Progran can be o b t x i n c d  f r o n  t h e  Brookhaven Area O f f i c e ,  USAEC, 
Upton, Xev York 11973. 

Peop le  i n  t h e  area should c o o p e r a t e  w i t h  t h e  p a r t i e s  r e s p o n s i b l e  
€or a t t a i n i n g  t h e  above o b j e c t i v e s ,  fo l lowing  d i r e c t i o n s  from 
t h e  l o c a l  law enforcement  z g e n c i e s  and s t a y i n g  away f r o n  t h e  
p l a n t  areas  o r  any o f f - p l a n t  areas t h a t  have been p l a c e d  unde r  
r e s t r i c t i o n s .  

Westinghouse E l e c t r i c  ComFany - Y a l t z  Mill, Pa. 

1. h%at k ind  of  mon i to r ing  o f  r a d i o a c t i v e  m a t e r i a l  i s  done a t  lValtz 
H i l l s ?  V,kat kind of mon i t3 r ing  o f  r2dioact i .de m a t e r i a l  i s  done i n  
t h e  a r e a  su r round ing  Ka l t z  X i l l s ?  Khat i s  t h e  s ize  o f  t h e  a r e a  
mon i to red  around l ia l tz  ?di l ls?  

h'esfinghou-se m o n i t o r s ,  by '?ems of- a i r  .jaTples; r a d i a t i o n  sur- 
veys ,  and p e r s o n n e l  d o s i x t r y ,  a l l  r a d i o a c t i v c ' ~ a t ~ r i a 1 s  a t  
t h e i r  F l E n t .  Fcr e x a n p i e ,  a i l  pe r sonne l  w r l i i n g  i n  r e s 7 r i c t e d  
areas-.:iear~..f~ In. b2tigeS. .OY pc.ck&t -doki.rc.ter-s ..to:.: rccord'rt,jieix :. :. c 
r a d i a r i o n  .eexpo'surc,. a ? r a c i i c e .  t h 3 t  i s  C ~ T Z O T I  t o  l i c z n s e d  
a c t i v i t i e s .  These d e v i c e s  a r e  supp1enen:ed by r x i i a t i o n  s u r -  
veys u s i n g  se.nsiti>:e i n s t r u z e n t s .  Eoth i n - p l a n t  a i r  2nd 
e f f l u e n t  .ai-r 1-eaving t h e  b u i l d i n g s  a r e  r roni tored and t!-.e 
r a d i o a c t i v i t y  measured t o  a s s u r e  th .a t  e-ployecs and t h e .  pub- 
l i c  a r e  n o t  exposed t o  c c n c e n t r a t i o n s  of  r a d i o a c t i v i t y  i n  
extess of  t h a t  p e m i t t e d  by the r e g u l a t i o n s .  A l i  l i q u i d s  
which 3 i g h t .  c c n t a i n  r z d i o a c t i v i t y  are coI . lected i n  r e t e n t i o n  
tanks f o r  s a n p l i n g  and n o a s u r e z e n t .  If t h e  l i q u i d s  r?re found 
t o  c o n t a i n  r a d i c a s t i v i t y  i n  e x c e s s  of  r e l e a s e  l i x i t s ,  t h e y  a r e  
p r o c e s s e d  t o  remove t h e  r a d i o a c t i v i t y  t o  an a c c e p t a b l e  l e v e l .  

Air samples a re  c o l l e c t e d  o n - s i t e  a t  d i s t a n c e s  up t o  one n i l e  
from t h e   cent^-31 o p c r z t i 5 n s  a r e a ,  i n  o r d e r  t o  p r o v i d e  d a t a  t o  
supp!crirnt :!:e ~ c . ~ ~ i i ? c i c r . t s  ;?.:id;. on t h c  nir 3 s  i t  i s  di~~;!-,nr;c.l! 
f r o n  t h e  p l m t .  Sit : : i l : ir ly,  t i a t c r  s z i p l c s  a r e  t a k e n  z t  i ! i ~  l o -  
c a t i o n s  o n - s i t e  from C s l l e y s  Creek and a t  t\co l o c a t i o n s  3 f f -  
s i t e  from Sewickley Creek. S i l t  s m p l e s  are  c o l l e c t e d  from 
C a l l e y s  Creek above and br lcw t h e  p o i n t  where l i q u i d s  are  
d i s c h a r g e d .  

2. What i s  t h e  l a r g e s t  c r e d i b l e  a c c i d e n t  t h a t  could occur  st IVaItz 
Plills and what riould be t h e  p o s s i b l e / p r o b a b l e  e f f e c t s  on t h e  peop le  
i n  t h e  su r round ing  area? 

http://r2dioacti.de
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S i n c e  t h e  Kestinghousc T c s t  ?!e3ctor and t h c  h o t  c e l l s  f o r m r l y  
used f o r  \cork on i r r c d i a t e d  fuel and i r r a d i a t e d  r e a c t o r  compo- 
n e n t s  have bcen s h u t  do:;n, t h e  i n v r n t o r y  of  r a d i o a c t i v e  m a t e r i a l  
a t  t h e  s i t e  has  been reduczd c o n s i d e r a b l y .  The  p r i p c i p a l  acti:'- 
i t y  a t  KaItz  Xi11 i s  i n  t h e  a n a l y t i c a l  l a b o r a t o r i e s .  A c c i d e n t s  
i n  t h e s e  o p e r a t i o n s  \\auld no; be expected t o  r e l e a s e  r a d i o a c t i v -  
i t y  from t h e  c o n f i n e s  of t h e  b u i l d i n g s  and t h e r e f o r e ,  would n o t  
a f fec t  t h e  p u b l i c .  

3.  How r:ould peop le  of  t h e  a r e a  be n o t i f i e d  if Waltz blills had a Large 
s c a l e  accident '  i nvo lv ing  r a d i o a c t i v i t y ?  
o c c u r ,  !;hat kind of a c t i o n s  a r e  recommended f o r  p e o p l e  o f  a r e a  s u r  
round ing  l r a l t z  Mills? 

I f  such an even t  s b d l d  

Westinghouse m a i n t a i n s  energency p l a n s  t o  d e a l  w i t h  t h e  conse- 
quences o f  an a c c i d e n t a l  r e ? e a s e  of r a d i o a c t i v i t y .  
has  p r o v i s i o n s  f o r  n o t i f y i n g  c i v i l  authorities and l i s s e n i n s t -  
i n g  in fo rma t ion  t o  t h e  p u 5 l i c .  
l i c e n s e d  f a c i l i t i e s ,  t h e  p!m i s  c o o r d i n a t e d  w i t h  l o c a l  law 
e n f o r c e n e n t  a u t h o r i t i e s  ar.d pub.j ic h e a l t h  a g e n c i e s .  
kes t inghouse  enerzency p l a n  hris t h e  sane b a s i c  - c h a r a c t e r i s t i c s  
as t h e  NWIEC p l a n  ( s e e  q u e s t i c n  3 above) .  

T h i s  p l a n  

As wi th  a l l  energency p l a n s  f o r  

The 
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AWL1 7, 1975 

Y r .  W.H. Pennlnvton 
A s  ses m e n t  and C oord Ina t i o n  Cf f I c e r  
D i v i s i o n  of B l o ~ e d l c a ~  and Envlron-ental  Research 
Enerqy Research and Development Bdmln l s t r a t lon  
Washington D.C. 

Dear Si r?  

I have perused t h e  envi ronmenta l  impact r e p o r t  r e c e n t l y  i s sued  by 
the BEC, relative t o  i ts  proposal  to  develope the Liquid Metal Fast 
Breeder Reac tor .  After sone d e l i b e r a t i o n  i t  i s  ny s i n c e r e  o p i n i o n  
t h a t  t h e  LIPBR proTra:: would b e  f o r  ou r  n s t i o n  a n  e x t r e a e l y  unwlse 
d e c i s i o n ,  The b e n e f i t s  promise t o  be  g r e a t ,  a l s o s t  i nva luab le .  
Bnt t h e  risks, t h e  dange r s  of such a. cou r se ,  a r e  c o m e n s u r a t e l g  
high. 
r e p o r t ,  

A s  r e g a r d s  t h e  s e c u r i t y  of UTBFt f u e l ,  for i n s t a n c e ,  t h e  AEC r e p o r t  
is dreami lg  r e a s s u r i n g .  The r e p o r t  s t a t e s  i n  i t s  s e c t i o n  dea l inp ,  
v i t h  Waste l.?anaye;lent F a c i . h i t i e s ,  "The t e c b o l o z y  and f a c i l i t i e s  
r e q u l r e d  f o r  canagenent  and' d i s g o s a l  o f  r a d i o a c t i v e  waste f r o 3  the 
LtlA f u e l  c y c l e  #ill b e  d i r e c t l y  a p ? l i c a b l e  t o  t h e  man?-erent of 
r a d i o a c t i v e  v a s t e  cene ra t ed  by t h e  LFSR f u e l  Due t o  t h e  
i n t r o d u c t i o n  of plutonium was te  such a n  a s sm.p t ion  i s  ques t ionab le .  
Can, f o r  i n s t a n c e ,  t h e  Energy Resources  and Developnent d d n i n i s -  
t r a t i o n  gua ran tee  t h e  s e c u r i t y  of LI-F!33 waste  should t h e  EFBR be 
made a v a i l a b l e  t o  f o r e i c n  c o v e r m e n t s ?  Can t h e  ER9A. guaran tee  the 
s e c u r i t y  of LI.F'H( v a s t e s  lor t h e  c o n p l e t e  d u r a t i o n  of t h e i r  f e r t i l e  
and f i s s i l e  l ives?  
cond i t ions .  Can t h e  EP.9A. guaran tee  t h e  s t a b i l i t y  of  any g o v e r m e n t  
f o r  t h e  f e r t i l e  or f i s s i l e  l i f e  of Plutonium 2391 The s e r i o u s n e s s  
of I;ZTiR tec'hno1o.y d i c t a t e s  t h a t  it n u s t ,  The l i v e s  and h e a l t i i  of 
t o o  many people ,  t o o  nany g e n e r a t i o n s ,  weigh in t h e  balance.  

One has t o  a s k  onese l f  when t h o u g h t f u l l y  c o n s i d e r i n g  risks a s  high 
as these, is n o t  t h e r e  solile o t h e r  way t o  ach ieve  t h e  sane  ends. 1 
believe t h e r e  is. I n  f a c t  t h e r e  appear t o  %e s e v e r a l ,  a combination 
of which could  s a t i s f y  our l e c i t h a t e  needs. F i r s t  of ell t h e  E??DA 
should j o in  w i t h  HUD, HEX, T r a n s p o r t a t i o n ,  EPA, end Concress  i n  the 
d eve lopnent  of a c ompr enens iv  e na t iona 1 land-ase  , t r a n s  ?or t a  t i o n ,  
and ene rzy  po l r cy  air.led a t  t h e  c o n s e r v a t i o n  of ene rzy  and o t h e r  
r e sources .  The t 3 r u s t  of  such a p o l i c y  should be  t o  b r ing  t h e  o t h e r  
hounding p a r a n e n t e r s  of the Arnerican way of l i f e  i n  l i n e  v i t h  i t s  
bounded, l i m i t e d  r e sources .  We know t h e  bounds of our r e sources .  
And " d e f i c i t  s?endingn i n  t h i s  a r e a  I s  c l e a r l y  unecceptab le .  Such a 
p o l i c y  should b e  our t o p  p r i o r i t y .  

I n  a d d i t i o n  t o  t h i s ,  w e  a s  a n a t i o n  should i n v e s t  i n  t h e  development 
of l e s s - p o l l u t i n g ,  l ower -cos t ,  l ower - r i sk  s o l u t i o n s  t o  o u t  e n e r g  
problem. These s o i u t i o n s  sho'iild i n c l u e e  s o l a r  power, c e o t h e r n a l  
power, and a s  a Fore  v a l i d  j u s t i f i c a . t i o n  f o r  ex t ravnTant  spending 
n u c l e a r  f u s s i o n .  
hc does  today. If n e c e s s a r y  lie cen  l e a r n  t o  do s o  aza in .  GLven 
Is.F'E3R t echno lo ry ,  however, i t  i s  q u i t e  p o s s i b l e  t h a t  h e  nay  h e  
d e w i v c d  of t h a t  on t ion .  

These r i s k s  do  n o t  seem t o  be  f u l l y  r e a l i z e d  by t h e  AEC 

P e r t i c u l a r l y  in l i g h t  of  t o d a y ' s  r a p i d l y  chancing  

i.:an has  l i v e d  k e f o r e  on a love r  e n c r f y  d i e t  thaA 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADhllNlSTRATlDN 
WASHINGTON, D.C. 20545 

Hr.  Douglas W. S c o t t  
1233 G l o r i a  Drive 
San ta  Rosa, C a l i f o r n i a  95401 

Dear Hr. Sco t t :  

Thank you f o r  t h e  comments i n  your letter of A p r i l  7,  1975 on t h e  impact 
of t h e  Liquid Metal F a s t  Breeder Reactor (LMFBR). 

We a p p r e c i a t e  your concerns about t h e  s e c u r i t y  of plutonium wastes 
generated i n  t h e  LMFBR f u e l  cyc le .  As shown i n  Tab le  9.1-4 of t h e  
Proposed F i n a l  Environmental Statement  (PFES) fo r .  t h e  L V B R  Program, 
vastes con ta in ing  plutonium are produced i n  t h e  L igh t  Water Reactor (LWR) 
and High Temperature Gas Cooled Reactor f u e l  c y c l e s  as w e l l  as i n  the  
L,MFBR f u e l  cycle .  
uranium-238 which i s  p r e s e n t  i n  va ry ing  amounts i n  a l l  nuc lea r  power 
r e a c t o r  f u e l .  P lu ton iun  w i l l  be p re sen t  i n  t h e  r a d i o a c t i v e  wastes from 
a l l  s p e n t  f u e l  processing.  Thus, t h e  technology f o r  r a d i o a c t i v e  waste 
management for t h e  LWBR f u e l  c y c l e  vi11 be n e a r l y  t h e  same as t h a t  f o r  
t h e  LWR f u e l  c y c l e ,  and t h e  waste management problem exists whether or 
n o t  LMFBR development proceeds.  

P lu ton iuc  is produced by neu t ron  c a p t u r e  p r i m a r i l y  i n  

Qu i t e  obviously,  ERDA cannot guarantee t h e  s e c u r i t y  of LIFBR wastes nor  
t h e  s t a b i l i t y  of any government f o r  even one h a l f - l i f e  of plutonium 
(24,000 y e a r s ) .  However, such a guarantee should no t  be necessary.  
As d i scussed  i n  Sec t ions  4.6 and 7.3.5 of t h e  PFES, t h e  near-term 
management program f o r  high-level  w a s t e  assumed r e t r i e v a b l e  s u r f a c e  
s t o r a g e  for sa fekeep ing  on lv  u n t i l  a s a f e  and a c c e p t a b l e  u l t i m a t e  
d i s p o s a l  method h a s  been s e l e c t e d  and t e s t e d .  Su r face  s t o r a g e ,  i f  used,  
is considered t o  be a s a f e  method f o r  a l l  c r e d i b l e  occurrences.  It 
does,  however, impose t h e  requirement o f  humin s u r v e i l l a n c e  wh i l e  i t  
is i n  use. Thus a s u b s t a n t i a l  program of a n a l y s e s  of p o t e n t i a l  d i s p o s a l  
a l t e r n a t i v e s  is going forward as is  a develovment program on d i s p o s a l  
i n  geo log ica l  f o m t i o n s ,  one o f  t h e  p o s s i b l e  u l t i m a t e  d i s p o s a l  a l t e r n a -  
t i v e s .  F u r t h e r  information on t h e  waste management program can be found 
in S e c t i o n  IiI D of t h e  F i n a l  Environmental Statement.  

Regarding t h e  managenent of LHFRR wastes by f o r e i g n  governments, i t  is 
important  t o  recognize t h a t  i n t e n s i v e  develocment of t h e  W B R  is underway 
i n  a n u d e r  of c o u n t r i e s ,  F r a m e ,  Russia ,  and Great B r i t a i n  amonq o t h e r s ,  
and t h a t  s o r e  of these  ?rop,rans are f u r t h e r  advanced than  ou r s .  Thus, 
any d e c i s i o n  on ou r  p a r t  t o  no t  proceed w i t h  d e v e l o m e n t  of t h e  W B R  
nay no t  have any e f f e c t  on t h e  p r o l i f e r a t i o n  of UQBR w a s t e .  
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It is t r u e ,  a s  you s t a t e ,  t h a t  V a n  has  l i v e d  b e f o r e  on a lower e n e r w  
d i e t  than h e  does today. I f  necessa ry  he can l e a r n  t o  do so again." 
Many i n d i v i d u a l s  f e e l  t h i s  way m d  have v o l u n t a r i l y  e l e c t e d  t o  adopt 
a more s imple l i f e s t y l e .  However, a t t r a c t i v e  as t h i s  may appear t o  
be,  i t  is no t  be l i eved  t o  be a v i a b l e  a l t e r n a t i v e  f o r  t h e  Nation a s  a 
whole when one cons ide r s  t h e  dependence of t h e  g r e a t  ma jo r i ty  of t h e  
popu la t ion  on t h e  i n d u s t r i a l  economy f o r  t h e i r  ex i s t ence .  The nrost 
o p t i m i s t i c  p r o j e c t i o n  of r educ t ion  i n  energy usage through maximum 
energy conse rva t ion  e f f o r t s  is no more than a 30% reduc t ion  by t h e  yea r  
2000 from energy p r o j e c t i o n s  t h a t  vary between doubling o r  t r i p l i n g  
o u r  c u r r e n t  energy usage by t h e  yea r  2000. Thus i t  can b e  seen  t h a t  
e x t e n s i v e  new e n e r m  sources  must be found even mder t h e  most f avorab le  
energy conservat ion p r o j e c t i o n s .  This  is made e s p e c i a l l y  urgent  when 
one cons ide r s  t h e  dwindling o i l  and gas reserves a v a i l a b l e  t o  t h e  Nation. 

I n  your  l e t te r  you suggested t h a t  t h e  Nation should i n v e s t  i n  a l t e r n a t i v e  
sou rces  f o r  power gene ra t ion  such as s o l a r  and geothermal energy. ERDA 
ag rees  and is a c t i v e l y  engaged i n  developing a l t e r n a t i v e  energy systems. 
Although t h e  environmental  review of t h e  LMFBR Program has  l e d  ERDA t o  
.conclude t h a t  con t inua t ion  of r e s e a r c h ,  development and demonstration of 
t h e  LMFRR concept is needed, con t inua t ion  of t h e  LPIFBR Program w i l l  no t  
be a t  t h e  expense of a l t e r n a t i v e  power gene ra t ion  and conservat ion 
concepts ,  which must be developed on a p r i o r i t y  b a s i s .  
o t h e r  technology o p t i o n s ,  which are examined i n  Sec t ion  I1 of t h e  F ina l  
Environmental Statement ,  are r e c e i v i n g  s u b s t a n t i a l l y  inc reased  
a p p r o p r i a t i o n s  i n  t h e  c u r r e n t  f i s c a l  yea r  a n d  are proceedinff a t  a pace 
l i m i t e d  on ly  by t h e  need t o  b u i l d  up the  new p r o g r a m  e f f i c i e n t l y  and 
e f f e c t  i v e l y  . 

Indeed, t h e s e  

We are sending you a copy o f  t h e  LMFBR Program F i n a l  Environmental Statement.  
W e  sugges t  p a r t i c u l a r l y  t h a t  you read Sec t ion  11, 6 A  of t h e  Statement 
where, "lower-cost, lower-risk s o l u t i o n s  t o  ou r  energy problem," such 
as s o l a r  and Eeothennal,  among o t h e r s ,  a r e  examined. We a l s o  sugges t  
t h a t  you read Sec t ion  11, 6 C  which e v a l u a t e s  conservat ion as an 
a l t e r n a t i v e  t o  t h e  LMFBR Program. 
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It is hoped that your review of the  enclosed Final Environmental 
Statement will alleviate your concerns. 
and your interest in the LMFBR Program. 

We appreciate your comments 

Sincerely, 

w3tza-n- J mes L. Livermn 

sistant Administrator for 
Environment and Safety 

Enclosure : 
Final Environmental Statement, 
LMFBR Program 
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DEPARTMENT OF HEALTH. EDUCATION, AND WELFARE 

OFFICE OF THE SECRETARY 

WASHINGTON. D C -1 

April 8 ,  1975 

Mr. W. H. Pennington 
Assessments and Coordination Officer 
Division of Biomedical and Environmental 

Energy Research and Development 

Washington, D. C. 20545 

Dear Mr. Pennington: 

Research 

Administration 

This is in response to your request for comments on the 
AEC's proposed Final Environmental Impact Statement for 
the Liquid Metal Fast Breeder Reactor Program (WASH-1535). 
This final statement is basically an updating of information, 
estimates, and commentary on the proposed new technologies 
contained in the draft statement. Therefore our review was 
conducted from the standpoint of our suggestions and views 
provided to AEC on April 29, 1974 and June 4, 1974. 

We note that additional studies have been initiated for 
some of the technologies required by the LMFBR program as 
it advances to the operational stage. These studies include: 
the fabrication of mixed oxide fuel elements: the temporary 
storage of and ultimate disposal of high level and transuranic 
wastes produced by the reactor industry as a whole: and 
safeguards for  plutonium, including secur i ty  within  the 
nuclear power industry. 

Information in the draft statement regarding the estimates 
of potential health consequences has been updated in this 
proposed final, and utilizes health effects parameters con- 
tained in the B E I R  Committee Report. However, these estimates 
are still within the same order of magnitude as those which 
appeared in the original draft statement and have been found 
acceptable. We find that estimated uranium production has 
been increased for the time span covered by the EIS. This 
in turn increases the potential for health impacts on 
persons employed in the uranium mining industry. 

In conclusion, we view this environmental statement to 
be an improvement over the earlier draft. We note the 
incorporation, on pages 3 and 4 of Volume I, of our recom- 
mendation that future environmental statements be prepared 
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by ERDA on the significant additions and modifications to 
the program as they relate to plant sites, designs, new 
technologies, interactions with other parts of the fuel cycle, 
and on the entire LMFBR program as it develops. 

Thank you for the opportunity to review this statement. 

Sincerely, 

Charles Custard 
Director 
Office of Environmental Affairs 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Mr. C h a r l e s  C u s t a r d  
D i r e c t o r  
O f f i c e  o f  E n v i r o n m e n t a l  A f f a i r s  
Depar tment  o f  i ! e a l t n ,  E d u c a t i o n  

Washington ,  D. C. 20201 
and l J e l f a r e  

Dear M r .  C u s t a r d :  

Thank you f o r  y o u r  l e t t e r  of A p r i l  8, 1975 comnent ing  on t h e  P r o p o s e d  
F i n a l  E n v i r o n n e r i t a l  S t a t e m e n t  ( P E S )  f o r  t h e  L i q u i d  : . le ta l  F a s t  3 r e e d e r  
Reactor (L!.iFES) Program. I t  i s  n o t  s u r p r i s i n g  t h a t  you found t h e  PFES 
t o  b e  an i n p r o v e x e n t  o v e r  t h e  D r a f t  S t a t e m e n t  s i n c e  i t  t c c k  i n t o  e f f e c t  
t h e  e x t e n s i v e  c r r i t t e n  c o m e n t s  r e c e i v e d  on t h e  D r a f t  S t a t e v e n t  as w e l l  
as t h e  v i e w i  e x T r e s s e d  d u r i n e  t h e  ? u b l i c  Heariny,  h e l d  i n  A p r i l  1974.  
S i m i l a r l y ,  we b e l i e v e  you w i l l  n o t e  c c n t i n u e d  u p g r a d i n g  i n  t h e  F i n a l  
E n v i r o n x c n t a l  S t s t e w n t  (FES) . The Energy F e s e a r c h  and Development 
A d m i n i s t r a t i o n  ( C R D 4 )  h a s  c a r e f u l l y  c o n s i d e r e d  a11 w r i t t e n  C @ r * W R t S  

r e c e i v e d  on tile FFES and <he t e s t i - m y  g i v e n  a t  tk ,e  P s b l i c  I ’ ,ear ing  
h e l d  on :.lay 77-28, 1975 ir. p r e p a r i n g  t h e  FZS. A copy of t h e  S t a t e c e n t  
i s  e n c l o s e d  f o r  y o u r  i n f o r m a t i o n .  

Thank you f o r  y o u r  r e v i e w  o f  t h e  L:.IFBR Program. 

S i n c e r e l y ,  

u s i s t a n t  A d n i n i s t r a t o r  f o r  
Environment  and S a f e t y  

E n c l o s u r e :  
F i n a l  E n v i r o n m e n t a l  S t a t e m e n t ,  

L W B R  Program 
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OENERAL ATOMIC COMPANY 
P.O. BOX 81608 
SAN OIEGO. CALIFORNIA 82138 
(714) 453-1000 

A p r i l  8, 1975 

M r .  W. H. Pennington 
Assessments and Coord ina t i on  O f f i c e r  
D i v i s i o n  o f  Biomedical  and Environmental  Research 
U.S.  Energy Research and Development A d m i n i s t r a t i o n  
Washington, D.C. 20545 

Dear M r .  Pennington: 

General Atomic Company has reviewed t n e  proposed f i n a l  environmental  s t a t e -  
ment f o r  t h e  L i q u i d  Metal  Fas t  Breeder Reactor Program (WASH-1535) and t h e  
b r i e f  comments a t tached  t o  t h i s  l e t t e r  were prepared f rom t h a t  rev iew.  

We a p p r e c i a t e  t h a t  t h e  statement recogn ized t h e  s i g n i f i c a n t  b e n e f i t s  o f  t h e  
HTGR, i n  p a r t i c u l a r  t h e  low thermal d ischarge and low uranium resource  r e -  
quirements.  
n e f i t s  o f  t h e  d i r e c t  c y c l e  HTGR w i t h  i t s  p o t e n t i a l l y  ve ry  h i g h  thermal 
e f f i c i e n c y  . 
General Atomic Company has supported LMFBR development as an impor tan t  i ngre- 
d i e n t  i n  t h e  n a t i o n ' s  energy R&D program. 
t h e  development o f  t h e  LMFBR system, we a r e  ve ry  concerned about  t h e  a s s e r t i o n  
presented  i n  WASH-1535 t h a t  governmental suppor t  f o r  t h e  Gas Cooled Fas t  
Breeder Reactor  (GCFR) w i l l  t e rm ina te  i n  1982-83, when a d e c i s i o n  w i l l  be made 
t o  r e l y  s o l e l y  on LMFBR techno logy .  

A t  t h i s  s tage i n  breeder  r e a c t o r  development, such a s ta tement  i s  premature 
and f a i l s  t o  recogn ize  t h a t  two o r  more breeder  development programs l e a d i n g  
t o  eventua l  commerc ia l i za t i on  a r e  i n  t h e  n a t i o n a l  i n t e r e s t .  Most o f  t h e  
n a t i o n ' s  investor-owned and p u b l i c  e l e c t r i c  u t i l i t i e s  con t inue  t o  a c t i v e l y  
suppor t  two o r  more breeder  development programs, i n c l u d i n g  t h e  GCFR program 
a t  General Atomic Company. S ince  i t  i s  t h e  u t i l i t i e s  who must make t h e  f i n a l  
d e c i s i o n  on which breeder  r e a c t o r  system o r  systems w i l l  b e s t  f it t h e i r  needs, 
i t  i s  e n t i r e l y  t o o  e a r l y  t o  p r e d i c t  t h e  t o t a l  success, o r  t h e  u l t i m a t e  cho ice ,  
o f  one approach ove r  a l l  o the rs .  The governmental suppor t  p o l i c y  proposed i n  
WASH-1535 w i l l  se rve  t o  d iscourage p r i v a t e  inves tment  i n  t h e  GCFR and o t h e r  
r e a c t o r  concepts.  There fore ,  we recommend t h a t  t h e  f i n a l  s ta tement  be mod i f ied  
t o  r e f l e c t  these c o n s i d e r a t i o n s  and serve  as a s t imu lus  r a t h e r  than  a d e t e r r e n t  
t o  t h e  development of  r e a c t o r  technology. 

I n  a d d i t i o n ,  we apprec ia te  t h e  r e c o g n i t i o n  o f  t h e  p o t e n t i a l  be- 

Whi le we w i l l  con t i nue  t o  suppor t  
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Wc a l r o  d i sag ree  w i t h  t h e  general  assumptions and conc lus ions  presented i n  
the  c o s t - b e n e f i t  s e c t i o n  o f  t h e  statement t h a t  he l i um coo led  f i s s i o n  energy 
systems w i l l  p l a y  a minor  r o l e  i n  the  f u t u r e  n a t i o n a l  energy supp ly  p i c t u r e .  
For  many reasons, some o f  which a r e  e labo ra ted  upon i n  t h e  a t tached  connnents, 
we expec t  t h a t  gas coo led  technology (bo th  HTGR and GCFR) w i l l  p l a y  a r o l e  o f  
i n c r e a s i n g  s i g n i f i c a n c e .  

General Atomic Company's comments a r e  based upon t h e  premise t h a t  WASH71535 
i s  i n tended  as an assessment o f  t h e  maximum environmental  impact  o f  t h e  LMFBR 
program. 
statement o f  AEC r e a c t o r  development p o l i c y  o r  s t r a t e g y  n o r  t h a t  i t  represents  
AEC p o l i c y  rega rd ing  t h e  development o f  a l t e r n a t i v e  energy sources o r  nuc lea r  
op t i ons .  
o p t i o n s  a r e  developed and become v i a b l e ,  t h e  energy p r o d u c t i o n  m i x  w i l l  un- 
doubted ly  be s i g n i f i c a n t l y  d i f f e r e n t  than t h a t  p resented  i n  t h e  "LMFBR maximum 
impact s ta tement "  covered i n  WASH-1535. We b e l i e v e  t h e  r e p o r t  would be i m -  
proved i f  t h i s  p o i n t  was made c l e a r  i n  t h e  pre face .  

We would be pleased t o  meet w i t h  you o r  o t h e r  ERDA r e p r e s e n t a t i v e s  shou ld  
t h e r e  be ques t ions  on ou r  l e t t e r  o r  a t tached  comments. 

We do n o t  assume t h a t  t h i s  proposed f i n a l  s ta tement  represents  a 

Rather, ou r  conunents a r e  p resented  on t h e  assumption t h a t  as these 

S i n c e r e l y  , 
A, 

Vice  P r e s i d e n  

Enclosure 
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STATEMENT FOR THE LIQUID METAL FAST BREEDER REACTOR PROGRAM (WASH-1535) 

With commercial operation of HTGRs in the 1980s, the industrial base for the 
GCFR will be available in the late 1980s. 
calls for the construction and operation of a GCFR demonstration plant in 
the later half of the 1980s and construction of a commercial-sized GCFR by 
the mid-1990s. 
that much of the relevant fuel technology base is currently available, an3 
the principal commonality o f  future development between the LMFBR and GCFR is 
in the fuel cycle areas, such as reprocessing. 

The current development schedule 

This schedule is not tied directly to LMFBR developments in 

GCFR Development Costs 

The current industrial-government program for developing the GCFR as an alter- 
native fast breeder reactor is reviewed in the Alternatives section o f  WASH- 
1535. However, in the cost-benefit analysis section, government costs for 
developing a parallel breeder option, such as GCFR, are estimated as $5.7 x 
109 (Table 11.2-2). Work on the GCFR program has reached the stage where es- 
timates of development costs t o  commercialization are being made with some 
confidence. 
the amount quoted above for government costs will be required. This is based 
on the fact that only an incremental amount of development is required be- 
cause so much of GCFR technology is common with HTGR and LWR plant technology 
and LMFBR fuel cycle technology. Because of the development and existence of 
this technology base, we believe that the assertion on pages 11.1-16 and 11.1-17 
(Volume IV) that: 
having higher risks than the usual approach that the AEC has followed in its 
reactor development programs.. . ' I  should note that this development approach has 
been used successfully for other reactor types, and that the risks are not 
high while the benefits are substantial. 

General Atomic Company projections indicate that only 10-20% of 

"The AEC believes the approach recommended by GAC t o  be one 

Nuclear Fuel Resource Utilization 

The analyses presented in WASH-1535 document the important environmental bene- 
fits which accrlre from the utilization of our nuclear fuel rescurces in part- 
nership with our fossil resources to supply the nation's energy needs. The 
nuclear fission development scenario assumed in WASH-1535 is one possible way 
in which these benefits could be obtained. 
that there is another nuclear fission development approach which would also 
result in similar and perhaps greater environmental benefits. 
is also being developed and involves helium-cooled advanced thermal converters 
(HTGRs) and he1 ium-cooled fast breeder reactors (GCFRs). 
discussed under a1 ternatives, the assumptions made about LMFBR introduction 
are allowed to obscure the significant role which is possible for these systems 
in the U.S. energy economy. 

Breeder reactors can be used as fuel factories to breed uranium-233 for use 
in LWRs and HTGRs. 

However, it i s  widely recognized 

This approach 

A1 though these are 

In the long range, this indeed may be one prime role that 
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t he  f a s t  breeders can p lay,  i .e., as a source o f  low-cost f i s s i l e  m a t e r i a l .  
I f  t h e  breeders a re  h igh-gain breeders, they cou ld  p rov ide  a lower  cos t  
source o f  f i s s i l e  m a t e r i a l  (U-233) than t h e  U-235 obta ined from h ighe r  c o s t  
uranium ore. 

I f  t h i s  r o l e  f o r  t h e  breeder develops, then a l i m i t e d  number o f  breeders 
(one breeder f o r  two o r  t h ree  advanced thermal r e a c t o r s )  would be r e q u i r e d  t o  
s a t i s f y  t h e  f u e l  requirements o f  advanced thermal reac to rs ,  such as LWRs us ing  
the U-Z33/thorium fuel cycle, and HTGRs. Nuclear fuel resources used i n  a 
power economy c o n s i s t i n g  of advanced thermal r e a c t o r s  and breeders would be 
s u f f i c i e n t  f o r  many cen tu r ies .  
doubles t h e  amount of economical ly recoverable nuc lear  f u e l  resources. 

Recent changes i n  f o s s i l  f u e l  economics due t o  t h e  r a p i d  r i s e  i n  o i l  p r i c e s  
and recen t  increased est imates o f  economical ly recoverable U.S.  uranium re -  
sources should be considered by ERDA i n  e v a l u a t i o n  o f  commercial breeder re -  
a c t o r  schedul ing.  The U.S. energy resource base i n  economical ly recoverable 
uranium and thor ium, when used i n  c u r r e n t  generat ion LWRs and HTGRs, can be 
comparable t o  the  U.S. resource o f  coal  which i s  economical ly recoverable today. 
I n  t h e  c u r r e n t  f u e l  supply s i t u a t i o n ,  use o f  uranium and thor ium a t  even $100/lb 
i s  expected t o  be economical ly v i a b l e .  
an i n c r e a s i n g l y  l a r g e  i n c e n t i v e  t o  favor f u e l  u t i l j z a t i o n  i n  o v e r a l l  energy 
economics. The conversion r a t i o  can be increased and f u e l  cos ts  decreased i n  
t h e  HTGR by decreasing power d e n s i t y  and inc reas ing  r e f u e l i n g  frequency. The 
"resource opt imized"  HTGR assumes a power d e n s i t y  decrease from 8.4 t o  6.0 
k w / l i t e r  and a change from annual t o  semi-annual r e f u e l i n g .  These changes, 
which a re  w i t h i n  t h e  bounds o f  c u r r e n t  technology, increase t h e  average con- 
ve rs ion  r a t i o  of t h e  HTGR from 0.66 t o  a va lue o f  0.82. A t  t h i s  conversion 
r a t i o ,  t h e  r e l a t i v e  o re  requirement f o r  a p l a n t  i s  reduced by 47% over  a 
30-year l i f e t i m e .  

The use of thor ium a long w i t h  uranium more than 

With h ighe r  U308 costs,  t h e r e  would be 

HTGR Cost-Benef i t  Considerat ions 

The b e n e f i t  analyses i n  Sec t i on  11.2.4.2, F igures 11.2-27 End 11.2-28, show 
t h a t  t h e  HTGR achieves o n l y  a modest f r a c t i o n  o f  t h e  t o t a l  nuc lea r  power 
economy, even when i t  has an un res t ra ined  a l l owab le  growth. 
r e s u l t s  f rom the  assumption t h a t  t h e  HTGR does n o t  burn plutonium. I n  f a c t ,  
t h e  HTGR i s  a ve ry  e f f i c i e n t  burner  o f  p lu ton ium should t h e  need a r i s e  t o  i t  
i n  t h a t  manner. 
and c o s t  e f f e c t i v e  scenar io  i s  t o  u t i l i z e  thor ium b lanke ts  i n  breeders and the  
r e s u l t a n t  uranium-233 i n  LWRs and HTGRs. 

Th is  p i c t u r e  

Howevar, as f ient ioned e a r l i e r ,  we b e l i e v e  t h a t  a more l i k e l y  
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UNITE0 STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINIS 
WASHINGTON, D.C. 20545 

R A  ION 

Mr. Norval E. Carey 
Vice P r e s i d e n t  
General Atomic Company 
P.O. Box 81608 
San Diego, California 92138 

Dear Mr. Carey: 

Thank you f o r  your l e t te r  of A p r i l  8 ,  1975 comnenting on t h e  Proposed 
F i n a l  Environmental Statement  (PFES) f o r  t h e  L iqu id  Metal  F a a t  Breeder 
Reactor (LXFBR) Program. As you n o t e ,  t h e  E n e r m  Research and Dcvelop- 
ment Adminis t ra t ion (CRDA) is  w e l l  aware of t h e  b e n e f i t s  t h a t  could 
acc rue  from a s u c c e s s f u l  High T m p e r a t u r e  Gas Cooled Reactor  (HTG?) 
program l e a d i n g  t o  widaspread deploynent  of t h e  HTCR i n  t h e  e lec t r ic  
power economy and has  been and is  con t inu ing  t o  s u p p o r t  programs 
l ead ing  t o  development of t h e  f u l l  n u c l e a r  f u e l  c y c l e  f o r  t h e  HTCF. 

Your remarks rega rd ing  t e rmina t ion  of governnent s u p p o r t  o f  t h e  Cas 
Cooled F a s t  Reactor (GCFR) i n  1982-83 i n d i c a t e  t h a t  you may have 
m i s i n t e r p r e t e d  a s t a t emen t  which appears on page 11.2-37 o f  Volume IV 
where t h e  assumptions t h a t  went i n t o  c o n s t r u c t i n g  t h e  Base Case f o r  t h e  
c o s t - b e n e f i t  a n a l y s i s  are l a i d  o u t .  I n  t h i s  case i t  i s  a s s u r e d  t h a t  
t h e r e  would b e  no p a r a l l e l  b r e e d e r  p r o g r m  s o  t h a t  i t  f o l l w s  l o g i c a l l y  
t h a t  t h e  o t h e r  b r e e d e r  program.. would b e  phased o u t  once t h e  d e c i s i o n  
had been made t o  proceed w i t h  only t h e  LYFER. This  WPS n o t  i n t ended  t o  
b e  construed as a polScy d e c i s i o n  nor t o  r e f l e c t  what d e c i s i o n s  a c t u a l l y  
w i l l  b e  w d c  i n  t h e  o.id-1983s as t o  whether one o r  more b r e e d e r  r e a c t o r  
concepts w i l l  con t inue  t o  b e  pursued. 
assumption of t h a t  p a r t i c u l a r  c o s t - b e n e f i t  c a s e  and no th ing  f u r t h e r  
should b e  construed.  

It  shou ld  b e  viewed as an 

With r ega rd  t o  t h e  e x t e n t  of t h e  f u t u r e  r o l e  of hel ium cooled f i s s i o n  
energy systems,  t h e  c o s t - b e n e f i t  ana lyses  p re sen ted  i n  t h e  PFES 
indicate t h a t  hel ium cooled fission energy systems (HTC?s) can p l a y  
a s i g n i f i c a n t  r o l e  i n  t h e  f u t u r e  n a t i o n a l  energy supply p i c t u r e  shou ld  
t h e  IXFGR no t  b e  c o n m r c i a l l y  a v a i l a b l e  or  i f  i t  i s  g r e a t l y  delayed 
beyond about  1990. It a l s o  n o t e s  t h a t  t h e r e  i s  a p o s s i h l e  r o l e  f o r  
IITGRs i n  a b r e e d e r  economy h y  having t h e  b r e e d e r s  p rov ide  U-233 f o r  
u se  i n  11TGRs. Regarding C C F b  t h e  PFES n o t e s  t h a t  i t s  economic and 
environmental  c h a r a c t e r i s t i c s  are s imi la r  t o  t h o s e  o f  t h e  advanced 
LNFBRs. There i s  no s u b s t i t u t i o n  of CCFRs f o r  advanced LMFRRs in t h e  
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ana lys i s  as there  would be no chanae i n  breeder  benef i t s .  A t  t he  t i m e  
when both LMFARs and GCFRs a r e  commercially ava i l ab le  and economically 
competit ive,  s e l ec t ion  of which breeder  t o  bu i ld  w i l l  be made by 
ind iv idua l  u t i l i t i e s  based upon t h e i r  s p e c i f i c  s i t u a t i o n  i n  a manner 
analogous t o  the se lec t ions  being nade enong Boil ing Water Reactors, 
Pressurized Water Reactors and HTGRs today. 

You are cor rec t  i n  your assessment t h a t  t he  PPES does not  represent  
ERDA policy on LYFBR development or development of a l t e r n a t i v e  energy 
sources,  ERDA policy, .  t o  the  ex ten t  t h a t  i t  appears i n  the F ina l  
Environmental Statement (FES), is r e f l e c t e d  i n  Sect ions I and I V  A of 
the FFS. 

ERDA responses t o  your s p e c i f i c  comments are enclosed herewith as is 
a copy of the Fina l  Environmental Statement for your infornat ion.  
Thank you far your considered c m m n t s  on the  Proposed Fina l  Environ- 
mental Statement, and w e  hope t h i s  €etter and the  responbes t o  your 
s p e c i f i c  comments w i l l  c l a r i f y  the  poin ts  you have raised.  

Sincerely,  

2 E Y J L  J m s L. Liverman 
A s i s t a n t  Administrator f o r  W Environment and Safety 

Enclosures : 
1. ERDA Staf f  Responses t o  

2. Fina l  Environmental Statement, 
Spec i f ic  Comments 

LMFBR Program 

n 
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ERDA S t a f f  Responses t o  Comments by General Atomic Company 

Comment (p. 1): 

1 "GCFR Development Costs  ... i n  t he  cos t -bene f i t  a n a l y s i s  s e c t i o n ,  governmenc c o s t s  f o r  
developing a p a r a l l e l  b reede r  o p t i o n ,  such as GCFR, are e s t ima ted  
at  $5.7 x lo9  ..,Company p r e d i c t i o n s  i n d i c a t e  t h a t  only 10-20% 
of t h e  amount.. . w i l l  be required. .  .'I 

ERDA Response: 

Th i s  comment was made i n  e s s e n t i a l l y  t h e  same terms i n  t h e  General 
Atomic Company response t o  t h e  Dra f t  Environmental Statement.  Response 
was  provided i n  t h e  PFES i n  Volume 111, pages 6A.1-141 and -142. 
Experience s i n c e  p r e p a r a t i o n  of t h e  PFES has  no t  l ed  ERDA t o  b e l i e v e  
t h a t  any change i n  t h a t  response i s  warranted. 

Comment (pp. 1 and 2):  

Nuclear Fuel  Resource U t i l i z a t i o n  
Th i s  comment r e l a t e d  t o  t h e  resource u t i l i z a t i o n  b e n e f i t s  t h a t  can 
acc rue  from t h e  use of high-gain GCFRs t o  supply HTGRs w i t h  U-233 
f u e l .  

ERDA Response: 

T h i s  approach t o  using t h e  GCFR i n  symbiot ic  r e l a t i o n s h i p  wi th  t h e  HTGR 
is acknowledged t o  be worthy of c o n s i d e r a t i o n  and is d i scussed  i n  
Volume 111, page 6A.1-138 of t h e  PFES. Fur the r  a m p l i f i c a t i o n  of t h e  
d e t a i l s  is no t  be l i eved  warranted i n  an environmental  s t a t emen t .  

Comment (pp. 1 and 2) :  

"Nuclear Fuel Resource U t i l i z a t i o n  ... assumptions made about IMFBR i n t r o d u c t i o n  are allowed t o  obscure 
t h e  s i g n i f i c a n t  r o l e  which i s  p o s s i b l e  f o r  gas-cooled r e a c t o r s  i n  
t h e  U.S. energy economy.... Breeder r e a c t o r s  can be used as f u e l  
f a c t o r i e s  t o  breed uranium-233 f o r  use i n  LWRs and HTGRs.  I n  t he  
long  range, t h i s  may be one prime r o l e  t h e  f a s t  b reede r s  can p l ay  ..." 

ERDA Response 

The PFES does not  obscure t h e  s i g n i f i c a n t  r o l e  t h a t  gas-cooled r e a c t o r s  
can p l a y  i n  t h e  U.S. energy economy. The PFES emphasizes t h a t  any f a s t  
b reede r  with a simple f u e l  doubl ing t i m e  of 15 y e a r s  o r  less can i n  about 
25 y e a r s  a f t e r  i ts a v a i l a b i l i t y ,  i f  b u i l t  i n  l a r g e  numbers, make t h e  U.S. 
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nuclear power economy independent of mined uranium. 
that there  are l a rge  economic bene f i t s  f o r  e a r l y  in t roduct ion  of the  
breeder.  The P E S  a l s o  provides i n  Sect ion 11.1.2.1.4,  Al te rna t ive  
F iss ion  Breeder Systems, the following information on design character-  
i s t ics  and a v a i l a b i l i t y  of t he  GCFR i n  comparison t o  the  LMFBR. 

It a l s o  indicated 

"The gas-cooled f a s t  breeder  r eac to r  (GCFR) as an a l t e r n a t i v e  fast  
breeder  opt ion w i l l  have u t i l i z a t i o n  incent ives  similar t o  those 
of the  LMFBR. The economic, resource,  and environmental cos t s  of 
t he  GCFR a r e  expected t o  be comparable with those of t he  LMFBR. 
However, t h e  GCFR is i n  t h e  e a r l y  s t ages  of development, and it is 
expected t o  reach commercial in t roduct ion  later than the  LMFBR. 

?.'he GCFR w i l l  use the  same mixed uranium-plutonium-oxide f u e l  cycle  
as t he  LMFBR. Therefore,  the GCFR w i l l  produce the  same bene f i t s  
accruing t o  the  very e f f i c i e n t  use of uranium resource as the  LMFBR. 

"The GCFR is expected t o  have a higher  breeding r a t i o  than the  LMFBR, 
bu t  the  LMFBR i s  expected t o  have a higher  s p e c i f i c  power because of 
the  lower heat  removal capab i l i t y  of t h e  GCFRs helium coolant." 

The General Atomic Company is cor rec t  i n  s t a t i n g  t h a t  breeders  could 
provide low cos t  f i s s i l e  mater ia l  (U-233) which could be used  t o  f u e l  
LWRs and HTGRs. Both the  LMFBR and the  GCFR can operate  e i ther  on the 
uranium-plutonium cycle ,  the  thorium-U-233 cyc le ,  o r  cycles  involving 
o the r  combinations of these m t e r i a l s .  The optimum use of t he  f i s s i l e  
material generated i n  breeders  i s  as f u e l  f o r  o the r  breeders.  Further ,  
i t  would be bes t  t o  generate plutonium f o r  t he  breeders  s ince  its 
super ior  neutron breeding c h a r a c t e r i s t i c s  provide t h e  f a s t e s t  rou te  t o  
system fue l  se l f - suf f ic iency .  
a t t a ined  and the re  i s  low cos t  f i s s i l e  mater ia l  excess t o  breeder 
requirements, i t  probably would make l i t t l e  d i f fe rence  i n  t o t a l  power 
c o s t s  whether U-233 o r  plutonium would be generated i n  the  breeders  f o r  
we  i n  LWRs o r  HTGRs. The economic and sa fe ty  f ac to r s  t h a t  would 
ind ica t e  the prefer red  f i s s i le  mater ia l  probably cannot be defined i n  
s u f f i c i e n t  d e t a i l  a t  t h i s  t i m e  t o  make a choice. 

Once system f u e l  se l f - suf f ic iency  is 

Comment (p .  2) :  

"Nuclear Fuel Resource U t i l i z a t i o n  
Recent changes i n  fossil fue l  economics due t o  the  rapid rise i n  
o i l  p r i ces  and recent  increased est imates  of economically recoverable 
U.S. uranium resources should be considered by ERDA i n  evaluat ion of 
commercial breeder reac tor  scheduling .... With higher  U Os cos t s ,  
t he re  would be an increas ingly  l a rge  incer. t ive t o  favor que1 
u t i l i z a t i o n  i n  ove ra l l  energy economics. The conversion r a t i o  can 
be increased and f u e l  cos t s  decreased i n  t h e  HTGR..." 
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ERDA Response: 

Regarding r e c e n t  i nc reased  estimates of economically r ecove rab le  U.S. 
uranium resources ,  t h e  cos t -bene f i t  a n a l y s i s  p re sen ted  i n  t h e  PFES 
assumed t h a t  4 m i l l i o n  tons  of uranium o r e  were a v a i l a b l e  be fo re  u t i l i z -  
i n g  t h e  l o w  grade s h a l e  o r e s .  
r e c e n t  estimate of 3.6 m i l l i o n  t o n s  of h ighe r  grade o r e s  p r o j e c t e d  by 
ERDA. 

T h i s  is conse rva t ive  v i t h  r ega rd  t o  t h e  

The new estimate of uranium resources  is no t  comparable t o  t h e  ear l ier  
e s t i m a t e s .  The increase i n  U.S. es t ima ted  r e sources  from 2.4 t o  3.6 
m i l l i o n  tons  u308 a t  t h e  $30 l e v e l  r e s u l t e d  l a r g e l y  from r e v i s i o n  of 
d e f i n i t i o n s  t o  a l low i n c l u s i o n  of p o t e n t i a l  r e sources  e s t ima ted  f o r  
g e o l o g i c a l  areas which d id  not  meet t h e  p rev ious  c r i te r ia  such as 
s p e c u l a t i v e  r e sources  i n  new formations o r  i n  new geologic  p rov inces .  
(See S e c t i o n  111 E of t h e  F i n a l  Environmental Statement f o r  a d d i t i o n a l  
i n fo rma t ion  on uranium resource  a v a i l a b i l i t y ) .  

Recent changes in f o s s i l  f u e l  p r i c e s  would probably have l i t t l e  impact 
on t h e  r e s u l t s  of t h e  cos t -bene f i t  a n a l y s i s .  The nuc lea r  power build-up 
w a s  n o t  cons t r a ined  due t o  p r i c e  competi t ion from f o s s i l  p l a n t s  i n  t h e  
PFES, b u t  w a s  cons t r a ined  due t o  o t h e r  c o n s i d e r a t i o n s .  I n  f a c t ,  when 
n u c l e a r  w a s  allowed t o  compete economically w i t h  f o s s i l ,  n u c l e a r  power 
cap tu red  a l a r g e r  f r a c t i o n  of t h e  market than t h e  f ixed  f r a c t i o n  assigned 
t o  i t  f o r  t h e  a n a l y s i s .  

HTGRs w i t h  improved conversion r a t i o  due i n  p a r t  t o  semi-annual r e f u e l i n g  
were u t i l i z e d  i n  t h e  PFES a n a l y s i s .  They had a l a r g e  impact on uranium 
requirements  f o r  t h e  no-breeder s i t u a t i o n .  However, t h e i r  impact on t h e  
cases where t h e  b reede r  was a v a i l a b l e  was small. The model of t h e  U.S. 
power economy i n  i t s  op t imiza t ion  of c o s t s  se lects  nuclear power p l a n t s  
t h a t  minimize mined f u e l  requirements .  

Comment (p. 2): 

"HTGR Cost-Benefit Cons ide ra t ions  
The b e n e f i t  a n a l y s i s  i n  S e c t i o n  11.2.4.2, F i g u r e s  11.2-27 and 11.2-28, 
show t h a t  t h e  HTGR ach ieves  only a modest f r a c t i o n  of t h e  t o t a l  
n u c l e a r  power economy, even when i t  has  an u n r e s t r a i n e d  a l lowab le  
growth. This  p i c t u r e  r e s u l t s  from t h e  assumption t h a t  t h e  HTGR does 
n o t  burn plutonium." 

ERDA Response: 

F igu res  11.2-27 and 11.2-28 i n  t h e  PFES i n d i c a t e  t h e  composition of t h e  
nuc lea r  power economy wi th  t h e  LMFBR a v a i l a b l e .  Due t o  t h e  a v a i l a b i l i t y  
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of t h e  LMFBR by t h e  yea r  1987 t h e r e  is l i t t l e  requirement f o r  new HTGRs 
after t h e  mid-1990's. 
to  u t i l i z e  t h e  bred plutonium which exceeds b reede r  requirements.  

About t h e  y e a r  2010 plutonium burne r s  are b u i l t  

The General Atomic Company is i n c o r r e c t  i n  assuming t h a t  a Pu-fueled 
HTGR was no t  a v a i l a b l e  t o  t h e  model. The model has  a v a i l a b l e  Pu fueled 
LWRs and HTGRs t o  u t i l i z e  Pu bu rne r s  as an op t ion  du r ing  t h e  pe r iod  of 
system f u l l  s e l f  s u f f i c i e n c y .  The model s e l e c t e d  LWR Pu burne r s  because 
in fo rma t ion  on hand i c d i c a t e s  t h a t  they have lower f u e l  c y c l e  c o s t s  t han  
HTGRs as noted on page 11.2-136 of t h e  PFES. 
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RESEARCH PARK 

HUNTSVILLE, ALABAMA 35807 

(205) 536-4455 T W X  (810) 726-2103 

April 9, 1975 

Mr. W. H. Pennington 
Assessment and Coordination Officer 
Division of Biomedical and Environmental Research 
U. S. Energy Research and Development Administration 
Washington, D. C. 20545 

Dear Mr. Pennington: 

We have reviewed the proposed Final Environmental Statement 
for the Liquid Metal Fast Breeder Program, WASH-1535, with the view 
of assessing the reliability requirements for a low risk commercial 
breeder plant. In this regard, we have focused our attention on the 
reliability requirements for plant protection systems and the safety 
requirements for limitation of public risk. 

We have found the document to be an admirable, extensive 
Although we note with interest the comments of prior compilation. 

reviewers and the response of ERDA concerning the technical problems 
associated with the plant protection system, we find it necessary to 
readdress certain reliability and safety issues. 

The attachment relates our major concerns for development 
of a low risk commercial breeder. 

F. 0. Leopard 
Nuclear Effects Branch 

Attachment: a/s 

f i  H. M. Barnard 
Vice President 
Military Systems Division 
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TELEDYNE BROWN ENGINEERING REVIEW COMMENTS 

Environmental Impacts and Public Risks (Section 4.2 through 4.6) 

The environmental effects of plant construction, low level plant 

effluents, fuel fabrication, reprocessing and transportations accidents 
are discussed in sufficient detail to identify potential impacts on the 
environment and to assess the resulting public risks. By contrast, the 

discussion of LMFBR plant accidents in Section 4.2.7 is not sufficient 
to establish the magnitude or number of potential impacts nor t o  support 
the assumption that the plant design will incorporate the reliability 
requirements for achievement of low public risk. The proposed demon- 

stration plant is intended to demonstrate the low-power performance 

of the reactor and the heat transport systems using materials, components 
and protection systems that are being developed and tested concurrently 

with the application for a construction permit. 
istics of the reactor system are not yet finalized and the reliability 
characteristics are not yet determined. The demonstration plant by its 

nature involves an iterative development of reliability characteristics 
throughout the design and construction process. 
that the safeguards and protection requirements for the demonstration 
plant must rely on regulatory policies and management procedures developed, 
executed and verified by competent technical personnel. The risk associated 

with this stage of development will depend to a larger extent upon personnel 
performance and strict adherence to safe construction and operation pro- 
cedures, Since a specific consideration of special requirements in this 
area is not presented in the proposed final environmental impact state- 
ment, we desire that the subject be adequately addressed in the application 
for’ a construction permit and the preliminary safety analysis report for 
the demonstration plant. 

The operational character- 

Therefore, it is evident 

Accident Classification and Design Basis Considerations (Section 4.2 and 
Appendices B.4.2.2 through B.4.2.4 

The designation of fault types included in the three fault 
frequency categories, (1) anticipated faults, (2) unlikely faults, and 
(3) extremely unlikely faults, reflects a very optimistic prognosis of 

1 
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reliability achievement and safety performance. 
expect that plant conditions will be discovered as the design progresses 
which will lead to the reclassification of some of these fault types and 
the incorporation of other faults not yet identified. The exclusion of 

core disruptive accidents from consideration in the design basis for the 

demonstration plant is not justified. 
accidents can be excluded from consideration in the demonstration phase 
places an unreasonable burden on the prediction methodology employed to 

assess its omission. 
behavior and power burst shutdown characteristics of liquid metal fast 
reactors is wholly inadequate to establish the existence of positive 
shutdown mechanisms that will ultimately limit repeated burst outputs. 
There is a need to generate additional experimental data regarding liquid 
metal fast reactor transient behavior in the vein of the SPERT and BORAX 

experiments for light water reactors. 
development for the demonstration reactor system and the popular require- 
ments for excellent safety performance at this stage of LMFBR development 
argue for incorporation of special protection features in the design 
basis concept. 
retention of molten core components in the vicinity of the pressure 

vessel and that additional engineered safeguards should be provided to 

assure the termination of repetitious power burst outputs. 

It seems reasonable to 

The assumption that core disruptive 

The present experimental data base regarding transient 

The present status of component 

We contend that design provisions should be made for local 

Reliability Goals and Prediction Methodology 

The development of adequate reliability levels in the demonstration 
systems selected for use in the commercial breeder plant requires a 
continual appraisal of reliability performance and a confident prediction 
methodology. 
the failures which are significant for public risk assessment and must 
be timely enough to provide guidance for design modifications needed to 
improve the reliability of the protection system. 
developmental nature of the demonstration reactor, a confident assess- 
ment of public risk cannot be made for the commercial plant until a 
significant performance level has been attained in the demonstration 

The prediction methodology must be adequate to identify 

Because of the 

2 
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model. Nevertheless ,  t h e  des igner  must develop a comprehensive r e l i a b i l i t y  

p r e d i c t i o n  model r e l a t i n g  component and subsystem f a i l u r e s  t o  t h e  o v e r a l l  

r e l i a b i l i t y  of t h e  p l a n t .  

r e l i a b i l i t y  goa ls  and a l l o c a t i n g  r e l i a b i l i t y  budgets t o  t h e  p l a n t  pro- 

t e c t i o n  and s a f e t y  system should inc lude  a conservat ive allowance f o r  

common mode f a i l u r e s  and p o t e n t i a l  t h r e a t s  from a n t i c i p a t e d  t r a n s i e n t s  

without  scrams. 

We recommend t h a t  t h e  method of s e t t i n g  

By way of example, t h e  r e l i a b i l i t y  goa l  designated i n  Appendix 

B.5.3 of Sec t ion  4.2 f o r  t h e  r e a c t o r  shutdown system says: 

"Based on guidance from t h e  Regulatory assessment of 
Anticipated Trans ien ts  Without Scram i n  water r e a c t o r s ,  
t h e  need t o  assume scram f a i l u r e  i n  acc ident  analyses is 
negated i f  t h e  f a i l u r e  rate i s  less than about per  
r e a c t o r  year .  I '  

Our f i r s t  comment on t h i s  manner of goal  s e t t i n g  is t h a t  regula tory  

p o l i c i e s  and design philosophy adopted f o r  LWR systems are n o t  proper 

g u i d e l i n e s  f o r  LMFBR systems. 

t h e  LMFBR system might b e ,  t h e  goa ls  should be based on t h e  i n t r i n s i c  

s a f e t y  and r i s k  c h a r a c t e r i s t i c s  of LMFBR's. 

designated goa l  of 

p r o b a b i l i t y  of a c c i d e n t s  per  year nor a p r o b a b i l i t y  of shutdown 

f a i l u r e s  per  year  are acceptab le  per  se f o r  t h e  commercial p l a n t .  

designated f a i l u r e  rate says  nothing with regard t o  t h e  spectrum of 

consequences flowing from p o t e n t i a l  acc idents  a t  t h i s  rate. 

assoc ia ted  with a lo-', lo", etc.  shutdown f a i l u r e  rate should be 

s t a t e d .  

f o r  acceptab le  f a i l u r e  p r o b a b i l i t i e s  without  r i s k  q u a n t i f i c a t i o n  could 

become c o n s t r a i n f u l  t o  t h e  NRC i n  f u t u r e  assessments of r i s k s  and 

b e n e f i t s .  

common mode f a i l u r e s ,  where common mode f a i l u r e s  inc lude  unexpected 

common events .  

of how common mode f a i l u r e s  i n  t h e  shutdown system w i l l  be considered. 

The AEC states "Current LMFBR design approaches t a k e  f u l l  cognizance of 

t h i s  Regulatory p o s i t i o n ,  and accounts f o r  t h e  unknown l ike l ihood of 

Whatever t h e  r e l i a b i l i t y  requirements of 

Our second comment on t h e  

f a i l u r e s  per  r e a c t o r  year  is t h a t  n e i t h e r  a 

The 

The r i s k  

The philosophy i m p l i c i t  i n  t h e  adopt ion of numerical  values 

Our t h i r d  comment r e f e r s  t o  t h e  t reatment  i n  WASH-1353 of 

The d iscuss ion  on page VI.38-416 s t i l l  begs t h e  i s s u e  

3 
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common mode failures by use of diverse and independent redundant shutdown 
systems." 
systems reduces common mode failures to a negligible value. 
is likely that in two diverse and independent shutdown systems, each with 

Independent failures rates of 
will dominate the total shutdown system reliability. 
ment showing the analytical treatment of common mode failures. For 
example, an equation should be given of the following form and the 
"desired" quanitative values for each variable should be stated. 

This implies to us that two diverse and independent shutdown 

However, it 

reactor years, common mode failures 
We suggest a state- 

where 

PSDS - True Probability of Shutdown System Failure 
PSDS' = Predicted Probability of Shutdown System Failure 

= Probability Associated with Analytical Uncertainties 'AU 

= Probability of Primary Shutdown System Failure 'SDl 

PSD2 - Probability of Secondary Shutdown System Failure 
= Probability of Common Mode Failure 'CM 

and 
Pm = (Largest Probability of Failure in Common Set) CMF = (PsDx)cMF 

where 

CMF = Common Mode Failure Factor. 

4 
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Typically, if Psgl E PSD2 - lo-', CMF = 0, and PAu = lo-'; then, 

'SDS 'SDl*'SD2 4- 'CM 'AU 

- 5  fi + 10-8 = 10-~*10-~ + (io ) - 

- 10-l~ + io-' 2 io-8 

'SDS 

'SDS 

.PSDS,= lo-' 

5 
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UNITED STkTES 

ENERGY RESEARCH A K D  DEVELOPMENT ADMINISTRATION 
WASHINGTON. Q.C. 2OCA5 

Hr. 8.  M. Barnard 
Vice P r e s i d e n t  
M i l i t a r y  Systems Div i s ion  
Teledyne Brow3 Engineer ing 
h s e a r c h  Park 
Huntsville, Alabama 35807 

Dear Mr. Earnard: 

Thank you f o r  your l e t te r  of A p r i l  9 ,  1975 commenting on t h e  Proposed 
F i n a l  Environmental Statement  (PFES) f o r  t h e  Liquid ?!eta1 F a s t  Breeder 
Reactor  (LXFBR) Program. The Energy Research and Development 
A d n i n i s t r a t i o n  (ERDA) h a s  reviewed a l l  w r i t t e n  c o m e n t s  r e c e i v e d  on 
the PFES as w e l l  as t h e  t e s t i c o n y  r ece ived  d u r i n g  t h e  Pub l i c  Hearing 
h e l d  on May 27-28, 1975, and has taken t h e s e  views i n t o  account  i n  
t h e  p r e p a r a t i o n  of t h e  F i n a l  Environmental S t a t e o e n t  on t h e  L W B R  
Prograin. 

We hope you w i l l  f i n d  s a t i s f a c t o r y  answers t o  most of your  concerns 
i n  t h e  e n c l o s u r e  to this l e t t e r .  Thank you f o r  your c o n s t r u c t i v e  
com,m,e~?t~ 2nd f o r  gcur i n t e r e s t  i n  t h e  Energy Research and Developnent 
A d n i n i s t r a t i o n ' s  prograns.  
is enclosed f o r  your information.  

A copy of t h e  F i n a l  Environmental Statement  

S i n c e r e l y ,  

for 

Enclosures:  
1. ERDA S t a f f  Responses 

2. Final E n v i r o m e n t a l  S t a t a e a t ,  

k. F. 0. Leopard v / e n c l .  

t o  S p e c i f i c  Comments 

LMTBR Program 

cc: 



V ,724 

ERDA Staff Responses to Comments by Teledyne Brown Engineering 

Comment (page 1): 

I' ... The operational characteristics of the reactor system are not yet 
finalized and the reliability characteristics are not yet determined. 
The demonstration plant by its nature involves an iterative development 
of reliability characteristics throughout the design and construction 
process. Therefore, it is evident that the safeguards and protection 
requirements for the demonstration plant must rely on regulatory 
policies and management procedures developed, executed and verified by 
competent technical personnel. The risk associated with this stage of 
development will depend to a larger extent upon personnel performance 
and strict adherence to safe construction and operation procedures. 
Since a specific consideration of special requirements in this area is 
not presented in the proposed final environmental impact statement, we 
desire that the subject be adequately addressed in the application for 
a construction permit and the preliminary safety analysis report for 
the demonstration plant ." 

ERDA Response: 

It is t m e  that reliability characteristics of the W B R  demonstration 
plant (CRBR) have not been established to a degree comparable to that 
associated with light water reactors, though for many areas the tech- 
nology is transferable between the two types of systems. 
dependence on personnel performance and strict adherence to safe 
construction and operating procedures is emphasized in the case of 
demonstration plants. Such was the case also with early light water 
reactors. Efforts are, of course, being made to minimize this dependence 
by extensive testing of individual components and systems, by the use of 
redundancy, and by specific design features (for example, by placing 
primary coolant system components in inerted vaults). Quality assurance 
and management policy programs are now being developed specifically for 
the demonstration plant. 
adequately addressed in the preliminary safety analysis report for the 
CRBR . 

A s  noted, the 

It is expected many of these points will be 

Comment (pages 1 and 2 ) :  

"The designation of fault types included in the three fault frequency 
categories, (1) anticipated faults, (2) unlikely faults, and (3)  
extremely unlikely faults, reflects a very optimistic prognosis of 
reliability achievement and safety performance. It seems reasonable 
to expect that plant conditions will be discovered as the design pro- 
gresses which will lead to the reclassification of some of these fault 
types and the incorporation of other faults not yet identified. 
exclusion of core disruptive accidents from consideration in the design 
basis  for the demonstration plant is not justified. 
core disruptive accidents can be excluded from consideration in the 
demonstration phase places an unreasonable burden on the prediction 

The 

The assumption that 

~thodologY employed to assess Its omission. The present experimental 
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d a t a  base regarding t r a n s i e n t  behavior and power b u r s t  shutdown 
c h a r a c t e r i s t i c s  of l i q u i d  metal f a s t  r e a c t o r s  is wholly inadequate  
t o  e s t a b l i s h  t h e  e x i s t e n c e  of p o s i t i v e  shutdown mechanism t h a t  
w i l l  u l t i m a t e l y  l i m i t  repeated b u r s t  ou tpu t s .  There is a need t o  
gene ra t e  a d d i t i o n a l  experimental  d a t a  r ega rd ing  l i q u i d  metal f a s t  
r e a c t o r  t r a n s i e n t  behavior  in t h e  v e i n  of t h e  SPERT and BORAX 
experiments  f o r  light water r e a c t o r s .  
development f o r  t h e  demonstrat ion r e a c t o r  system and t h e  popular  
requirements  f o r  e x c e l l e n t  s a f e t y  performance a t  t h i s  s t a g e  of LMFBR 
development argue f o r  i n c o r p o r a t i o n  of s p e c i a l  p r o t e c t i o n  f e a t u r e s  
in t h e  design b a s i s  concept.  We contend t h a t  desfgn p r o v i s i o n s  should 
b e  made f o r  l o c a l  r e t e n t i o n  of molten core components i n  t h e  v i c i n i t y  
of t h e  p r e s s u r e  vessel and t h a t  a d d i t i o n a l  engineered sa fegua rds  
should be provided t o  a s s u r e  t h e  t e rmina t ion  of r e p e t i t i o u s  power 
b u r s t  o u t p u t s  . 'I  

The p r e s e n t  s t a t u s  of component 

ERDA Response : 

Designat ion of f a u l t  t y p e s  included i n  t h e  t h r e e  frequency c a t e g o r i e s  
is based p r i m a r i l y  on expe r i ence  w i t h  equipment and components of 
r e a c t o r s  which have been b u i l t  and ope ra t ed ,  both water-cooled and 
sodium-cooled. 
we b e l i e v e  t h e  l ists  contained in t h e  PFES t o  be r e p r e s e n t a t i v e  and 
reasonably comprehensive. 
a c c i d e n t s  is contained in t h e  PFES. As i n d i c a t e d  t h e r e ,  s u b s t a n t i a l  
capabi l i ty  to  accommodate core d i s r u p t i v e  a c c i d e n t s  is provided by 
c u r r e n t l y  conceived LMFBR des igns .  
t h e  not-very-dis tant  f u t u r e ,  provide a b a s i s  for t h e  conclusion t h a t  
c o r e  d i s r u p t i v e  a c c i d e n t s  r e s u l t i n g  i n  t h e  gene ra t ion  of s i g n i f i c a n t  
amounts of mechanical energy are p h y s i c a l l y  u n r e a l i z a b l e .  
t h e  s a f e t y  and l i c e n s a b i l i t y  of LMFBRs do not have to await the R6D 
r e s u l t  s i n c e  i t  is p o s s i b l e  t o  con ta in  s i g n i f i c a n t  amounts of energy 
from a d i s r u p t i v e  a c c i d e n t  (e.g., t h e  PFTF design) .  Once t h e  a n t i c i p a t e d  
R&D confirmation is ob ta ined ,  des ign  f e a t u r e s  of subsequent p l a n t s  may 
change s i g n i f i c a n t l y  (most probably w i t h  a t t e n d a n t  c o s t  s av ings ) .  The 
q u e s t i o n s  of r epea ted  c r i t i c a l i t y  and post-accident  h e a t  removal are 
a l s o  being addressed in t h e  LMFBR s a f e t y  R&D program. 
t h a t  an i nc reased  understanding of t h e s e  phenomena w i l l ,  in t h e  f u t u r e ,  
show them not  t o  r e q u i r e  accommodation by s p e c i a l  design f e a t u r e s .  
Neve r the l e s s ,  in t h e  nea r  term, t h e  c a p a b i l i t y  t o  accommodate t h e s e  
phenomena by s u i t a b l e  des ign  f e a t u r e s  ex i s t s  and w i l l  be r e t a i n e d  in 
t h e  demonstrat ion p l a n t  u n l e s s  and u n t i l  shown t o  be unnecessary.  

Although some a d d i t i o n a l  f a u l t  types may be d i scove red ,  

Considerable  d i s c u s s i o n  of co re  d i s r u p t i v e  

We expect  t h a t  R6D e f f o r t s  wi l l ,  in 

Never the l e s s ,  

It is a n t i c i p a t e d  

Comment (page 3): 

"Out f i r s t  c o m e n t  on t h i s  manner of goal  s e t t i n g  is t h a t  r e g u l a t o r y  
p o l i c i e s  and design philosophy adopted f o r  LWR systems are not  p rope r  
g u i d e l i n e s  f o r  LMFBR systems. Whatever t h e  r e l i a b i l i t y  requirements  of 
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t h e  LMFBR system might be,  t he  goals  should be  based on the  i n t r i n s i c  
s a fe ty  and r i s k  c h a r a c t e r i s t i c s  of LMFBRs. Our second comment on the  
designated goal of l P 7  f a i l u r e s  pe r  r eac to r  year  is t h a t  ne i the r  a 
probabi l i ty  of 10-7 accidents  per  year  nor a probabi l i ty  of 10-7 s h u t d m  
failures per  year are acceptable  pe r  s e  f o r  t h e  commercial plant .  
designated f a i l u r e  rate says nothing wi th  regard t o  t h e  spectrum of 
consequences flowing from p o t e n t i a l  accidents  a t  t h i s  rate. 
associated with a 10-7, 10-8, etc., shutdown f a i l u r e  rate should be  
s t a t e d ,  
for acceptable  f a i l u r e  p r o b a b i l i t i e s  without r i s k  quan t i f i ca t ion  could 
become cons t r a in fu l  t o  the  NRC i n  f u t u r e  assessments of risks and 
benef i t s .  'I 

The 

The r i s k  

The philosophy i m p l i c i t  i n  t he  adoption of numerical values  

WDA Response: 

We agree t h a t  Regulatory p o l i c i e s  and design philosophies w i l l  not be  
and should not  be e n t i r e l y  the  same f o r  LMFBRs as f o r  LWRa with regard 
t o  r e l i a b i l i t y  requirements, although many of t h e  same considerat ions 
apply equal ly  t o  both types of s y s t e m .  
of accidents ,  considered by themselves, are n o t  meaningful guides t o  
accep tab i l i t y ,  v i t h o u t  a considerat ion of t h e  consequences of t h e  
accidents  involved. 

We a l s o  agree  t h a t  p robab i l i t i e s  

As noted i n  the  footnote  on the  f i r s t  page of Annex B t o  Sect ion 4.2.7 
of t h e  PFES, from which the  10-7 f i gu re  f o r  scram f a i l u r e  w a s  taken, t he  
CRBR design and s a f e t y  approach are st i l l  under development and are 
expected t o  d i f f e r  i n  s p e c i f i c s  from t h a t  presented i n  Annex B (a paper 
presented on Apr i l  2, 1974). 
and worked out  with NRC i n  t he  process of l i cens ing  review and w i l l  of 
necess i ty  inc lude  considerat ion of consequences. 
development of appl icable  Risk Acceptance Criteria by NRC, w e  a r e  pro- 
ceeding with a conservat ive design. 

We are funding some exploratory and inves t iga tory  work i n  the  development 
o r  r i s k  methodology f o r  U4FBFs. 
methods, properly u t i l i z e d ,  w i l l  a i d  i n  establishment of p r i o r i t i e s  f o r  
s a fe ty  RSD e f f o r t s ,  It w i l l  a l s o  he lp  i d e n t i f y  t h e  r e l a t i v e  contribu- 
t i ons  t o  ove ra l l  p l an t  r i s k  of var ious systems, subsystems, and components 
as w e l l  as the  effect  of design va r i a t ions  of those components. It is 
bel ieved t h a t  t h i s  kind of e f f o r t  can be  use fu l  i n  the  e a r l y  s t ages  of 
t he  development of t he  LIIFBR program. 
da t a  base the  methods can be quant i f ied  and the  uncertainty bands 
reduced. This w i l l  a s s i s t  even more the  dec is ion  making process con- 
cerning sa fe ty  opt ions i n  the  Ll4FBR program. 
pr imari ly  with the  lack  of a s p e c i f i c  methodology t a i lo red  t o  LMFBRs 
and a de ta i l ed  understanding of in-core phenomena and the  lack  of a 
l a rge  da t a  base. Early analyses should be  completed i n  the  next f e w  
years ;  a t en ta t ive  goa l  of t he  development of an acceptable r i s k  

Spec i f i c  r e l i a b i l i t y  goals  w i l l  be  proposed 

Meanwhile, pending t h e  

I f  successfu l ,  i t  is bel ieved t h a t  such 

With the  buildup of a s u f f i c i e n t  

Present  l imi t a t ions  rest 
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assessment methodology by mid 1985 has been e s t a b l i s h e d .  In a d d i t i o n ,  
r i s k  assessments  s p e c i f i c  t o  t h e  CRBR p l a n t  des ign  w i l l  be performed as 
p a r t  o f  t h e  CRBR development program. 

Comment (pages 3 and 4): 

"Our t h i r d  comment r e f e r s  t o  t h e  t r ea tmen t  i n  WASH-1353 of common mode 
f a i l u r e s ,  where comon mode f a i l u r e s  i n c l u d e  unexpected common even t s .  
The d i s c u s s i o n  on page VI.38-416 st i l l  begs t h e  issue of how common 
mode f a i l u r e s  i n  t h e  shutdown system w i l l  be  considered.  
s ta tes  'Current  LMFBR des ign  approaches t a k e  f u l l  cognizance of t h i s  
Regulatory p o s i t i o n ,  and accounts  f o r  t h e  unknown l i k e l i h o o d  of common 
mode f a i l u r e s  by use of d i v e r s e  and independent redundant shutdown 
systems.'  This  i m p l i e s  t o  us  t h a t  two d i v e r s e  and independent shutdown 
systems reduces t h e  common mode f a i l u r e s  t o  a n e g l i g i b l e  va lue .  However, 
it is  l i k e l y  t h a t  i n  two d i v e r s e  and independent shutdown systems, each 
wi th  independent f a i l u r e s  rates of r e a c t o r  y e a r s ,  common mode 
failures w i l l  dominate t h e  t o t a l  shutdown system r e l i a b i l i t y .  We 
sugges t  a s t a t emen t  showing t h e  a n a l y t i c a l  t r ea tmen t  of common mode 
f a i l u r e s  . ' I  

The ERDA 

ERDA Response: 

It is recognized t h a t  t h e  use of d i v e r s e  and independent redundant 
shutdown systems cannot t o t a l l y  eliminate t h e  p o s s i b i l i t y  of common mode 
f a i l u r e s ,  and t h a t  common mode f a i l u r e s  r e p r e s e n t  a problem r e q u i r i n g  
a t t e n t i o n ,  p a r t i c u l a r l y  i n  i n s t a n c e s  i n  which common mode f a i l u r e s  could 
s i g n i f i c a n t l y  change t o t a l  system r e l i a b i l i t y .  
s t u d i e s  r e f e r r e d  t o  i n  t h e  p rev ious  response w i l l  i n c l u d e  c o n s i d e r a t i o n  
of means o f  c l a r i f y i n g  t h e  methods t o  be used t o  q u a n t i f y  and e v a l u a t e  
the e f f ec t s  of common mode f a i lu re s .  Add i t iona l ly ,  s p e c i a l  procedures  
are being developed i n  t h e  CRBR P r o j e c t  f o r  i d e n t i f y i n g ,  q u a n t i f y i n g  i f  
p o s s i b l e ,  and t r e a t i n g  common mode f a i l u r e s .  

The r i s k  methodology 
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INTRODUCTION AND SUMMARY 

The severe potential environmental and safety hazards posed 

by the radioactive wastes generated in nuclear power plants are 

widely recognized. 

wastes requires that they be kept out of possible human exposure 

pathways for the hundreds to hundreds of thousands of years required 

for various radionuclides to decay naturally to innocuous levels. 

The proposed final environmental statement (PFES) on the liquid 

metal fast breeder reactor (LMFBR) Program presents no detailed 

plan of action for achieving this necessary goal to develop a safe, 

permanent disposal means. For this reason alone, the AEC's proposed 

final statement should be substantially revised and reissued by ERDA 

as a new draft environmental impact statement. 

The toxicity of the high-level and transuranic 

Additional reasons pertaining to radioactive waste management 

that the proposed final statement should be rewritten and circulated 

as a draft statement for agency and public comment are (1) the 
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virtual lack of any consideration of the special implications of 

the LMFBR Program to the overall plan for the safe disposal of 

radioactive wastes, ( 2 )  the failure of the statement's Summary 

(Volume I) to discuss fairly and fully the environmental and health 

problems posed by radioactive wastes, and ( 3 )  the inadequate response 

of the AEC to public and agency criticisms of the draft statement's 

treatment of the storage and disposal of radioactive wastes. 

In our opinion, these deficiencies cannot be satisfactorily 

corrected simply by the issuance of a final statement, or an 

appendix to the proposed final, without the provision of another 

round of comment and review of the LMFBR Program by ERDA. There- 

fore, we believe that ERDA should undertake to prepare and circulate 

its own draft environmental impact statement on the LMFBR Program 

which carefully analyzes the proposed detailed plan, and all 

reasonable alternatives to it, for the safe storage and disposal 

of radioactive wastes generated by large numbers of LMFBR's. 

I. The Proposed Final Environmental Statement Does Not 

Adequately Consider The Ultimate Disposal Of High- 

Level and Transuranic Radioactive Wastes 

The PFES states that " . . . the AEC has, from its beginning, 
recognized the full implications of high-level wastes to present 

and future generations and has conducted a continuous development 

effort in the matter of ultimate disposal methods that will not 

burden mankind with caretaker functions." (p. 4.6-7)- '' In other 
- 1/ 
the PFES. 

Unless otherwise indicated, page numbers refer to pages in 
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words, the AEC claims that for the past 30 years a determined 

attempt has been made to establish a safe ultimate disposal means 

for high-level wastes. Yet, admittedly, no such ultimate disposal 

means exists. (p. 4.6-2)  Furthermore, such means evidently will 

not even exist within the next few years because the AEC proposed 

to construct a near-surface engineered structure, the so-called 

Retrievable Surface Storage Facility (RSSF), to store the high-level 

wastes for as long as a century while potential ultimate disposal 

means are investigated further. (p. 4 . 6 - 6 )  The hope of the AEC, 

as expressed in the PFES, however, is to have a geological disposal 

facility available within two or three decades. (p.  4 .6 -6 )  

However, while this may have been the AEC's goal, there is 

virtually no detailed evidence presented in either the PFES or the 

cited references (last footnote, p. 4.6-7)  that the goal can or 

will, in fact, be achieved. Indeed, the failure to develop an 

ultimate disposal means during the past 30 years strongly suggests 

that the PFES is overly optimistic in this regard. What is needed 

for an adequate discussion on radioactive waste disposal in the 

environmental statement is a detailed plan, including specification 

of the amounts of money to be spent on particular means and sites 

within clearly defined time frames, for achieving safe, ultimate 

disposal of the high-level and transuranic wastes that would be 

produced by a commercial LME'BR industry. The procedures that will 

be followed in the next few years should be clearly explained in 

order to distinguish meaningfully between the past 30 years of 

experience, which did not result in the establishment of an ultimate 

disposal means, and the AEC's proposed course of action. The PFES 
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f a i l s  e n t i r e l y  t o  do t h i s .  

Furthermore, t h e  t h r e e  re ferences  (numbers 9 ,  1 0  and 1 2 ,  

p. 7.4-94) c i t e d  as provid ing  t h i s  type of information simply do 

not do so. Reference 9 (WASH-1297) is only the summary f o r  

r e fe rence  1 0  (BNWL-1900). The Battelle s tudy  (BNWL-1900) , while  

a u s e f u l  compendium of most of t h e  suggested u l t ima te  d i s p o s a l  

means, i s  n o t  i t s e l f  t h e  plan a c t i o n  f o r  achieving t h e  s a f e  d i s p o s a l  

of h igh- leve l  wastes. The t h i r d  r e fe rence  is  t h e  d r a f t  environmental 

s ta tement ,  Management of Commercial High-Level and Transuranium- 

Contaminated Radioact ive Waste (WASH-1539), which has been widely 

c r i t i c i z e d  because it does n o t  set f o r t h  a d e t a i l e d  program p lan  

for  developing an u l t i m a t e  d i s p o s a l  means. For in s t ance ,  t h e  U . S .  

Environmental P r o t e c t i o n  Agency, which r a t e d  t h e  d r a f t  s ta tement  

"Inadequate" ( t h e  lowest c a t e g o r y ) ,  commented on t h e  d r a f t  statement 

a s  fol lows:  

" I n  p a r t i c u l a r ,  t h e  AEC's program f o r  t h e  
development of f i n a l  d i s p o s a l  methods is 
n o t  presented  i n  the d e t a i l  necessary for  
an independent dec i s ion  on t h i s  important  
a l t e r n a t i v e  course  of a c t i o n .  The c u r r e n t  
l e v e l  of funding f o r  t h e  geologica l  d i s p o s a l  
eva lua t ion  program f o r  f i s c a l  yea r  1975, 
according t o  t h e  AEC, is  2.5 m i l l i o n  d o l l a r s .  
I t  i s  n o t  apparent  from t h e  d r a f t  s ta tement  
t h a t  t h i s  funding l e v e l  i s  c o n s i s t e n t  with 
t h e  importance o r  p r i o r i t y  of achiev ing  an 
environmental ly  acceptab le  long-term manage- 
ment method, e s p e c i a l l y  when compared t o  
t h e  large commitment i nhe ren t  i n  t h e  t o t a l  
waste management program. W e  be l i eve  t h a t  
t h e  AEC should p re sen t ,  i n  t h e  f i n a l  state- 
ment, a more complete d e s c r i p t i o n  of t h e i r  
program p lan  f o r  t h e  development of geologi- 
cal  d i s p o s a l  techniques,  inc luding  funding 
l e v e l s  r equ i r ed  through t h e  per iod  i n  which 
assessment of t h e  concept i s  c a r r i e d  out .  
I n  t h i s  d e s c r i p t i o n ,  t h e  AEC should p re sen t  
d e t a i l e d  work schedules  and t h e i r  e x i s t i n a  
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plans for the development of a geologic dis- 
posal site (including target completion dates 
for the completion of exploration, construc- 
tion, and beginning operations) so that re- 
views and comments may be obtained from 
other qualified or interested government and 
private sources. Since one of the stated pur- 
poses of the draft environmental statement 
is to assess the environmental consequences 
of evaluating geological formations and sites 
for the purpose of developing a repository 
for permanent disposal, the program plan for 
such development, as mentioned above, would 
appear to be a necessary part of that assess- 
ment. "Z/ 

Similar criticisms of WASH-1539 were made by other govern- 

mental agencies and public interest groups. NRDC's comments, which 

are appended to and by this reference incorporated in these comments 

on the PFES, detail the major deficiencies of WASH-1539.2' The 

issues raised by our comments on WASH-1539 should be thoroughly 

addressed in a new draft environmental statement on the LMFBR 

Program. The importance of incorporating a detailed discussion of 

ultimate disposal in a new draft statement on the LMFBR Program is 

substantially increased, if, as has been suggested, WASH-1539 is 

scrapped by ERDA. 

11. The Proposed Final Environmental Statement Does Not 

Adequately Consider The Special Problems Posed By 

The Radioactive Wastes Generated By The LMFBR Program 

There are two principle ways in which the proposed LMF'BR 

n 

2/ U . S .  EPA, November 1974, Environmental Impact Statement Comments 
D-AEC-A00107-00, Management of Commercial High-Level and Transuranium- 
Contaminated Radioactive Waste (WASH-15391, p. 6. 

3/ The appendices to NRDC's comments on WASH-1539 are not attached, 
Eecause those discussions were submitted previously in connection 
with NRDC's comments on the draft version of WASH-1535. 

- 
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Program could s i g n i f i c a n t l y  a f f e c t  t h e  management of commercial 

r a d i o a c t i v e  wastes. F i r s t ,  implementation of t h e  Program w i l l  

r e q u i r e  the reprocess ing  of spen t  f u e l s ,  which w i l l  e l imina te  t h e  

poss ib l e  a l t e r n a t i v e  of d ispos ing  of spent  f u e l  rods i n  a geo log ica l  

formation wi thout  such reprocessing.  T h i s  waste management procedure 

could be adopted for  spent  f u e l  from l i g h t  water reactors.!' Commit- 

ment t o  plutonium economy inhe ren t  i n  the W B R  Program, on the  

other hand, would e l imina te  d ispos ing  of s p e n t  f u e l  as a permanent 

opt ion.  The PFES should have, b u t  d i d  not ,  address t h i s  i s s u e .  

Seaond, t h e  impact of khe r a d i o l o g i c a l  and chemical proper- 

t ies  of h igh- leve l  wastes from LMFBR's as  compared t o  l i g h t  w a t e r  

and high temperature  gas reactors and other types  of breeder 

reactors, on t h e  criteria fo r  a safe u l t ima te  disposal means, should 

have been, b u t  were not ,  thoroughly assessed. For in s t ance ,  t h e  

r e l a t i v e  amount of americium i n  LMFBR spen t  f u e l  i s  roughly 1 0  times 

t h a t  i n  l i g h t  water reactor spen t  f u e l .  (BNWL-1900, p. 2 .10 )  

Because americium is t h e  p r i n c i p a l  c o n t r o l l i n g  p o t e n t i a l  hazard i n  

d r ink ing  water between 350 and 2X 10  yea r s  (BNWL-1900, p. 2.131, 

it may be t h a t  h igh- leve l  r a d i o a c t i v e  wastes from LMFBR's should 

be disposed of i n  a more secure  geo log ica l  formation than wastes 

from LWR's. I n  any event ,  a new d r a f t  environmental  s ta tement  on 

t h e  LMFBR Program should thoroughly cons ider  t h i s  and related 

i s s u e s .  

4 

- 4/ See, for  i n s t a n c e ,  "Is Reprocessing Cos t - Jus t i f i ed?"  by D r .  
Marvin Resnikoff ,  Rachel Carson College,  Amherst, New York, and 
"The Back End of t h e  Fuel  Cycle" by B e r t r a m  Wolfe and Ray W .  
Lambert, General E lec t r ic  Company, San Jose, Ca l i fo rn ia .  
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111. The Discussion Of Radioactive Waste Management In 

The Summary (Volume I) Does Not Accurately Reflect 

The Material In The Body Of The Proposed Final 

Environmental Statement And Does Not Adequately 

Present The Potential Hazards Posed By Radioactive 

Wastes 

The Summary in Volume I will undoubtedly be the most widely 

read section of the PFES. Perhaps more importantly, busy decision- 

makers may substantially rely upon the discussion in the Summary 

to assess the LMFBR Program. 

fully reflect the material in the body of the PFES and should fairly 

present an evaluation of both the benefits and hazards associated 

wit!! the Program. Uncertainties, possible problems and potential 

hazards should not be omitted or glossed over. 

Therefore, the Summary should care- 

However, the approach in the Summary appears to be just the 

opposite of a fair appraisal of the problems and uncertainties with 

the AEC's radioactive waste management program. 

"maximum credible accident" at the RSSF is, in fact, incredibly 

small and gives an unrealistic impression of the degree of potential 

harm resulting from a serious accident.- " (p. 1.4-7) 
tion of the vulnerability of the RSSF to successful attack by a 

small band of well-trained terrorists is grossly misleading and 

does not address the central issue.- 6/ (p. 1.4-12) 

The so-called 

The descrip- 

5/ See, for instance, John Holdren and Lee Schipper, Comments on 
WASH-1539, October 25, 1974, pp. 3-5. 

- 6/ 
September 23, 1974. 

See, for instance, Thomas Cochran, NRDC, Comments on WASH-1539, 
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Although the principal focus of the analysis of the potential 

environmental effects of radioactive waste storage and disposal is 

the RSSF, there is some mention of ultimate disposal of high-level 

wastes. (p. 1.5-2) But the discussion clouds the issue more than 

it sheds any light on it. For instance, while the PFES states 

that "[tlhere are several options for permanent disposal of high- 

level wastes open to contemporary society . . ." (p. 1.5-21, there 
is neither a description of the particular options believed to be 

available nor a reference to the body of the statement where the 

options are analyzed. Furthermore, questions are raised concerning 

ultimate disposal options, but there is no discussion about how 

the AEC plans to make a choice among the options. Reference is 

made to section 7 . 3 . 5  in the Summary (p. 1.6-10), but that section 

contains only short, general descriptions of concepts that have 

been in the literature for years. There is no detailed procedure 

described for choosing among these hypothetical alternatives and 

no clear description of the AEC's research and development program 

to demonstrate the acceptability of an ultimate disposal means. 

Furthermore, the general description seems to be misleading. For 

instance, the discussion of the transmutation concept fails to 

mention that the AEC omitted funds from its FY 1976 budget for 

research on partitioning, a necessary first step in the transmuta- 

tion of the actinides. Without independent knowledge of the AEC's 

submitted budget, the reader might mistakenly believe that research 

on the transmutation concept -- in principle, a superior waste 
management option -- was progressing a pace. 
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IV. The AEC's Responses To NRDC's Comments On The 

Discussion Of Radioactive Waste Management In The 

Draft Statement Is Inadequate 

A. NRDC Comment # 1 (p .  VI.38-379) 

The AEC staff is apparently unwilling to accept the detailed 

criticisms leveled at the RSSF concept, which is the focus of the 

discussion on radioactive waste management in both the draft and 

the proposed final environmental statements on the LMFBR Program. 

We believe that the analyses in the draft and proposed final state- 

ments are even more superficial and inadequate than the presentation 

in WASH-1539. Our detailed review of WASH-1539, which is attached 

as an appendix to these comments, demonstrates the inadequacy of 

the waste management sections of the PFES. 

B. NRDC Comment # 2 (p. VI.38-380) 

To the extent that an assertion of the inadequacy of the 

AEC's waste management program is "primarily a matter of interpre- 

tation", then the program has been found to be inadequate by vir- 

tually all of the commentators on WASH-1539, including the U.S. 

Environmental Protection.Agency, U.S. Department of the Interior 

and the Western Interstate Nuclear Board. 

Indeed, it is our understanding that ERDA, in light of these 

criticisms and its own review of the statement, is seriously con- 

sidering withdrawing WASH-1539 and preparing an entirely new, and 

more detailed and comprehensive, draft statement on ERDA's waste 

management program. If WASH-1539 is withdrawn, then this would be 

sufficient reason for the sections on radioactive waste management 

in the PFES to be completely rewritten and resubmitted in a new 
Q 
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d r a f t  statement on t h e  LMFBR Program. 

C. NRDC Comment # 3 (p. VI.38-381) 

The AEC s t a f f  missed o u r  c e n t r a l  p o i n t  i n  d i s c u s s i n g  p a s t  

f a i l u r e s  i n  t h e  hand l ing  of  radioactive wastes. While w e  b e l i e v e  

t h a t  inadequate resources have been committed t o  e s t a b l i s h i n g  an  

u l t i m a t e  d i s p o s a l  means -- as evidenced by t h e  s imple  fact  t h a t  

l a r g e  amounts of h igh - l eve l  and t ransuranic  wastes are be ing  

produced wi thou t  an u l t i m a t e  d i s p o s a l  means a t  hand -- w e  recognize  

t h a t  a s i g n i f i c a n t  e f f o r t  has  been made t o  store r a d i o a c t i v e  

wastes s a f e l y .  But t h a t ,  i n  essence ,  i s  t h e  po in t .  Even though 

t h e r e  was t h i s  care t aken ,  bad judgments w e r e  unwi t t i ng ly  made i n  

t h e  p a s t ,  l ead ing  t o  t h e  release of  l a r g e  amounts of  h igh - l eve l  

wastes a t  Hanford and the p re l imina ry  s e l e c t i o n  o f  an u n s u i t a b l e  

r e p o s i t o r y  f o r  commercial h igh - l eve l  wastes a t  Lyons, Kansas. The 

h i s t o r y  of  radioactive w a s t e  s t o r a g e  shows r a t h e r  c l e a r l y ,  w e  

believe, t h a t  good i n t e n t i o n s  do n o t  e n s u r e  t h a t  t h e  wastes w i l l  

be safely stored. 

D. NRDC Comment # 4 (p.  VI.38-382) 

The AEC s t a f f  states t h a t  r ega rd ing  t h e  p a r t i t i o n i n g  of 

a c t i n i d e s ,  " t h e r e  are ser ious  q u e s t i o n s  abou t  t h e  overall  hazard  

involved  i n  t h e  r epea ted  handl ing  of t h e s e  materials as w e l l  as 

the e f f e c t i v e n e s s  of d i s p o s a l  t h a t  must b e  resolved b e f o r e  a f i n a l  

decision can  be  made." Y e t  t h e r e  i s  no detailed d e s c r i p t i o n  of 

t h o s e  "ques t ions"  o r  how they  w i l l  be reso lved .  Furthermore,  t h e  

AEC s t a f f  does n o t  e x p l a i n  how t h e  f i n a l  d e c i s i o n  can  ever be 

r a t i o n a l l y  made i f  no money i s  s p e n t  on t h e  r e s e a r c h  t o  o b t a i n  

t h e  b a s i c  d a t a  t h a t  i s  r e q u i r e d  f o r  a f a i r  a n a l y s i s  of  t h i s  p o t e n t i a l  

I 
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option. 

ing for research of partitioning in the proposed FY 1976 budget 

should have been presented in the PFES. 

A full explanation of the reason the AEC terminated fund- 
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I 

INTRODUCTION 

The N a t u r a l  Resources  Defense Counci l ,  I n c .  (NRDC) and 

t h e  S i e r r a  Club  submi t  t h e s e  comments on t h e  d r a f t  programmatic 

envi ronmenta l  impact  s ta t .ement ,  Management of Commercial High- 

Level  and Transuranium-Contaminated Rad ioac t ive  Waste (WASH- 

1 5 3 9 ) ,  p repa red  by t h e  A t o m i c  Energy Commission (AEC).- T h e  
1/ 

s t a t e m e n t  conce rns  t h e  proposed c o n s t r u c t i o n  of a temporary 

n a t i o n a l  s t o r a g e  f a c i l i t y  f o r  t h e  hazardous r a d i o a c t i v e  waste 

mater ia ls  t h a t  a re  produced p r i n c i p a l l y  a t  i r r a d i a t e d  ( " s p e n t " )  

f u e l  r e p r o c e s s i n g  and mixed-oxide f u e l  f a b r i c a t i o n  p l a n t s .  

For t h e  r e a s o n s  s t a t e d  i n  d e t a i l  below, w e  b e l i e v e  t h a t  t h e  d r a f t  

s t a t e m e n t  and t h e  c o u r s e  o f  i n q u i r y  r e f l e c t e d  t h e r e i n  do n o t  

s a t i s f y  t h e  Fequirementsof  t h e  Na t iona l  Environmental  P o l i c y  

A c t  of 1969 ( N E P A ) ,  4 2  U.S.C. 55 4321-4347 ( 1 9 7 0 ) .  

M o s t  i m p o r t a n t l y ,  NRDC and t h e  S i e r r a  Club submi t  t h a t  

t h e  A E C ,  i n  p repar ing  t h i s  i m p a c t  s t a t e m e n t ,  i s  r e q u i r e d  t o  

c o n s i d e r  and e v a l u a t e  f u l l y  t h e  unavoidable  n e c e s s i t y ,  once high- 

l e v e l  and t r a n s u r a n i c  wastes are produced,  of c o n t a i n i n g  them 

p e r p e t u a l l y .  T h i s  i s  t h e  fundamental  i s s u e  o f  r a d i o a c t i v e  waste 

1/ These comments supplement D r .  Thomas B. Cochran ' s  September - 
23, 1 9 7 4  l e t t e r  and e n c l o s u r e ,  concern ing  t h e  omiss ion  of impor t an t  
n a t i o n a l  s e c u r i t y  c o n s i d e r a t i o n s  i n  t h e  d r a f t  s t a t e m e n t ' s  a n a l y s i s  
of t h e  s a f e t y  of s t o r i n g  t h e  n a t i o n ' s  h i g h - l e v e l  r a d i o a c t i v e  
wastes i n  v u l n e r a b l e  f a c i l i t i e s  on t h e  e a r t h ' s  s u r f a c e .  
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management. By narrowly restricting the focus and scope of the 

draft statement to an incomplete analysis of the environmental 

effects of facilities that are intended to store the long-lived 

wastes for at most the next two or three decades, instead of the 

million years that some of the wastes remain hazardous, the AEC 

has improperly substituted an extremely short-term and more 

manageable problem for the real one. The draft statement never 

seriously’considers the environmental implications of the central 

fact that the proposed decision to produce and store radioactive 

wastes temporarily irrevocably commits the nation to finding a 

means to store them for thousands of generations into the future. 

This draft statement provides no detailed analytical basis 

for the critical conclusion that, in fact, a satisfactory per- 

manent means of disposal of long-lived high-level radioactive 

wastes will be found in the foreseeable future. The grave 

hazards posed by the extremely long-lived toxicity of these 

wastes have too often been described to require a restatement 

here. 2’ This programmatic impact statement provides uniquely 

the opportunity €or the AEC to justify, if it can, its conclusion 

that the nation should proceed to generate vast amounts of 

wastes in advance of an assured means of permanently containing 

them. No question is more fundamental. Inexcusably, in this 

draft, the AEC does little more than assert that an answer will 

be found. 

B 2/ For an overview of the long-term hazards posed by radioacti 
wastes, see inter alia, Citizens’ Guide: The  National Debate on 
the Handling of Radioactive Wastes from Nuclear Power Plants, 
August 1974. (Available from NRDC, 664 Hamilton Avenue, Palo Alto, 
California 94301 .) 

~- 
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i At the risk of belaboring the obvious, the answer to that 

question must be the predicate of waste generation and the solu- 

tion cannot -- at the peril of unprecedented environmental contami- 
I 

I nation -- be assumed. The very existence of this draft environmental 

statement -- focused as it is on a temporary storage facility for 
radioactive wastes -- after years of scientific research and 
searching for a permanent solution suggests the great difficulty 

in finding a means for ultimate disposal. 

To cite just one expression of doubt, the Continuing 

Committee of the Pugwash Conferences on Science and World Affairs, 

a body of renowned international scientists, adopted last year 

the following statement: 

"NO general solution for the isolation of 
long-lived radioactive wastes from the 
biosphere, for the necessary many thousands 
of years, is yet in hand; that is, despite 
a wide variety of proposals, 'experts' 
Still disagree on whether any of them will 
suffice. Disposal in deep salt beds is 
perhaps the most thoroughly investigated 
possibility, but the viability of this ap- 
proach depends on the geological details 
of the particular salt deposit. New and 
larger research programmes should be ini- 
tiated in search of a solution. It is 
impossible to be complacent about expan- 
sion in the use of nuclear power without 
having a solution in hand."Z/ (emphasis 
added) 

The failure to present step-by-step the detailed basis 

for its conclusion that a solution will be found before disastrous 

management mistakes or accidents occur, in itself, is sufficient 

grounds for our conclusion that the AEC should scrap the present 

- 3/ Pugwash IJewsletter 11, July & October 1973, p. 23. (Available 
from Pugwash Conferenceson Science and World Affairs, 9 Great 
Russell Mansions, 60 Great Russell Street, London WClB 3BE,  England.) 
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draft and start again, with a new determination to disclose 

candidly and analyze fairly the basic questions at stake and 

alternative actions available. Even beyond this most fundamental 

failure, however, the statement suffers from such serious omissions 

and lack of essential detail that it should not qualify as an 

acceptable draft on even the subsidiary issues -- to which the 
draft principally devotes itself -- regarding short-term storage. 

To compare for decision-making purposes alternative means 

of processing and storing radioactive wastes, it is necessary to 

view the waste management process in toto, starting with removal 

of spent fuel from reactors through transportation, reprocessing, 

and management and on to the point at which the radioactivity 

will have decreased to innocuous levels. The statement fails to 

do this. 

The following major deficiencies exist in the draft statement: 

1. There is virtually no consideration given either to 

the storage of spent fuels at power plant sites or to their 

transportation to reprocessing facilities. 

2. The reprocessing step and short-term storage are not 

discussed at all. 

3 .  The possibility of storing noble gases and tritium at 

a Federal Repository instead of releasing them to the environment 

is not analyzed. 

4 .  There is inadequate review of the physical and chemical 

forms in which the high-level wastes should be stored. 

5. The cost analysis of the proposed engineered surface 

storage facility and subsequent geological disposal is virtually 

non-existent,consisting solely of bottom-line figures. 
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6. The discussion of possible geological formations for 

a permanent radioactive waste repository is only cursory. 

7. The evaluation of the processing and storage of 

transuranium-contaminated wastes is much too abbreviated. 

8. There is no discussion of the final disposition of 

large equipment and buildings that will become heavily contaminated 

during spent fuel reprocessing and mixed-oxide fuel fabrication. 

9 .  Major alternatives to the proposed program, such as 

permanently storing spent fuel assemblies, establishing nuclear 

parks, and recycling all transuranic elements are either ignored 

entirely or simply dismissed out of hand as impractical at this 

time . 
10. The issue of safeguarding facilities and radioactive 

waste-related materials from acts of terrorism, sabotage, and 

theft was improperly postponed to the final statement. 

11. There is no mention of the possibility of having to 

reprocess spent fuels from abroad and/or storing high-level and 

transuranium-contaminated radioactive wastes that are produced 

in foreign nuclear reactors. 

12. The storage time considered in the draft statement 

is effectively limited to only a few decades instead of the 

thousands of years during which the wastes will have to be 
separated from the human environment.- 4 /  

In addition, this draft statement is not, 

explicitly coordinated with other "programmatic" 

as it should be, 

environmental 

- 4 /  Each of these points is discussed in greater detail below. 
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impact s t a t emen t s  t h a t  r e c e n t l y  have been or soon w i l l  be re- 

l e a s e d  by t h e  Commission. 

o r d e r  t o  assist t h e  r e a d e r  and e n s u r e  t h a t  no v i t a l  q u e s t i o n s  

and i n t e r r e l a t i o n s h i p s  are over looked  and t o  p rov ide  u s e f u l  back- 

ground and f i l l  gaps  i n  any one  s ta tement .  The new d r a f t  s ta te -  

Such c o o r d i n a t i o n  is  necessa ry  i n  

ment on radioactive waste management should  be c a r e f u l l y  c ros s -  

r e f e r e n c e d  w i t h  t h e  fo l lowing  o t h e r  NEPA s t a t e m e n t s :  (a)  t h e  

existing draf t  statements on t h e  Liquid  Metal  F a s t  Breeder 

Reactor Program (WASH-1538), t h e  r e c y c l i n g  of plutonium i n  

n u c l e a r  f u e l  (WASH-1327) and Waste Management Opera t ions  at t h e  

Hanford Rese rva t ion  (WASH-l538); (b) t h e  proposed d r a f t  state- 

ments on w a s t e  management o p e r a t i o n s  a t  t h e  Idaho Na t iona l  

Engineer ing  Labora tory  ( fo rmer ly  t h e  Na t iona l  Reactor T e s t i n g  

S t a t i o n )  and a t  t h e  Savannah River  P l a n t i -  5/ and (c) t h e  d r a f t  

s t a t e m e n t  on t h e  I n t e r n a t i o n a l  Nuclear  Power Program which i s  i n  

p repa ra t ion . -  6 /  

While unde r sco r ing  a t  t h e  o u t s e t  o u r  g r a v e s t  concern a t  

t h e  omiss ion  o f  adequa te  j u s t i f i c a t i o n  fo r  proceeding  w i t h  waste 

g e n e r a t i o n  a t  a l l ,  w e  a t t e m p t  i n  t h e s e  comments t o  i n d i c a t e  s p e c i f i -  

c a l l y  why t h e  t r e a t m e n t  i n  t h i s  d r a f t  of t h e  s u b s i d i a r y  i s s u e s  i s  

i t s e l f  unacceptab ly  incomple te  and t o  s u g g e s t  which s u b j e c t s ,  f o r  

what r e a s o n s ,  should  be covered i n  t h e  new d r a f t  t h a t  should  be  

p repa red .  

I n  o u r  view, a new d r a f t  programmatic envi ronmenta l  impact 

s t a t e m e n t  must be  p repa red  and c i r c u l a t e d  f o r  comment b e f o r e  any 

c o n t r a c t u a l  commitments are made or Congress iona l  a p p r o p r i a t i o n s  

sought  f o r  t h e  c o n s t r u c t i o n  o f  a n  engineered  s u r f a c e  s t o r a g e  

- 5/ 38 Fed. R e g .  29155; August 1 4 ,  1973. 

- 6 /  39 Fed. Reg. 20835; June  14, 1974. 
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facility or any other type of national waste management repository. 

To take any definitive action toward implementing a proposed 

radioactive waste management plan prior to preparing an entirely 

new draft statement would thwart the public's right to know in 

advance the potentially adverse consequences and full costs of 

a large nuclear power industry and would thereby violate the 

National Environmental Policy Act and the case law and agency 

regulations established under it. 



v .73-24 

- 8- 

I1 

GENERAL REQUIREMENTS FOR PROGRAM- 
MATIC ENVIRONMENTAL IMPACT STATEMENTS 

In order to disclose fully for the public and governmental 

decision-makers the potentially significant adverse environmental 

effects of proposed actions and all reasonable alternatives 

thereto, draft environmental statements on major national 

policies and programs should be issued in a sequential process, 

progressing from the initial general policy considerations to 

subsequent implementing.decisions on individual activities. 

observer put it this way: 

"Rather than a final plan or project with an ac- 

. 

One 

- .-. - ~ 

companying assessment, there should instead be a 
series of increasingly specific evaluations. 
undertaken properly, this is the essence of a realis- 
tic comprehensive planning process."L/ (emphasis added) 

When 

The President's Council on Environmental Quality (CEQ) has 

offered some guidance here: 

"In many cases, broad program statements will 
be required in order to assess the environ- 
mental effects of a number of individual actions 
on a given geographical area . . . or environ- 
mental impacts that are generic or common to a 
series of agency actions (e.g., maintenance or 
waste handling practices) , or the overall im- 
pact of a large-scale program or chain of 
contemplated projects. . . .'I - 8/ 

The scope of statements and their timing depend on the circumstances 

in each case. A s  the CEQ has observed: 

"An agency must time its preparation of pro- 
gram and individual statements to accomplish 
NEPA's ends in the light of its other program 

- 7/ P. H. Sedway, "Time For An Overhaul: 
Report," Cry California, Summer 1974, pp. 10-15. 

- 8/ CEQ Guidelines, S 1500.6 (d) (1) . 

The Environmental Impact 

Q 

Q 
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objectives. When a new program is just begin- 
ning, the obvious course is for the agency to 
prepare an environmental statement before 
the program is launched."9/ - 

The classic example of the programmatic type of statement is 

the one on the Commission's Liquid Metal Fast Breeder Reactor (LMF'BR) 

Program, wherein the AEC controls the funding for research and develop- 

ment and will closely regulate construction and operation of breeder 
1 o/ nuclear power plants. Under court order- the AEC has now issued a 

draft programmatic environmental statement.- ''' It is clear from the 

language of the court opinion, and from the strong adverse reaction to 

the draft statement itselfs' that very high standards are being es- 

tablished for programmatic environmental statements. 

The general purposes of programmatic statements have been 

identified by the CEQ as follows: 

"The program 102 statement affords an occa- 
sion for a more comprehensive consideration 
of effects and alternatives than is practi- 
cable in a statement on an individual action. 
It tends to ensure that cumulative impacts 
likely to be slighted in a case-by-case 
analysis are considered. And it avoids dup- 
licative discussion of basic policy questions. 
A program statement can be supplemented or 
updated as necessary to account for changes 
in circumstances or public policy and to 
measure cumulative impacts over time."2/ 

9/ CEQ Third Annual Report, p. 234. - 
- 10/ Scientists' Institute for Public Information v. Atomic Energy 
Commission, 481 F.2d 1079 (D.C. Cir. 1973). 
- 11/ AEC, Draft Environmental Statement, Liquid Metal Fast Breeder 
Reactor Program, WASH-1535, March 1974. 
- 121 See, for instance, R. Gillette, "Low Marks for AEC's Breeder 
Reactor Study," Science, p. 877 (May 24, 1974). 
13/ CEQ, Environmental Quality: The Third Annual Report of the 
=unci1 on Environmental. Quality, p. 233 (August 1972) (hereinafter, 
"Thi.rd Annual Report"). Essentially identical language is contained 
in CEQ Recommendations for Improving Agency NEPA Procedures, 3 
Environment Reporter current Developments 82,85 (May 1972). 
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More recently, the CEQ has reemphasized as follows the importance 

of programmatic statements in improving the NEPA review process, 

thereby improving decision making to protect the environment: 

"The [new, revised] guidelines encourage the 
use of program or generic statements to cover 
a number of related individual actions when 
comprehensive analysis is more useful and 
efficient than separate analyses of several 
related projects. If sufficiently compre- 
hensive and informative, such program state- 
ments eliminate or reduce the need for 
further individual project statements. Pro- 
gram statements cut redundancy and unnecessary 
paperwork and make the environmental analysis 
more meaningful. 

The revised AEC guidelines%' for the preparation of NEPA statements 

explicitly provide for programmatic statements on research and 

development programs, such as the Commission's plan to regulate, 

develop, construct and maintain facilities for the handling of 

high-level and transuranium-contaminated radioactive wastes. 

It should be emphasized that programmatic statements are 

not to be vague discussions of environmental impact. 

tion of adverse effects of the program must be detailed and compre- 

The considera- 

hensive. To the exten.t that it is impossible or unwieldly to be 

specific in assessing potential adverse impacts, then subsequent 

environmental statements should be prepared on more narrow "actions". 

The CEQ has specifically addressed this issue as follows: 

" [ A I  program statement would not satisfy 
section 102(2)(C) if it were superficial 
or limited to generalities. The very 
rationale for a program statement requires 
that environmental considerations be 
analyzed fully. When all significant 

- 14/ Fourth Annual Report, p. 235. 

- 1 5 /  10 C.F.R. § 11.5(a) ( 4 )  ; 39 Fed. Reg. 5620, February 14, 1974 . 

Q 
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issues cannot be treated adequately in 
connection with the program as a whole, 
statements of more limited scope will 
be necessary on some or all individual 
actions to complete the analysis."g/ 

Thus, in order to satisfy at once the goals of assessing 

overall, cumulative impacts and achieving specificity in descriptions 

of potentially adverse environmental effects, it is necessary to 

estimate in detail, and insofar as possible quantitatively, the 

total primary and secondary impacts of an entire series of related 

individual actions during a specified period of time. 

It is also important to recognize that the concept of the 

broader, programmatic EIS is firmly rooted in, and logically 

flows from, the fundamental considerations that prompted Congress 

to enact NEPA in the first place. That body clearly perceived 

the great need for overall environmental assessments of the 

lony-range consequences of federal actions. Indeed, the need to 

consider the cumulative and diverse environmental effects of 

major federal actions provided much of the impetus to establish 

a strong national policy on the environment. Thus, the Senate 

Committee Report on NEPA stated: 

"[NEPA] is also designed to deal with the 
long-range implications of many of the 
critical environmental problems which have 
caused great public concern in recent 
years. . . . llZ/ 

- 16/ Third Annual Report, p. 234. See also CEQ Guidelines § 1500.6(d) (1) 
and Fourth Annual Report, p. 235. 

- 17/ S .  Rep. No. 91-296, 91st Cong., 1st S e s s .  (19691, p. 8. It 
is also worth noting that radiation hazards were a specific problem 
noted in NEPA's legislative history. Id. at 4 .  - 
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In the following sections we discuss the omission of major 

topics and the lack of sufficient detail in this draft statement 

that render it incomplete and inadequate as a programmatic impact 

statement by the standards that have been established pursuant to 

NEPA. 
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I11 
6 

THE DISCUSSION OF POSSIBLE ENVIRONMENTAL 
EFFECTS IN THE DRAFT ENVIRONMENTAL IMPACT 

DOES NOT ADEQUATELY CONSIDER CUMULATIVE 
STATEMENT IS TOO NARROW, INCOMPLETE AND 

EFFECTS 

The Commission has too narrowly focused the draft 

statement. The result is a significant understatement of 

potential adverse environmental effects and costs. 

Programmatic environmental statements, as discussed in 

the previous section, are intended to be comprehensive analyses 

of the cumulative effects of an entire proposed program and its 

reasonable alternatives. Thus, this draft statement should 

have considered all major steps in the handling of commercially- 

generated high-level and transuranium-contaminated radioactive 

wastes, starting at the time that spent fuel assemblies are 

removed from the cores of power reactors and ending at the 

time -- thousands of years in the future -- when the radioactivity 
of the wastes has decayed to innocuous levels. The best available 

evidence should have been presented that each step in the handling 

of the wastes can be carried out at acceptable costs for as long 

as the country may utilize the nuclear fission process for the 

generation of electricity and the wastes remain hazardous. The 

total cost in financial, social and environmental terms should 

have been compared to the benefits of nuclear power, and the 

full cost of each step should have been compared with the costs 
/, 

of alternatives. kd 
The principal deficiencies in this draft with respect 

to the analysis of possible environmental effects are the 
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following: 

in the fuel cycle -- storage at nuclear power plant sites, 
shipment to reprocessing facilities, treatment at spent fuel 

reprocessing plants and temporary storage at such plants -- 
that precede the time they are placed in federal custody; 

(b) the failure to analyze fully the detailed criteria for an 

acceptable design and site for an engineered surface storage 

facility and compare accurately the relative merits of the 

three specific designs and sites that are discussed; and (c) 

the failure to analyze the likely suitability of various 

geological formations and sites and explain the detailed 

procedures that will be followed in selecting a particular 

(a) the lack of a detailed discussion of the steps 

formation and site for a permanent national radioactive waste 

repository. 

to render the draft inadequate under NEPA. Collectively, they 

Each of these omissions is sufficiently serious 

are an indication of the Commission's apparent hesitancy to 

act "to the fullest extent possible" on the Congressional mandate 

1 1 .  . .utiiize a systematic, inter- 
disciplinary approach which will 
insure the integrated use of the 
natural and social sciences and the 
environmental design arts in planning 
and in decisionmaking which may have 
an impact on man's environment. . .." 
(NEPA, S 102(2) ( A ) )  

A. The Environmental Statement Must Fully 
Consider All Significant Potential 
Environmental Effects Of Managing 
Radioactive Wastes 

As discussed in section I1 above, the principal thrust 

of the proqrammatic statement is to evaluate the possible 
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overall environmental effects of a proposed series of actions which 

may be only incompletely considered in a piecemeal approach. The 

programmatic environmental statement on high-level and transuranic 

wastes should analyze the overall, cumulative environmental effects 

in the handling of commercially-generated wastes from the time of 

their creation in nuclear power plants through their ultimate 

decay to innocuous levels. The draft statement, however, omits 

the important transportation, handling and reprocessing steps, 

explicitly leaving them to facility-by-facility analysis. (pp. 

2.2-6, -7;  C-23; C-36; C-70; C-78) To start the analysis of 

the management of commercially-generated radioactive wastes, as 

the draft does, at a point when the high-level wastes may have 

already been in storage for 10 years a t  spent fuel reprocessing 

plants and the t ransuranium-contaminated wzstes may have been 

stored for 5 years, frustrates the purpose of the programmatic 

statement and violates NEPA by systematically underestimating costs. 

The U . S .  Court of Appeal's opinion in Scientists' Institute 

for Public Information v. Atomic Energy Commission, 5 ERC 1418, 

1422 (D.C. Cir. 19731, applies equally here. 

"The Commission takes an unnecessarily 
crabbed approach to NEPA in assuming that 
the impact statement process was designed 
only for particular facilities rather than 
for analysis of the overall effects of 
broad agency programs. Indeed, quite the 
contrary ss true ."18/ 

18/ - 
cussed in an analysis of the overall program would be quite 
different from those discussed in an analysis of a particular 
facility, and the relevant audiences, both in government and 
outside, would vary for each analysis." - Id. at 1426. 

The court also went on to observe that "[tlhe issues dis- 
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1. The Definitions And Amounts Of Wastes 
Must Be Presented In Greater Detail And 
Under Varying Assumptions Of Nuclear 
Power Development 

a. High-Level Wastes 

Rather thanincluding tall of the highly radioactive wastes 

that may be handled and finally stored at a federal repository 

as part of the national radioactive waste management program,this 

draft employs the restrictive definition of "hiqh-level liquid 

radioactive wastes" from Appendix F of 10 C.F.R. Part 50: 

"For the purpose of this statement of 
policy, 'high-level liquid radioactive 
waste' means those aqueous wastes re- 
sulting from the operation of the first 
cycle solvent extraction system, or 
equivalent, and the concentrated wastes 
from subsequent extraction cycles, or 
equivalent, in a facility for reproces- 
sing irradiated reactor fuels." (p. 1.2-2) 

Taking this narrow view of what constitutes "high-level radio- 

active wastes" €or the purposes of this environmental statement 

excludes from consideration all the handling, shipping and 

processing steps that always are associated with the production 

of the first cycle aqueous wastes and their concentrated 

equivalents. As we have stated previously, such a restrictive 

definition does not comport with the requirements of a pro- 

grammatic statement under NEPA. 

Further, the Appendix F definition is not even precise 

within the context of a spent fuel reprocessing plant, a s  

indicated in the following footnote in the draft statement: 

"Since the issuance of this regulation, 
a number of questions have been raised 
by industry as to the degree, if any, 
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to which subsequent extraction cycle 
wastes might be concentrated without 
requiring their treatment as first cycle 
waste. This point has not been resolved.” 
(p .  2.3-1)19/ 

Thus, because the draft statement uses a narrow and imprecise 

definition of the wastes under consideration in the draft 

statement, the scope of the statement i s  too limited, 

and there is siqnificant uncertainty about the amounts 

and characteristics of the wastes which may be shipped to a 

federal repository. This throws a shadow over the entire 

analysis. 

The definition of wastes is not a trivial or easy matter. 

The new draft statement should devote sufficient attention to 

defining what wastes will have to be sent to a federal repository 

so that any remaining ambiguities are not of great consequence. 

As we requested earlier,g’ serious consideration should be given 

to the groupings of wastes that are recommended by the Inter- 

national Atomic Energy Agency.- 21/ 

classifications €or liquid wastes is that they are based solely 

The advantage of the IAEA 

upon specific concentrations of gross radioactivity. While 

this clearly does not solve all problems, such classifications 

are an improvement in precision. We also urge the Commission 

- 19/ 
of the unresolved issues, including a discussion of the impli- 
cations €or the radioactive waste management program and the 
steps that are underway to eliminate uncertainties. 

- 20/ Letter from Terry R. Lash and John E. Bryson, NRDC, to 
Dr. James L. Liverman, AEC, dated June 7, 1974. 

The new draft statement should provide a clear explanation 

21/ IAEA, Standardization of Radioactive Waste Categories, 
Technical Reports Series, No. 101 ( 1 9 7 0 )  
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t o  c o n s i d e r  a d o p t i n g , a t  least  f o r  t h e  purpose  o f  d e f i n i n g  waste 

c a t e g o r i e s  i n  t h e  new d r a f t  s ta tement ,  t h e  concept  of " inventory  

commitment," which u n f o r t u n a t e l y  is d i s c u s s e d  o n l y  b r i e f l y  i n  

an  appendix o f  t h e  d r a f t  (p. A.2-8). S i m i l a r l y ,  w e  u rge  t h e  

AEC t o  c o n s i d e r  u s ing  t h e  EPA's "environmental  dose commitment - 
cr i ter ia  as  a r a t i o n a l e  fo r  d e f i n i n g  and c a t e g o r i z i n g  r a d i o a c t i v e  

wastes. W e  also ca l l  a t t e n t i o n  t o  t h e  c l a s s i f i c a t i o n s  of  wastes 

t o  be  found i n  o t h e r  r e c e n t  AEC documents.- 

l l22/ 

23 / 

b.  Transuranium-Contaminated Wastes 

I n  con t r a s t  t o  t h e  vague and o v e r l y  res t r ic t ive  d e f i n i t i o n  

of h i g h - l e v e l  wastes, t h e  d e f i n i t i o n  of t ransuranium-contaminated 

wastes i n  t h e  d r a f t  i s  p r e c i s e ,  be ing  a s imple  numerical  con- 

c e n t r a t i o n  (10  nanocur i e s  p e r  gram) ,  and meaningful  because it 

i s  comparable t o  t h e  p o t e n t i a l  f o r  r a d i o l o g i c a l  damage of n a t u r a l  

r a d i o a c t i v i t y  from radium i n  t h e  e a r t h ' s  c r u s t .  Unfor tuna te ly ,  

however, it is e v i d e n t l y  i m p r a c t i c a l  t o  measure such low a lpha  

a c t i v i t y  from t h e  o u t s i d e  of  a package. (pp. 6-67,  - 7 4 )  While 

t h e  d r a f t  s t a t e m e n t  asserts t h a t  there are p r a c t i c a l  "adminis t ra -  

t i v e  means" a v a i l a b l e  f o r  i d e n t i f y i n g  wastes c o n t a i n i n g  more than  

t h e  1 0  nanocur i e s  p e r  gram l i m i t ,  t h e s e  g u i d e l i n e s  are n o t  r ep ro -  

duced i n  t h e  s t a t emen t .  I n  o r d e r  f o r  t h e  d i s c u s s i o n  of t ransuranium- 

contaminated w a s t e  management t o  be w h o l e ,  these q u i d e l i n e s  should 

be reproduced and d i s c u s s e d  i n  the new d r a f t  statement. 

- 22/ 
Environmental  Rad ia t ion  Dose Commitment: An Appl iont ion  To The  
Nuclear  Power I n d u s t r y ,  EPA-520f4-73-002 ( F e b r u d r y  1 9 7 4 ) -  

23/ Rlorneke, K e e  and Nichols ,  P r o j e c t i o n s  of Rddloac t ivc  W a c , t e s  
pz B e  G e n e r a t e d  By T h e  U.S. _ "  Vuclear - -  Power : qduc ; t ry ,  QRN1, TM- r9F,', 
p.  1 (February  1 9 7 c - - -  

O f f  ice o f  Radia t ion  Proqrams , E n v i r o n m e n t a l  Protect  i o n  Agency, 
_-- ----____-___ I_ 

___--- - - __ __ - 
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Furthermore, consideration should be given to uranium alpha 

wastes from the thorium fuel cyTle of the High Temperature Gas 

Reactor. These wastes undoubtedly will also be shipped to a 

federal repository before the end of the century.- 2 41 

c. Projections of Waste Generation 

Clearly defining what wastes will have to be delivered 

to a federal repository in the future is a necessary prerequisite 

to accurately estimating the magnitude and nature of the problem 

of providing perpetual containment of the wastes. Staff at the 

AEC's Oak Ridge National Laboratory (ORNL) has recognized the 

importance of accurately forecasting the build-up of nuclear 

wastes: 

"Projections of the industrial radio- 
active wastes from the nuclear fuel cycle 
are useful in the planning and design of 
methods and facilities that will be 
needed for their future management, and 
for the assessment of potential environ- 
mental effects." 27 - 

The draft statement does contain estimates €or the amounts of 

high-level (pp. 2.3-5 through 2.3-11)- and transuranium- 

contaminated (pp. 2.4-14 through 2.4-16) wastes through the year 

2000.- 27/ 

2 6/ 

Estimates of waste production into the next century 

- -  24' Id. at 91. (From hereinafter our comments regarding 
transuranium-contaminated wastes are also to apply to future 
uranium alpha wastes.) , 

25/ Id. at 1. 
- 26/ The projections of the high-level wastes for some unexplained 
reason are taken from an older study, by Blomeke and Nichols, 
(Commercial High-Level Waste Projections, ORNL-TM-4224, May 19731, 
than were the projections for transuranium-contaminated wastes 
(Blomekc, et al. , op. __ cit.) See pp. 2.3-36 and 2.4-17. =/ The projections of transuranium-contaminated wastes should bc 
expanded to include uranium alpha wastes. See Blomeke, e t  al., op. 
- cit. Furthermore, it should be made clear that the tables Blomeke 
-- et al. explicitly assume that the wastes will be compacted. 

- -  

-- 
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arc not presented because "projections of reactor growth beyond 

the year 2000 are not considered firm enough. . . ." (p. C-27) 
While this stance may be appropriate for some situations, we 

believe that this limitation unduly restricts the assessment of 

costs and potentially adverse environmental effects of the 

radioactive waste management program. In our view, the Commission 

must attempt now to project the waste management problems which 

will arise in the 21st century as a result of heavy reliance on 

nuclear fission. Only in this way will the complete size and 

potential hazards and costs of a national repository be appreciated. 

While it is true that the longer the extrapolations, the 

greater the potential error, even rough calculations will be useful 

in setting guiding parameters for engineered and geological reposi- 

tories. We suggest that different scenarios of nuclear development 

be constructed that would bracket any actual development. In any 

event, projections beyond the year 2000 can be made and such longer 

term projections should be used in the new draft. For instance, 

the ORNL study& that was relied upon for projections to the year 

2000 also contains estimates for the amounts of radioactive waste? 

generated out to the year 2005.  Further, the OFWL study refers to 

a "sophisticated systems analysis computer  program"^/ that pre- 
sumably could be run to generate waste accumulation values well 

into the next century. 

29/ Id. at 1. - -  
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Additionally, we call attention to the projection of 

cumulative environmental effects in section 9.1 of the LMFBR 

draft programmatic environmental impact statement (WASH-1535) , 
wherein the amounts of radioactive wastes frdm LMFBR's are 

projected through the year 2020. It would seem reasonable that 

the new draft statement on the radioactive waste management 

program could include similar projections for all reactor types 

that may be in commercial operation at that time. 

Extending projections out even only 20 years would be 

useful in assessing the overall magnitude of the waste storage 

problem because the nuclear industry is projected to be in a 

period of very rapid growth at the turn of the century. For 

instance, in the 5-year period between the year 2000 and 2005, 

thc amount (in cubic feet) of accumulated high-level radioactive 

waste is expected to increase by more than 60%, with the annual 

rate of addition still increasing.2' Thus, the real crunch -- 
particularly for a surface storage facility -- for space to 
store the commercially-generated wastes may begin to occur 

shortly after the time the draft statement's analysis ends. For 

this reason we believe that the new draft statement will be 

seriously deficient if projections of waste generation are not 

extended well beyond the year 2000. 

Finally, we agree with the assessment in the draft 

statement that "[tlhere appears to be some use for a measurement 

[of radioactive wastes] that would indicate at least in an 

approximate way not only the potential hazard of a present waste 

30/ Blomeke, -- et al., op. G., p. 77. - 



2. The Statement Should Explicitly Consider 
The Consequences Of And Reasonable Alter- 
natives To Existing AEC Requirements For 
Radioactive Waste Management 

Appendix F to 10 C.F.R. Part 50 establishes the requirements 

for solidification and delivery of radioactive wastes to a federal 

repository, and is intended to control the decommissioning of 

spent fuel reprocessing facilities (pp. 2.3-34, -35). There is 

no other regulation that more directly pertains to the management 

of commercially-generated wastes. Regrettably, the draft statement 

does no more than summarize the provisions of the regulation. 

Instead, the draft should analyze the effects of each 

requirement and of alternatives to it. A pervasive problem 

with the existing regulations is that they were written at 

the time when only geological disposal without interim storage 

in a man-made structure was actively considered. 

For instance, the new draft statement should explicitly 

consider requiring immediate solidification of wastes rather 

than allowing storage as liquid for 5 years. The calcination 

of high-level liquid wastes appears to be technologically and 

economically practica!. without a storage period. (p. 2.3-25)- 3l/ 

- 3L/ See, AEC, Final Environmental Statement, The Midwest Fuel 
- Recovery Plant, p. 20 (December 1972). Apparently, the subsequent 
major technical problems at the Midwest Fuel Recovery Plant 
were unrelated to the waste calcination step. (p. 2.3-16) 
However, some problems did develop in the waste calcining step, 
which are not described in this draft statement. See, General 
Electric, "Midwest Fuel Recovery Plant, Technical Study Report," 
p. 39  (July 5, 1974). 

n 
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inventory but also the degree to which that hazard will continue 

into the future." (p. A.2-8) The projections of future waste 

productidn should use such a form of measurement, in contrast 

to the current draft statement. 

-. .. 
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Making this practice a requirement would seem to offer added 

safety at little, if any, additional cost. 

The draft statement indicates in a footnote that one 

modification -- to require chemical, thermal and radiological 
stability of the solidified wastes beyond 90 days after receipt 

at a federal repository -- of Appendix F is anticipated. 
(p .  2.3-34) Unfortunately, the draft statement is silent 

about the changes in language that are under consideration, 

thereby leaving the Commission's posi;ion ambiguous. The new 

draft statement should clearly indicate the time period that 

the "canned" wastes will have to remain stable after delivery 

to a federal repository. 

to the anticipated operating parameters of the repository and 

where there are uncertainties about the requirements €or satis- 

This period should be closely linked 

factory storage at the repository, indicate how these uncertain- 

ties may be reflected in this provision of Appendix F.- 3 2/ 

In one regard we find the bummary of provisions in 

Appendix F seriously misleading. 

decommissioning ( 5  4 )  is paraphrased in the draft as follovs:"4 

desiqn objective for fuel reprocessing plants shall be to 

f a c i l j  tate decontamination and removal of all radioactive W ~ I S ~ . I  

at the tine the facility is permanently decommissioned." /*-,. ' -  -' ":; 

We believe that the new draft statement s h o u l d  go beyc-c? ti-25 

simple statenent to discuss two issues thac are ccntz:."ir:r - -  

The Appendix F provision on 
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Appendix F but which are not mentioned in the statement's 

summary. First, there should be a clear explanation of what 

materials will be governed by the phrase "significant radioactive 

wastes" and eventually removed from reprocessing facilities for 

permanent storage at a federal repository or other waste 

disposal site. (Appendix F, 5 4 . )  This question has particular 

importance in light of the Commission's proposed amendment to 

10 C.F.R. Part 2 0  to require the storage of transuranium-contaminated 

wastes (in excess of 10 nanocuries per gram) at the federal 

repository rather than at commercial burial grounds as is now 

permitted. (39 Fed. Reg. 32921, September 12, 1974.) Will 

this same 10 nanocuries per gram criterion apply to all equipment 

and structures at reprocessing facilities? What other criteria 

may be used in defining "Significant"? 

The second issue, which is closely related to the first, 

concerns the criteria that will apply to the decommissioning of 

spent fuel reprocessing facilities. 

the entire plant, in essence, have to be dismantled and carted 

off  to the national repository? 

the construction of spent fuel reprocessing plants should know 

the full requirements for decommissioning as far in advance as 

possible. 

(Appendix F, 5 4 . )  Will 

Certainly companies considering 

Additionally, the section on the regulation of spent fuel 

reprocessing plants should discuss the implications of proposed 

"as low as practicable" proceedings for fuel cycle steps other 
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than power plants (39 Fed. Reg. 16901 

the proposed Appendix P to 10 C.F.R. Part 50 to establish 

principal design criteria for fuel reprocessing plants (39 Fed. 

Reg. 26293 (July 18, 1974)) These regulations and proposed 

regulations will to a large degree determine the kinds and 

amounts of wastes that will have to be stored at any surface or 

geological storage facilities. Not fully discussing the pro- 

visions of these "controlling" regulations and their reasonable 

(May 10, 1974)@' and 

alternatives makes the draft statement significantly incomplete.- 3 5/ 

As indicated below, it is also important for the new draft 

to analyze existing regulations on the transportation of spent fuel 

assemblies and solidified wastes; and the new regulations 

concerniiig nuclear safeguards. 

3 .  The Storage Of Spent Fuel Assemblies At 
Power Plant Sites Must Be Discussed 

The management of fission product wastes actually begins 

at the time spent fuel assemblies are removed from nuclear 

power reactor cores and placed in water-cooled basins at the 

power plant sites. A discussion of the safety and experience 

of this handling and storage of the wastes is desirable because 

33/ See, NRDC submission, dated July 11, 1974. 

34/ See, NRDC submission, dated September 30, 1974. 

35/ Any argument that these regulations do not need to be con- 
sidered in an impact statement on the radioactive waste manage- 
ment program prepared under the General Manager's Office of the 
AEC on the grounds that they are the responsibility of the 
Director of Licensing would be frivolous. (See, e.a., pp. C-23,  -701 

- 
- 
- 



the Commission relies so heavily upon the record of using these 

water-cooled basins to justify its assurances that the capability 

to construct and operate an engineered surface storage facility 

is within the Commission's reach. (pp. 3.1-1, C-45.) In 

particular, the new draft statement should elaborate upon the 

following answer given to an inquiry about past experience with 

the storage of spent f u e l  assemblies: 

"At [the AEC's Hanford, Savannah River, 
and Idaho] sites, most water-filled spent 
fuel storage basins and retention basins 
for potentially contaminated cooling water 
are of concrete construction. There have 
been occasional leaks from these basins 
and, although no significant radiation 
exposures to the public have resulted, the 
existence of residual radioactive contami- 
nation in the soil beneath or beside the 
basins represents an undesirable eventual 
site decommissioning problem. It is for 
this reason that the RSSF water basin 
alternative would have a stainless steel 
liner." (p. C-45) (Emphasis added) 

The questions that need answering are: What has been the 

experience with water-filled storage basins at commercial 

nuclear power plant sites? And, what is the basis for believing 

that a particular basin liner will solve the leakage problem 

€or the possible, as opposed to the hoped for, life of an 

engineered surface storage facility? 

We regard it as possible that the best alternative will. 

be not to reprocess at all, b u t  to develop a permanent storage 

facility OK facilities €or s p e n t  f u e l  assemblies. In t h i s  way, 

the rexease of significant a m o u n t s  of radioactive wastes to 
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in the handling and storage of "high-level!' wastes will be 

eliminated; and, perhaps most importantly, there will not be 

large quantities of purified plutonium in existence to be 

accidentally released or stolen for terrorist or blackmail 

purposes. 

Any final judgment on that major alternative would 

require a detailed consideration of the advantages and 

disadvantages of storing the spent fuel assemblies in 

water-cooled basins, or in some other type of structure for 

heat dissipation and radiation shielding. A complete evalua- 

tion of the knowledge that has been accumulated over the past 

two or three decades about storing spent fuel assemblies would 

be very useful during review of this major and apparently 

attractive alternative to releasing the fission products and 

by-product actinides from fuel rods during spent fuel reprocessing. 

I 

4. The Shipment Of Spent Fuel Assemblies To 
Reprocessing Plants Must Be Thoroughly 
Analyzed 

The transportation of spent fuel assemblies -- which 
represents most of the "curie-miles" of radioactive materials' 

shipments -- must be carefully evaluated in the new draft 
statement because it represents a large portion of the cost in 

the management of commercially-generated wastes, exposes the 

population to significant amounts of radiation, and poses the 

risk of serious accidents that even AEC scientists estimate 

could kill hundreds or even thousands of people and significantly 

contaminate the local environment. Each of these costs can be 
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expressed in terms of dollars and they should be factored into 

the overall cost/benefit analysis of radioactive waste manage- 

ment and fully considered in the comparisons of waste management 

alternatives,including in discussions of the locations of 

possible repositories. 

The draft gives only brief consideration to the trans- 

portation of spent fuel assemblies (pp. 2.3-25, 3.3-1 through 

3.3-14), and even less to the shipment of solidified high-level 

wastes (see, esp. pp. 3.3-1 and 3.3-9). The assertions of a 

high degree of protection against serious radiological conse- 

quences of transportation accidents is based almost totally upon 

two previous surveys (p. 3.3-2) which have not been subjected 

to the rigorous NEPA process. Our evaluation of the transporta- 

tion section of the LMFBR draft programmatic statement (WASH-1535), 

which relied upon these surveys and other studies, is presented 

in Appendix B. By this reference we explicitly intend to 

incorporate them in these comments on the draft programmatic 

statement concerning radioactive waste management. 

At several places in Appendix B we critique portions of 

3 6 /  the two surveys, WASH-1238 and WASE-1248-- which are relied 

upon in this draft statement as evidence €or the high degree 

of safety in the transportation of solidified high-level wastes. 

36/ 
"Environmental Survey of the Nuclear Fuel Cycle" 

WASH-1248 is virtually an unchanged version of the earlier - 
(November 1972) 
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In large part our criticisms are generic in nature and apply 

equally to shipments of spent fuel assemblies from all reactor 

types and solidified high-level radioactive wastes. Detailed, 

specific comments on the transportation of solidified high-level 

wastes, and on the shipment of spent fuel assemblies from LMFBR's, 

arenot possible because no shipping casks have been designed 

yet for these radioactive materials. 

In addition to responding to each of the points raised 

in Appendix B, we believe that the new draft statement should 

directly confront the recommendations of the Association of 

American Railroads and the Committee on Transportation of 

Radioactive Materials, Western Interstate Nuclear Board. 

On May 3 ,  1974, the Board of Directors of the AAR issued 

the following recommendation to the railroad industry: 

"Shipments of casks containing irradi- 
ated spent fuel cores should move in 
special trains containing no other 
freight, not faster than 35 MPH. When 
a train handling these shipments meets, 
passes or is passed by another train, 
one train should stand while the other 
moves past not faster than 3 5  MPH."  

The Board listed the following three underlying "circumstances" 

which prompted them to make this recommendation: 

"1. the introduction of very much heavier 
casks and larger quantities of irradiated 
fuel elements as a result of changes in 
nuclear technology; 

2. the increasing public concern over en- 
vironmental consequences of accidents in- 
volving the shipment of any hazardous 
material: and 

3. the recognition that the transportation 
environment can be controlled thus reducing 
the probability of accidents and the inten- 
sity of the accident event." 
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We applaud this commendable concern with the public health 

and safety, and urge the Commission to give the AAR's recom- 

mendation full consideration. However, while the observance 

of this strict limitation on the operation of trains carrying 

spent fuel casks will substantially increase the margin of 

safety, it will also increase transportation costs. These 

increased costs should be calculated and presented as p a r t  of 

the detailed cost/benefit analysis that should be included in 

the new draft analysis on the management of commercially-generated 

radioactive wastes. 

The WINB Committee on Transportation of Radioactive 

Materials recently reported that there are significant numbers 

of violations of the federal regulations that are designed to 

protect the public health and safety during the transportation 

of radioactive materials.2' 

compliance with regulations, the Committee stated 

Based upon its review of non- 

'I. . .that the U . S .  Department of Trans- 
portation should undertake a more vigorous 
enforcement program for hazardous material 
transportation in general, and radioactive 
material transportation in particular. The 
small number -of inspections and frequent 
incidence of violation of regulations 
clearly indicate a need for a more vigorous 
and more extensive Federal regulatory ef- 
fort. Regulations which call for careful 
packaging and transportation of radioactive 
material are of limited value unless compli- 
ance is strictly enforced."3q/ 

37/ Transportation of Radioactive Materials In The Western 
States (March 1974). - 
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The Committee further recommended 

". . .that the requirements for routing 
and/or alternate routing of radioactive 
material shipments should be reviewed by 
the DOT in concert with the states to 
determine whether any more definitive 
guides can be included on routing through 
populated areas and to determine the ap- 
plicability oE these requirements to rail 
shipments. " - 39/ 

The Committee also urged the AEC and DOT to 

". . .make a thorough evaluation of the 
feasibility and desirability of unit trans- 
portation.for rail shipments of spent fuel 
and high level radioactive waste."B/ 

In the new draft statement the Commission should thoroughly 

review these recommendations and address the issues raised 

therein. 

39' Id. at 4 8 .  

40/ Id. at 50. 

- -  

.- - 
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5. All Aspects Of Spent Fuel Reprocessing 
Operations Must Be Fully Considered 

The bulk of the radioactive wastes 'I. . .are created 
at the reactor as fission products within the fuel elements, 

but separated and packaged elsewhere in a spent fuel reprocessing 

plant." (p. 2 . 2 - 4 )  The fission products are released from 

the fuel rod matrix and separated from plutonium and unconsumed 

uranium at the spent fuel reprocessing plant by the so-called 

cut and leach procedure. (p.,. 2.2-5) This processing of spent 

fuel is an integral part of radioactive waste management. As 

we have already emphasized, not to consider fully the environ- 

mental and other costs of the spent fuel reprocessing step of 

radioactive waste management seriously detracts from the value 

of this draft programmatic environmental statement. 

In sections 1 and' 2 above, we pointed out several matters 

pertaining to fuel reprocessing that need to be discussed in 

much greater detail and more comprehensively than the treatments 

in this draft statement. These issues include defining high-level 

wastes, the decommissioning of reprocessing plants, the timing 

of the solidification of high-level liquid wastes, and the 

proposed principal design criteria and "as low as practicable" 

criteria for reprocessing facilities. In section V below we 

consider two major alternatives to current reprocessing practices: 

simply storing spent fuel assemblies with no reprocessing and, 

alternatively, the efficient partitioning of transuranic elements 

for transmutation in nuclear reactors. 

There are two other important issues relating to spent 

fuel reprocessing that need full elaboration in the draft statement. 
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The first is the routine practice of releasing krypton gas and 

tritium at reprocessing plants;- 41/ the second is the use of 

by-product plutonium in the fuel for nuclear power reactors 

("plutonium recycle") . 

a. Release of Noble Gases and Tritium 
at Spent Fuel Reprocessing Plants 

Because reprocessing plants will account for almost all 

of the krypton released into the environment from nuclear power 

development , - 42/ this draft programmatic statement should evaluate 

in detail the possible cumulative and health effects of these 

releases compared to the costs of containing and storing the 

noble gases. 

The U . S .  Environmental Protection Agency in a recent 

report estimated that "[olperations of the U . S .  nuclear power 

industry through the year 2000 could result in a total worldwide 

population impact (i.e., cumulative potential health effects) 

of about 7,000 health effects [two-thirds fatal]. . .attributable 
to the release of krypton-85." In addition, EPA projects about 

another 3,000 health effects (two-third fatal) due to the release 

of tritium.43' The EPA study concluded, based upon the estimate 

4L/  We wish to stress here that other routine and accidental re- 
leases of radionuclides to the environment from reprocessing faci- 
lities need to be fully analyzed in the new draft statement also. 
The actinides and iodine are the most notable of these other 
radioactive waste pollutants. 

- 

42/ Nichols and Binford, "Status of Noble Gas Removal and 
Disposal," OWL-TM-3515, p. 2 (August 1971). 

- 43/ EPA, Environmental Radiation Dose Comnitment: An Application 
To The Nuclear Power Industry, EPA-520/4-73-002, p. 2 2  (February 
1 9 7 4 ) .  (The terminology "health effects" refers only to certain 
serious genetic effects and cancer. Id. at 9 . )  (Hereinafter 
"Dose Commitment". ) 

- 

- 
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of health effects,that "the future impact of the release of 

krypton-85, especially if other releases around the world are 

added to these estimates, is sufficiently large that active 

consideration should be given to controls to limit releases of 

4/ this radionuclide. 'I- 

This assessment of the potential gravity of the problem 

is not confined to the EPA. For instance, O W L  scientists 

have estimated ". . .that continued (worldwide1 release of 85Kr 
through the year 2000 would cause skin dose rates from 85Kr 

exposure that are about 5% of the dose rate that is a consequence 

of natural background radiation. Calculations by a scientist 

at the Pacific Northwest Laboratory of Battelle Memorial Institute 

indicates that by the year 2050 the build up of krypton from 

U.S. fuel reprocessing facilities could result in the general 

population receiving 4 %  of the annual genetic dose limit and 

10% of the skin dose limit recommended by the International 

Commission on Radiological Protection.- 46/ 

release of the noble gases alone, particularly the radioisotope 

Thus, the continued 

krypton-85, could result' in much higher radiation doses than 

those due to the routine release of all radionuclides from 

44/ Id. at 28. 

45/ Nichols and Binford, op. cit., p. 9 .  

46/ 
Atmosphere," in IAEA, Environmental Aspects of Nuclear Power. 
Stations, p. 237 (1971). 

- -  
- 

M.M. Hendrickson, "The Dose From 85Kr Released to the Earth's 
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4 7/ from nuclear power plants.- 

There seems to be little doubt that krypton gas can be 

captured and contained at reprocessing plants. The EPA reported 

that control methods have been proposed that would reduce the 

amount of krypton-85 released from spent fuel reprocessing plants 

by a factor of 1000.- 4a/ 

"there are two processes in an advanced state of development 

that appear to be capable of reliably recovering up to 99.9% 

of xenon and krypton from effluents of reactors and fuel repro- 

cessing plants."B/ 

proceedings for nuclear power plants, a commercial firm stated 

The 1971 ORNL study reported that 

More recently, in the "as low as practical" 

that, 

"[alt this time, Airco Cryoplants and 
others will uarantee a decontamination 
factor of 109 for krypton, and in our 
development work have measured decon- 
tamination factors greater than 10 . 6 IS&/ 

Furthermore, we observe that the AEC, in its draft environmental 

statement (WASH-1535, March 1974) on the proposed liquid metal 

fast breeder reactor program, states that 'I [slelective-absorption 

- 47/ It is particularly important that radiation exposures be 
calculated in man-rems in the new draft statement. This is 
necessary in order to give a clear perspective on the total 
number of adverse health effects that may result. Exposures to 
relatively high-levels of radiation from krypton-85 is a striking 
case in point. Assuming an eventual build up of krypton from 
reprocessing plants to a level such that each member of the 
general population received -30 rems and a world population of 
8 billion at that time, then the total man-rems would be over 2 
billion, a truly large figure. 

- 48/ "Dose Commitment," p. 22. 

- 49/ Nichols and Binford, op. cit., p. 31. 

=tion: Numerical Guides for Desiyn Objectives and Limiting 
Conditions f o r  Operation to Meet the Critcri on "As  Low As Practicable" 
-__- €or liadioacti vc -___ Material in ~ h ~ ~ l a t c r - C o o l c d  __- Nuclcar-l"ower I_ Redctor 
--- Effluents, W A S H - 1 2 5 8 ,  Volume 3 ,  p. 64 (July 1 9 7 3 ) .  

SO/ AEC, Final Environmental Statement , Proposed Rule Making 

- _---- - -- 
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in a fluorocarbon solvent is an effective method for removing 

the noble gases krypton and xenon from gaseous effluents [in 

fuel reprocessing plants]. . . . I '  (WASH-1535, p. 4.4-37) 

(footnote deleted) The LMFBR draft programmatic statement also 

sta%es that the cylinders of the concentrated gases would be 

shipped to a "Noble Gas Storage Facility." (WASH-1535, p. 4.5-48) 

The programmatic statement on radioactive wastes should go into 

much more detail than the short description in the LMFBR state- 

ment (WASH-1535, pp. 4.6-59 through 4.6-67) to describe fully 

the hazards in transporting pressured cylinders of noble gases 

and the likely location and characteristics of the NGSF. On 

the other hand, if the AEC for some reason has changed its mind 

since the publication of the LMFBR draft statement about the 

need for containing and storing the noble gases from reprocessing 

plants, then the new draft statement on waste management should 

give full justification for such a new policy. 

The LMFBR draft statement also discusses the possibility 

that the bulk of the tritium in spent fuels may be collected 

prior to reprocessing by alternative processes that are now 

under development. (WASH-1535, p. 4.4-48) The draft statement 

on radioactive waste management should thoroughly discuss this 

potential improvement in spent fuel reprocessing and indicate 

how and where the resulting concentrated solutions of tritium 

would be stored. 

b. Plutonium Recycle 

The draft statement sets out at the very beginning the 

AEC's official position that spent fuel reprocessing is required 
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because of 'I favorable" economics. For instance , the second 
page of text begins as follows: 

"The generation of electric power by 
nuclear reactors requires a number of 
support activities which are known 
collectively (with reactor operation) 
as the nuclear fuel cycle. For the 
type of nuclear power reactor most 
common in the U.S., this cycle in- 
volves. . .chemical processing of 
irradiated fuel to recover unused 
uranium, and plutonium generated in 
the reactor. . .recycling of uranium 
and (prospectively) plutonium. . . . 'I 
(p. 1.2-1) (emphasis added) 

A few pages on in the statement this point is reemphasized as 

follows : 

"TO conserve this valuable [unburned 
fissile] material and the remaining 
fertile material, economics dictate 
that the fuel be reprocessed to re- 
cover these materials." (p. 2.2-5) 
(emphasis added) 

We emphatically disagree with both the philosophy and 

the economic calculations that are presumably behind such mis- 

leading statements. First, the purported economic benefits of 

recovering and utilizing the fissile and fertile materials in 

spent fuels, even if correctly calculated, do not ''require" or 

"dictate" any particular course of action. Rather, these 

economic benefits are just that -- economic benefits that must 

be compared to all costs, including environmental costs and 

possible loss of civil liberties, and to the costs and benefits 

51/ Although the draft statement does not make it clear, it 
is actually the recycle of plutonium that makes spent fuel re- 
processing economically attractive. "Recovery and recycle o€ 
uranium are not now economically feasible unless plutonium is 
also recycled, since the cost of recovery exceeds the value of 
the uranium." (WASH-1327, p. S-14.) 

- 
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of other possible courses of action, such as permanently storing 

spent fuel assemblies instead of reprocessing. As we have 

stated on a previous occasion, in comments on the LMFBR draft 

programmatic statement,- 5 2/ 

"[ilt is well known that cost-benefit 
analysis was not designed to make 
judgments about the fair distribution 
of economic well-being, either between 
people living in the present or between 
people living in different generations 
of tirne.53/ Consequently, cost-benefit 
analysisis most appropriate for evalua- 
t i n g  decisions whose p o t e n t i a l  e f f e c t s  
have little impact on distribution.54/" - 

Second, even using AEC figures, there is little economic 

benefit in recycling plutonium in light water-cooled reactors 

("LWR's"). According to the cost/benefit analysis in the draft 

impact statement , Generic-E~vi-ronmenta_l_Stateme~t-~~Mixed Oxide 

- Fuel (WASH-1327, August 1974) (hereinafter referred to as GESMO), 

the addition of uranium and plutonium recycle would reduce fuel 

cycle costs in 1990 by less than 15%. (WASH-1327, p. S-15) 

Since total fuel cycle costs are only about 25% of the total 

cost of generating electricity at nuclear power plants, the 

economic penalty to the ultimate consumer would be at most only 

a few percent increase in the cost of electricity if spent fuel 

reprocessing did not take place. 

- 52/ Cochran and Tamplin, "NRDC Comments on WASH-1535: Cost- 
Benefit Analysis," submitted to the AEC. 

- 53/ This is analogous to the observation that markets do not 
tell us how wealth should be distributed; they only tell us what 
is an efficient allocation of resources €or a given distribution 
of wealth. 

54/ See Arnold Harberqer, "Three Basic Postulates fox Applied - -, 
Glfare Economi.cs , 'I Joirnal of Economic Literature, Vol. ~ IX, 
No. 3 (Sept. 1971). 
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While spent fuel reprocessing releases large quantities 

of radionuclides, e.g., krypton-85, to the environment, "[plerhaps 

the greatest potential adverse impact of plutonium recycle 

involves the increased exposure of plutonium to theft or sabotage." 

(WASH-1327, p. S-47) The implications of the "plutonium economy" 

are explored at length in Appendix C, "The Plutonium Decision: 

A Report On The Risks Of Plutonium Recycle" by Speth, Tamplin 

and Cochran.55' 

are inextricably interwoven with spent fuel reprocessing and, 

therefore, the generation of high-level and transuranium-contaminated 

The safeguards problem of plutonium recycle 

wastes. The draft statement should make meaningful reference to 

the hazards of plutonium recycle and make explicit reference to 

GESMO. TO do less is to present only a part of the pi'cture. 

In order to understand some of the dimensions of the 

safeguards issue, we simply quote from GESMO some of the measures 

which are now under active consideration to improve current 

safeguards against theft or diversion of plutonium or sabotage 

of nuclear facilities which are "judged" by the AEC to be 

inadequate: 

"1. Minimization or elimination of the 
transportation of plutonium from repro- 
cessing plants to mixed oxide fuel fabri- 
cation facilities which is the operation 
most vulnerable to an attempted act of 
theft or sabotage. To the extent that 
such shipments are minimized or elimina- 
ted, the safeguarding of plutonium would 
be enhanced. This objective could be 
accomplished by locating mixed oxide fuel 

- 55/ See, also, Abrahamson, "NRDC Comments on WASH-1535: Safc- 
guards and Diversion of Special Nuclear Materials," submitted to 
the AEC. 
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fabrication plants in close proximity or 
immediately adjacent to reprocessing plants 
in Integrated Fuel Cycle Facilities. R1- 
though some safeguards advantages of this 
concept are apparent, such a plan would 
require careful analysis of a number of 
social, economic, environmental and poli- 
tical factors. In addition to the elimina- 
tion of a key transportation step, the 
Integrated Fuel Cycle Facility would also 
make it economically possible to provide 
more effective onsite physical protection 
measures for prevention of theft of plu- 
tonium or sabotage. An early evaluation 
of this concept is necessary (while the 
industry is in the evolutionary stage) so 
that decisions can be made before large 
capital investments are required. 
2. Further protection of transportation 
functions by use of massive shipping con- 
tainers, special escorts or convoying 
measures, vehicles hardened against 
attacks, improved communications and 
strengthened response capabilities. 
3 .  Additional hardening of facilities 
through new barrier requirements, new 
surveillance instrumentation and new 
delaying capabilities. 
4 .  Upgrading of operating and guard 
functions through the use of personnel 
security clearance procedures, a Federally 
operated nuclear security system, more 
effective systems for monitoring and 
searching of personnel, and closer liaison 
with law enforcement authorities. 
5. Improving the timeliness and sensitivity 
of the system of internal control and account- 
ability of plutonium. 
6. Use of 'spiked' plutonium* which would be 
less susceptible to theft and would be more 
difficult to manufacture into a nuclear ex- 
plosive because of the required elaborate 
handling procedures." 

* "Spiked" plutonium is plutonium which is combined with radio- 
active material emitting high levels of penetrating radiation. - 
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"Studies on some of these aspects (Federal 
Security Force, threat analysis, personnel 
security clearances, strengthened physical 
protection measures at fixed-sites and in 
transportation, and improved material ac- 
countability methods) are underway and 
other studies (e.g., Integrated Fuel Cycle 
Facilities and 'spiked' plutonium) are 
being initiated." (WASH-1327, p.  S-45)  

We believe that the prospects of establishing a "Federal 

Security Force" to protect hundreds of nuclear power plants, 

spent fuel reprocessing plants, fuel fabrication plants and 

thousands of shipments of radioactive materials, and the 

institution of "personnel security clearance procedures'' and 

"more effective systems for. . .searching personnel" at all of 
these nuclear facilities raises serious questions about the 

possible loss of civil liberties by the employees of utilities, 

manufacturers of nuclear power equipment, and even the plumbers, 

electricians and others who may come in contact with nuclear 

facilities. The prospect of nuclear power at gun point and 

massive use of lie detector tests and background investigations 

on thousands of workers should receive forthright discussion in 

the draft statement concerning the management of commercially- 

generated radioactive wastes. The AEC seriously erred in 

deferring a discussion of the safeguards issue to the final 

statement. (p. 3.1-33) 

c. Solidification of High-Level Wastes 
at Reprocessing Plants 

We have discussed above the need for the draft statement 

to include an analysis of the alternative of solidifying high- 

level liquid wastes immediately after their generation, as was 
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proposed for the Midwest Fuel Recovery Plant, instead of allowing 

for a ten-year storage period during which time the tanks could 

leak and seriously contaminate ground and surface waters. 

Additionally, detailed consideration should be given to requiring 

the solidified wastes to be put into a glass-like form in order 

to minimize the possibility of the wastes escaping during a 

serious transportation accident in route to or in handling at 

a national repository. If techniques are no t  now, or soon 

will not be, available €or fixing the solidified high-level 

wastes into an insoluble matrix, then a clear explanation should 

be given as to why the Waste Solidification Engineering Prototype 

(WSEP) facility at Hanford has not been able to come up with a 

solution during its ten years of operation. (p. 2.3-17) 

Similarly, we believe that there needs to be a fuller 

explanation of, and detailed consideration of alternatives to, 

the proposed Calcine Conversion Facility (CCF). (pp. 2.5-31 

through 2.5-34) In particular there should be an analysis of 

the advantages of establishing such a facility at a commercial 

reprocessing plant in order to maximize the probability of its 

practicality and in order to take fuller advantage of the safety 

of transporting and handling the fixed wastes. 

6. The Management Of Transuranium-Contaminated 
Wastes Needs To Be Discussed In Detail 

The discussion of the proposed federal management of 

radioactive wastes containing more than 10 nanocuries per gram 

of transuranic elements lacks important detail and, as in the 

case of hiqh-level wastes, does not consider the possible 

7 



v .73-59 

-43- 

environmental effects of storing the wastes until they decay to 

innocuous levels. 

a. Definition and Regulation 

As mentioned in section 1II.A.l.b. of these comments, 

above, the draft statement should have described the "administrative 

means" that will be used in practice to "define" wastes containing 

in excess of 10 nanocuries of transuranic elements per gram, 

since it is currently impossible to measure such a low-level 

of alpha activity from the outside of containers. Also, the 

draft statement should have included the proposed new regulations, 

which were available at the time the draft was released,- 

requiring federal custody of such wastes. 

56 / 

The optimum methods for temporarily and permanently storing 

transuranium-contaminated wastes will depend on the extent and 

character of the wastes. In order to plan wisely for their 

management, their chemical, physical and radiological character- 

istics should be predicted as precisely as possible. Regrettably, 

the draft statement fails to do this. For instance, the statement 

vacillates 011 whether or not "hulls" will be treated as high-level 

wastes or as transuranium-contaminated wastes. (pp. 2.4-12, 2.6-8) 

In part, due to the emission of penetrating radiation from hulls, 

this is an important issue. The new draft statement should 

state how the hulls will be treated and present the basis F o r  

that decision in detail. Further, the new draft statement should 

describe the amounts and kinds of wastes, including uranium 

alpha wastes, that will eventually be treated as transuranium- 

contaminated wastes. 

-_ 5G/ 39 Fed. Reg. 32921-29, September 12, 1974. 

\ 
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b. Desirability of Federal Custody 

While it appears that the transuranium-contaminated wastes 

should be more securely contained than they have been in the 

past, the basis €or the decision to stop commercial burial and 

substitute federal custody over the wastes needs full explication 

in the draft statement. For instance, the new draft statement 

should explain why AEC "reassurances as to the absence of any 

near-term problem [concerning t h e  shal low b u r i a l  of plutonium- 

contaminated wastes at N R T S ]  did not f u l l y  satisfy the concern 

of Idaho officials as to the long-term status of the aquifer 

underlying the NRTS." (p. 2 . 4 - 1 0 )  In other words, what was 

the evidence which persuaded the AEC not only to stop burying 

the plutonium-contaminated wastes, but also to dig up 

the existins wastes? And, how does this decision square 

with the AEC's assertion that there is no need to remove 

transuranium-contaminated wastes buried at commercial sites? 

Are the chances of a health problem arising at NRTS greater 

than at existing commercial burial grounds in Kentucky, South 

Carolina, Illinois or New York, where there are considerably 

more moist conditions and not as much soil between the burial 

site and the ground water aquifer? As indicated in the statement 

(p. 2.7-21, there is the possibility of confusion when on the 

one hand the AEC claims that existing deposits of transuranium- 

contaminated wastes in shallow trenches are safely contained and 

then on the other hand it states that there is a need for future 

wastes to be stored in more secure federal facilities. 

The fact is, of course, that the commercial firms' current 

procedure of burying wastes containinq transuranic elements in 
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shallow trenches is wholly unacceptable. The real question is 

not - if the transuranic elements will migrate away from such 

disposal sites, but when. - Bald assertions that "[tlo date, 
there has been no indication of migration of radioactivity from 

any commercial burial site" (p .  2 .4 -3 )  do not squarely face the 

problem . 
Whether or not any indications of transuranic element 

migration are found depends on the types and sensitivities of 

tests that were performed. How far away from a known deposit 

of plutonium were the measurements made? How sensitive were 

the measurements? How many and how systematically made were 

the measurements? Answers to these and other questions need to 

be provided before any significance whatsoever can be attached 

to an unreferenced and unsupported statement that there is no 

indication of movement. This information is needed, furthermore, 

in order to verify initial assessments that ". . .after burial 
the radioactive material in the waste will be retained at the 

site and not migrate from the vicinity of the burial location." 

(p. 2 .4 -2 )  In the following comments on WASH-1535,  the U . S .  

Environmental Protection Agency has stated that detailed studies 

need to be performed in order to determine whether or not the 

sites for commercial burial were selected carefully enough: 

"We have reviewed the engineering and hydro- 
geological reports used for the licensing 
of the existing commercial burial grounds. 
In our view these were preliminary reports 
suitable for identifying potentially accep- 
table burial sites. However, the investiga- 
tions described in these reports did not 
include sufficient detail to, I .  . .demon- 
strate that radioactive waste will not 
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migrate from the site.' Additional detailed 
engineering and hydrogeological studies of 
the type (but certainly smaller in scale) 
made at NRTS and Hanford and conducted over 
a period of years after the burial grounds 
have been in operat ion are necessary t o  
establish that the assumptions made initially 
were indeed valid and that the wastes will 
not migrate from the burial site. The AEC 
should present in the final statement the 
results of any studies which have been con- 
ducted at these commercial burial sites, 
subsequent to the beginning burial opera- 
tions, which would corroborate or validate 
the conclusions reached in the original 
evaluation, 'that wastes will not migrate 
from the sites ' "57/ 

The new draft statement should go into this matter in considerable 

detail in order to substantiate its claims that there is no 

hazard from existing commercial burial sites (p .  2 . 4 - 1 )  and 

that only new transuranium-contaminated wastes need to be 

stored more securely. The new draft should also describe the 

criteria that will determine when "corrective actions'' (p.  2.4-3) 

will be taken to prevent further migration of transuranic 

elements from existing burial grounds and explain who will be 

responsible €or monitoring for such migration during the next 

100,000 or more years. The cost/benefit analysis should present 

figures on the relative costs of removing the existing wastes 

for transfer to federal custody compared to maintaining perpetual 

monitoring. 

The draft statement has a section (p. 2.8-1) on the 

general criteria for selecting a site for the retrievable surface 

storage facility (RSSF) for the solidified high-level wastes. 

- 57/ EPA, "Environmental Statement Comments, Liquid Metal Fast 
Breeder Reactor Proqram," D-AEC-00106-00, p. 24 (April 1974) . 
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It is stated that the principal alternative sites for the RSSF 

". . .are also considered principal alternative sites for 
retrievable storage of commercial transuranium-contaminated 

wastes." (p. 2.8-1) However, the general discussions of the 

advantages and disadvantages of the three sites, NRTS, Hanford 

and NTS, are in terms which refer only to the requirements of 

the RSSF and not in terms of the requirements of the three 

suggested storage means for transuranium-contaminated wastes 

(pp. 2.6-1, 2 . 6 - 6 ) .  It is even left uncertain whether or not 

the high-level and the transuranium-contaminated wastes will 

be stored at the same site. And while the land area requirements 

for the three alternative designs of an RSSF are estimated for 

the year 2000 (Table 3.1.1, p. 3.1-71, for instance, the land 

area requirements for transuranium-contaminated wastes are not 

so quantified. Instead,it is simply stated that there would be 

"some temporary commitment of land." (p. 3.2'5) The question 

is how much land will be required not only in the year 2000,  

but for years far into the future, in the event that a suitable 

geological repository is never found. 

The new draft statement should expressly consider the 

criteria for selecting a means and site for retrievable surface 

storage of transuranium-contaminated wastes an3 rank the three 

principal alternative means and sites in terms of each criterion. 

c. Compaction and Other Treatments 

It is anticipated that some of the transuranium-contaminated 

wastes will be reduced in volume in order to facilitate cheaper 

and easier storage. The draft statement devotes only a few 
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sentences to each of five volume-reduction processes that are 

under development for AEC-generated wastes. (pp. 2.6-16-17) 

There is a longer, but still inadequate, discussion of treatment 

means for  "hulls". (pp. 2.6-18 through 2.6-21) However, this 

section is concluded by the caveat that even if these volume- 

reduction processes were fully developed, they would not be 

suitable for commercially-generated wastes. (p.  2.6-21) A 

six-point program, which apparently has just been initiated, is 

then outlined in only the briefest of terms. The purpose of 

the new program is ". . .to identify, evaluate, and accommodate 
the waste management needs of the nuclear fuel cycle industry, 

per se." (p.  2.6-22) 

In other words, there does not now exist a coordinated 

plan for the satisfactory treatment and interim storage of 

transuranium-contaminated wastes. There is no analysis of how 

much money, manpower and time will be required to complete the 

program which has been initiated. There is no description of 

the goals of the program beyond volume reduction. We wonder 

what wastes will have to be reduced to what volume in order for 

the program to meet its objectives. What are the cost/benefit 

trade-offs for varying degrees of volume reduction? What are 

the environmental effects of the various volume reduction proce- 

dures that are under investigation? What changes in regulations 

would be required to accommodate each process that is being 

studied? 

It is stated that "industrial participation is considered 

the key factor in achieving acceptance of improved transuranic 
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waste processing and packaging." (p. 2.6-22) What administrative 

mechanisms have been set up for this desired industry participa- 

tion? What is industry's financial contribution to the program 

compared to the federal government's share? What opportunities 

are there for environmental and citizen groups to participate 

with industry in establishing the parameters of the volume- 

reduction processes? How will it be determined what levels of 

reduction and what releases of radionuclides to the environment 

are cost justified? The draft statement provides no answers to 

any of these important questions, in part we imagine, because 

the AEC's program is too ill-defined at this point. 

The new draft statement should at least describe the 

detailed guidelines that will be followed in implementing the 

volume-reduction program, and the anticipated time table for 

arriving at acceptable solutions to the various aspects of the 

program. The minimum budgetary requirements for meeting these 

goals should also be indicated. 

B. 

Designs And Sites 

The discussion of alternative designs and sites for the 

proposed retrievable surface storage facility (RSSF) is inadequate 

for decision-making purposes, because there are no detailed 

comparisons of the degree to which each principal alternative 

site and design meet each of the generalized design (pp. 2.5-1-2) 

and siting (pp. 2.8-2 through 2.8-5) criteria. Nor is there 

any clear priority ranking of the basic criteria themselves. 
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Q 

The vague discussions of the relative merits and demerits 

of each principal alternative design and site with respect to 

these generalized criteria provide no detailed comparative basis 

€or the Commission’s consideration in its decision making. 

The new draft statement should provide a clear priority ranking 

of the basic ten design criteria and eleven (not ten as stated) 

siting criteria, and compare, quantitatively wherever possible, 

the relative degree to which each design and site meets each of 

the ranked, general criteria. This is necessary in order to 

provide the Commission with a sound basis €or its selection of 

a particular design and site. 

does not rely on such a sound procedure in its decision making, 

the final decision will be arbitrary, an abuse of its discretion, 

and not consonant with its responsibility for protecting the 

public health and safety. 

To the extent that the Commission 

Beyond this procedural issue, we believe that there are 

numerous highly significant omissions in the analysis of the 

three principal alternative sites and designs for the RSSF. 

For instance, regarding the Hanford site,there is no mention 

that the discharge of large quantities of water from the water- 

cooled basin design may destabilize the large inventory of 

radionuclides that reside in the soil because of the continuing 

practice of using the soil as a radioactive waste dump. 

Another example of a serious deficiency is the omission 

of a discussion concerning the amounts of 

concrete and steel shielding that should be provided in the 

sealed cask design. The design consisting of 2 inches of s tee l  

and 3 8  inches of concrete was chosen “[alfter evaluation of the 

n 
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factors involved. . . . ' I  (p .  2.5-21) However, there is no pre- 

cise consideration of those factors and their relative importance. 

Why not use 1 4  inches of steel and 11 inches of concrete, or 

some other combination? The new draft should provide enough 

information to provide a clear basis €or its selection of a 

particular amount of steel and concrete for each sealed cask. 

In the new draft, careful attention should be paid to 

providing a detailed framework to support the Commission's 

selection of a particular design and site. 

C. 

Waste Repository 

If long-lived radioactive wastes, such as the actinides, 

are produced by the nuclear power industry in large quantities, 

a means €or disposal will have to be found to prevent these 

wastcs from escaping into the human environment for a period 

of time of several hundred thousand years. The storage means 

must be able to resist successfully man's purposeful and acci- 

dental actions, including wars and complete breakdown of social 

order, and natural events. There is no known instance where 

this has been accomplished in the past. Indeed, examples such 

as the Egyptian pyramids, suggest the difficulty in constructing 

a container that will remain inviolable for such extraordinarily 

long periods of time. 

It should have been one of the AEC's primary purposes 

in this draft statement to lay out in great detail the scientific 

basis for its belief ". . .that construction of a GDPP [geological 
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disposal pilot plant]-and successful complction of the pilot 

phase could lead to availability of permanent disposal by two 

or three decades from now." (p .  25-36) The draft statement 

fails entirely to provide any information to support such a 

rosy prediction. Indeed, the available information indicates 

that pessimism about finding a suitable geological formation 

and site is more in order than the AEC's unsubstantiated optimism, 

for in spite of two decades of research and searching, no site 

has even been found f o r  the proposed geological disposal pilot 

plant let alone a permanent repository. 

At the outset, the draft statement proclaims that a 

"basic purpose of this statement is to assess the environmental 

consequences. . .of evaluating geological formations and sites 
for the purpose of developing a repository for permanent dispo- 

sal. . . . ' I  (p. 2.1-1) Given this basic purpose, the paucity 

of information about possibJe geological formations and sites 

is truly astounding. There is not even any description of 

possible formations (other than salt beds) and sites for a 

pilot plant and permanent repository. 

T h e  most information is presented about bedded salt 

deposits, which apparently successive NAS-NRC advisory committees 

have considered the best currently available permanent disposal 

option. The draft states that the basis of the committees' 

recommendations is ". . .the isolation, shielding, heat dissi- 
pation, and self-sealing provided by bedded salt." (p. 2.3-20) 

The only other suggestive statement €or the conclusion that 

bedded salt is acceptable is the unsubstantiated, unrcferenced 
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conclusion that "fuel elements, simulating encapsulated solidified 

high-level wastes, were experimentally stored in a deep bedded 

salt formation for eighteen months without any unusual or 

unexpected effects of radiation or heat upon the salt.'' (p. 2 - 3 - 2 6 ]  

"The results of this experiment, together with other [unspecified] 

data and considerations, led the AEC to conclude that disposal 

in bedded salt formation is a safe and acceptable approach to 

the problem of long-term isolation of solidified high-level 

waste from man's environment." (p. 2 - 3 - 2 7 ]  Thus, this discussion 

consists solely of a conclusion. There is no scientific data 

and analysis that would allow experts to arrive at the same 

conclusion. And because 20 years have elapsed since the first 

NAS-NRC recommendation favoring bedded salt and there still is 

not a pilot repository at a bedded salt deposit, it is especially 

important that the draft statement present the detailed scienti- 

fic basis for its conclusion that bedded salt is safe for permanent 

disposal of long-lived wastes rather than merely asserting it. 

In the end, the AEC apparently expects the reader of 

the draft statement simply to have faith that its conclusions 

are well-founded. This is simply an unacceptable approach 

under NEPA. It is especially unsatisfactory in light of the 

AEC's mismanagement of its own wastes and its inability after 

20 years to locate even one suitable bedded salt deposit for a 

geological disposal pilot plant. 

In this regard, we believe that the new draft statement 

present detailed results of the AEC's investiqation into the 

suitability of bedded salt despoits near Carlsbad, New Ilexjco. 

The statement should particularly address itself to the issue 
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of why the AEC is not moving ahead as fast as possible in 

verifying the acceptability of the Carlsbad site. If there 

are no problems with those salt bed formations, why should an 

expensive, temporary surface storage facility be constructed 

when the NAS-NRC advisory committees have repeatedly endorsed 

the use of bedded salt? If there are site-specific problems 

at Carlsbad, why has the AEC twice selected locations with 

serious site-specific problems? These are important questions 

that deserve forthright answers in the new statement. 

The other geological formations which "appear Ito bel 

possible choices for disposal of high-level wastes. . . I '  arc 

simply named: domed salt, granite and limestone. (p. 2 . 3 - 2 7 )  

There are no references or discussions to explain why these 

formations are considered "promising" candidates for a geological 

disposal pilot plant (p. 2.5-26). And, although it is stated 

that there are also "specific promising sites" for study, they 

are not identified. No information is presented to indicate 

why these unnamed sites are "promising" or where they are. 

Furthermore, there is no discussion of why the three 

types of geological formations that are mentioned as promising 

have been singled out for special investigation and attention. 

Other formations are certainly possible candidates for geological 

disposal. For instance, a U . S .  Geological Survey scientist 

has recently published a paper endorsing research into the 

possibility of using the vadose zone in the Southwest as a 

national radioactive waste repository.-- 58' The new draft should 

58/ Winoqrad, "Radioactive Waste Storage in the A r j  d Zone, I' 
_. Journzl of the American Geophysical Union, p. 884 (Octobcr 1 9 7 4 ) .  
- 
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contain a detailed evaluation of all geological formations 

under consideration for study. 

And, perhaps more importantly, there is no explanation 

of why the AEC is seriously looking at these other formations 

in the face of its strong statements that bedded salt is safe. 

Finally, we observe that there are no detailed criteria 

presented that will guide the AEC in deciding whether or not 

a particular geological disposal pilot plant is suitable €or 

conversion to a permanent repository. Such advanced planning 

should be completed now so that there will be a better under- 

standing of how long it might take to certify a pilot plant as 

safe for a permanent disposal site and what uncertainties might 

remain even after that decision is made. 
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IV 

THE DISCUSSION OF PAST AND PRESENT RADIO- 
ACTIVE WASTe MANAGEMENT ACTIVITIES I N  THE 
ENVIRONMENTAL IMPACT STATEMENT I S  INCOMPLETE 

AND MISLEADING 

The d r a f t  statement f a i l s  t o  d e a l  s y s t e m a t i c a l l y  and 

c a n d i d l y  w i t h  t h e  A E C ' s  e x p e r i e n c e  t o  date i n  t h e  management 

of i t s  own v a s t  amounts of h i g h - l e v e l  and transuranium-con- 

taminated radioactive wastes. This is a serious deficiency 

because  s u r e r  l e s s o n s  can be drawn f r o m  a c t u a l  o p e r a t i n g  

expe r i ence  t h a n  from most g e n e r a l i z e d  p r o j e c t i o n s .  The REC 

e x p e r i e n c e  i s  -- a s  w i t h  a l l  l a r g e  o r g a n i z a t i o n s  -- r e p l e t e  

w i t h  errors o f  judgment? employee l a p s e s ,  c a r e l e s s n e s s ,  f a i l u r e  

t o  abide by r e g u l a t i o n s  and ,  imprudent  e f f o r t s  t o  economize 

and s h o r t c u t .  The d r a f t  s t a t e m e n t  a lso draws m i s l e a d i n g  

c o n c l u s i o n s  from t h e  e x i s t e n c e  o f  t h e  l a r g e  amounts o f  wastes 

which were g e n e r a t e d  by t h e  n a t i o n ' s  weapons program. 
r 

I n  a d d i t i o n ,  t h e  d r a f t  f a i l s  t o  d e a l  w i t h  t h e  e x i s t i n g  

s u b s t a n t i a l  accumula t ion  o f  commercial h i g h - l e v e l  wastes a t  t h e  

Nuclear  F u e l  S e r v i c e s  P l a n t  i n  N e w  York. 

A. The Environmental  S t a t emen t  Does Not 
Accura t e ly  Desc r ibe  The H i s t o r y  O f  The  
Proposed N a t i o n a l  Repos i to ry  A t  Lyons, 
Kansas 

I n  i t s  b r i e f  rev iew of t h e  h i s t o r y  o f  r a d i o a c t i v e  was te  

d i s p o s a l  c o n c e p t s ,  t h e  d r a f t  s t a t e m e n t  p u r p o r t s  t o  d e s c r i b e  t h e  

e f f o r t  t o  deve lop  a bedded s a l t  fo rma t ion  nea r  Lyons, Kansas,  

as a permanent waste r e p o s i t o r y .  S i n c e  t h a t  p r o j e c t  w a s  t h e  
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major  AEC hope f o r  several  y e a r s ,  the unforeseen  s a f e t y  hazards  

w i t h  i t  s u g g e s t  t h a t  extreme c a u t i o n  i s  c a l l e d  f o r  and t h a t  a 

s a t i s f a c t o r y  d i s p o s a l  means f o r  h i g h - l e v e l  r a d i o a c t i v e  wastes 

w i l l  n o t  be  easy  t o  f i n d .  The d r a f t  s t a t e m e n t ,  however, g i v e s  

no h i n t  of  t h e  e r r o r s  o f  judgment and t h e  breakdown t h a t  occu r red  

w i t h  respect t o  t h a t  p roposa l .  As such ,  it p r e s e n t s  a mis leading-  

l y  o p t i m i s t i c  p i c t u r e  o f  o u r  n a t i o n a l  e x p e r i e n c e .  

The s h o r t  d e s c r i p t i o n  i n  t h e  d r a f t  s t a t e m e n t  s u g g e s t s  

t h a t  t h e  AEC was a t  a l l  t i m e s  h i g h l y  t e n t a t i v e  and q u a l i f i e d  

i n  i t s  p r o p o s a l  t h a t  t h e  Lyons, Kansas,  s i t e  might p rov ide  a 

s a t i s f a c t o r y  d i s p o s a l  s i t e  f o r  t h e  n a t i o n ' s  r a d i o a c t i v e  was tes .  

I n  f a c t ,  a f t e r  " s u b s t a n t i a l  i n v e s t i g a t i o n " ,  t h e  AEC i n  1 9 7 1  

c la imed b e f o r e  t h e  J o i n t  Commission on Atomic Energy t h a t  all t h e  

necessa ry  s t u d i e s  f o r  conf i rming  t h e  m i n e ' s  s u i t a b i l i t y  had been 

complete  and t h a t  a demonst ra t ion  p r o j e c t  should  be  c o n s t r u c t e d  

t h e r e .  

However, c i t i z e n s  , s c i e n t i s t s  and o r g a n i z a t i o n s  from Kansas 

a rgued  t h a t  it was premature  t o  p l a c e  a c t u a l  r a d i o a c t i v e  was tes  

i n  t h e  mine and t h a t  a d d i t i o n a l  s t u d i e s  needed t o  be conducted.  

And, i n  f a c t ,  f u r t h e r  a n a l y s i s  proved t h a t  t h e  Lyons s i t e  was 

u n s u i t a b l e .  I n  t h e  words of  one o b s e r v e r :  

"On September 3 0 ,  1971, t h e  AEC r e p o r t e d  
t o  t h e  J C A E  t h a t  c e r t a i n  a d d i t i o n a l  informa- 
t i o n  became a v a i l a b l e ,  a l l  o f  which r a i s e d  
q u e s t i o n s  concern ing  t h e  long-term s a f e t y  
of t h e  Lyons Waste Repos i to ry  -- t h e  long-  
t e r m  o p e r a t i o n s  of t h e  American S a l t  
Company n e a r  t h e  Lyons s i t e ,  and t h e  problems 
o f  p lugging  numerous o i l  and g a s  w e l l s  on 
or  immediately a d j a c e n t  t o  t h e  Lyons s i t e .  
T h i s  l a t e  amendment t o  t h e  assessment  w a s  

3 
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t a k e n  by many c r i t i cs  a s  v i n d i c a t i o n  o f  
t h e i r  d o u b t s . " g /  

I t  may be doubted t h e n  w h e t h e r ,  w i t h o u t  t h e  p r o d d i n g  

of t h o s e  o u t s i d e  c i t i z e n s  and  s c i e n t i s t s ,  t h e  s o l u t i o n  mining  and 

nearby  w e l l s  which made t h e  Lyons s i te  u n s a f e  would have  been d i s -  

c 0 v e r e d . A  review of t h e  e v e n t s  su_rroundi_ng t h e  Lyons, K a n s a s , a f f a i r  

c a n  be found i n  t h e  J u n e ,  1 9 7 1  i s s u e  of t h e  B u l l e t i n  of At0 rn j . c  

60/  S c i e n t i s t s . -  

B. Although The S t a t e m e n t  R e s t s  On The 
Assumption T h a t  Long-Term D i s p o s a l  Means 
W i l l  B e  Found I n  The F o r e s e e a b l e  F u t u r e ,  
The D r a f t  F a i l s  To D i s c u s s  The F a c t  T h a t  
L e s s  I n t e n s i v e  E f f o r t s  Than I n  The P a s t  
A r e  Being  Made To C o n s t r u c t  A T e s t  P r o j e c t  
A t  The P r e s e n t l y  Favored  S i t e  Near 
Carlsbad, N e w  Mexico 

Al though t h e  d r a f t  concedes t h a t  t h e  r e q u i r e d  permanent  

d i s p o s a l  s i t e  h a s  n o t  been  found,  

d e p o s i t s  o r  a n o t h e r  g e o l o g i c a l  f o r m a t i o n  i s  

a c c e p t a b l e  f o r  t h a t  p u r p o s e  i n  o n l y  t w o  or t h r e e  d e c a d e s .  

A E C ' s  p r e s e n t  p l a n  o f  a c t i o n  which i s  n o t  d i s c u s s e d  i n  any  d e t a i l  

i n  t h e  d r a f t ,  raises d o u b t s  a b o u t  t h e  v a 1 i d i t . y  of t h i s  c o n c l u s i o n .  

A f t e r  t h e  f a i l u r e  a t  Lyons,  Kansas ,  t h e  AEC t u r n e d  t o  s a l t  forma- 

t i o n s  n e a r  Carlsbad, N e w  Mexico, as t h e  m o s t  l i k e l y  s i t e  f o r  a 

p i l o t  d i s p o s a l  p r o j e c t .  

r e s o u r c e s  t o  t h e  n e a r - s u r f a c e  s t o r a g e  f a c i l i t i e s  c o n c e p t  or  t o  

it indica tes  t h a t  bedded s a l t  

l i k e l y  t o  p r o v e  

The 

I n  t h e  p a s t  y e a r  -- p e r h a p s  t o  s h i f t  

__ 

59/ 
K n a a c m c n t ,  Ph.D. T h e s i s ,  M a s s a c h u s e t t s  I n s t i t u t e  of Teclinology, 

Kubo, Technology Assessment  o f  High-Level N u c l e a r  Waste 
-&- 
p.  243 (May 1 9 7 3 ) .  

- 60/ S e e  a l so  Hambleton, "The Unsolved Problem of N u c l e a r  Wastes" 
Techno1 o y y  Revj ew, (March-Apri l  1973)  a t  15-19; and Holden , "Nuclear  
Waste: 
p. 2 4 9  ( A p r i l  1 6 ,  1 9 7 2 ) .  

Kansans R i l e d  by AEC P l a n s  f o r  Atom Dump," S c i e n c e  - 1 7 2 ,  
n 
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a l l o w  t h e  development of nearby  f o s s i l  f u e l  depos i t s%/  -- 
AEC's work a t  Ca r l sbad  h a s  bccn brought  t o  a v i r t u a l  h a l t . -  6 2 /  

Although t h e  AEC has  a s s e r t e d  t h a t  it i s  v i g o r o u s l y  

e x p l o r i n g  g e o l o g i c a l  d i s p o s a l  f a c i l i t i e s ,  more d e t a i l  a b o u t  

j u s t  which s i tes  and which o p p o r t u n i t i e s  a re  be ing  exp lo red  and 

t h e  f i n d i n g s  t o  d a t e  a r e  r e q u i r e d  i n  t h e  d r a f t  t o  s u s t a i n  t h e  

p r e d i c t i o n  t h a t  s a t i s f a c t o r y  d i s p o s a l  means w i l l  b e  found i n  

t h e  n e a r  f u t u r e .  T h i s  need f o r  a s s u r a n c e  i s  p a r t i c u l a r l y  g r e a t  

i n  l i g h t  of t h e  s u r p r i s i n g  t e r m i n a t i o n  of  e f f o r t s  a t  Car l sbad .  

C. The D r a f t  S t a t emen t  Does N o t  Desc r ibe  
The Problems Posed By And The P r o j e c t e d  
Management O f  E x i s t i n g  Rad ioac t ive  Wastes 
A t  Commercial Spent  Fue l  Reprocess ing  
P l a n t s  

Management of commercial h igh - l eve l  and t ransuranium-  

contaminated  wastes i s  n o t  e n t i r e l y  a p r o s p e c t i v e  problem. The 

Nuclear  F u e l  S e r v i c e s '  commercial r e p r o c e s s i n g  p l a n t  a t  West 

Val ley ,  New York,has ope ra t ed  for s e v e r a l  yea r s  and genera ted  

some 6 0 0 , 0 0 0  g a l l o n s  o f  h i g h - l e v e l  l i q u i d  was te s ,  which are  

p r e s e n t l y  s t o r e d  i n  t a n k s  on t h e  s i t e .  These wastes w i l l  

p r e s e n t  p a r t i c u l a r l y  t roublesome management c h a l l e n g e s  because  

they  a r e  s t o r e d  as  n e u t r a l  s o l u t i o n s  t h a t  canno t  b e  s o l i d i f i e d  

by t h e  c a l c i n a t i o n  p rocess  developed a t  NRTS. I n  a d d i t i o n ,  t h e  

- 6 1 /  One o f  t h e  o r i g i n a l  c r i t e r i a  f o r  s e l e c t i n g  a s a t i s f a c t o r y  
bedded s a l t  d e p o s i t  f o r  a n a t i o n a l  r e p o s i t o r y  was t h a t  it n o t  be 
n e a r  f o s s i l  f u e l  r e s o u r c e s .  (See. AEC Environmental  S t a t emen t .  
R a d i o a c t i v e  Waste Repos i to ry ,  Lyons, Kansas,  WASH-1503, p .  2 1  
( J u n e  1 9 7 1 ) .  W e  wonder i f  t h i s  c r i t e r i o n  i s  s t i l l  i n  e f f e c t  and 
whether  or  n o t  i t  h a s  f o r e c l o s e d  t h e  u s e  o f  t h e  Car l sbad  s i t e .  

6 2 /  Western I n t e r s t a t e  N u c l e a r  Board, W I N B  Developments ( J u n e  
1 4 ,  1 9 7 4 ,  p. 3 ) .  
- 
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general discussion of waste management at reprocessing plants 

in the draft statement apparently does not apply to the existing 

wastes at NFS because the regulations promulgated at Appendix 

F of 10 C.F.R. Part 50, which prescribe the handling of high- 

level wastes, specifically do not apply to existing commercial 

fuel reprocessing plants. The omission of this entire subject 

is a serious inadequacy in the draft. The new draft should 

explicitly describe how and when the existing high-level liquid 

wastes at NFS will be solidified and transported to a federal 

repository. 

Furthermore, the new draft should address the same issues 

as they pertain to the Barnwell reprocessing plant which is 

nearing completion. 

D. The Conclusions Drawn In The Draft From 
The Fact Of And AEC Experience With High- 
Level And Transuranium-Contaminated Wastes 
Generated In The Nation's Weapons Program 
Are Incorrect And Misleading 

In a number of places, the draft improperly suggests that 

the AEC experience with management of weapons-generated wastes is 

a basis for optimism concerning prospective management of commercial 

wastes. A s  discussed above with respect to the draft's conclusion 

regarding water-cooled basins, the AEC's experience to date with 

high-level and transuranium-contaminated waste management is an 

important reference point for projections into the future. 

Unfortunately, we find that experience far from comforting. The 

draft is seriously deficient in failing adequately to deal with 
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o r  even admit t o  p a s t  errors. The i n c i d e n t s  a t  Hanford s u c h  a s  

t h e  d i s p o s a l  o f  s u c h  l a r g e  q u a n t i t i e s  o f  p lu tonium i n t o  t h e  

e a r t h e n  t r e n c h  2 - 9 , g '  t h a t  a n u c l e a r  c h a i n  r e a c t i o n  i n  it was 

once t h o u g h t  be be "conceivable" and t h e  50-day l e a k  of 1 1 5 , 0 0 0  

g a l l o n s o f  h i g h - l e v e l  l i q u i d  wastes i n t o  t h e  s u r r o u n d i n g  s o i l  

f rom t a n k  106-Tfi' s h o u l d  be a n a l y z e d  f o r  t h e i r  b e a r i n g  on  t h e  

s o r t  of management m i s t a k e s  and  a c c i d e n t s  which may a r i se  i n  

t h e  f u t u r e .  The Commission can n o t  r e a s o n a b l y  r e l y  on  a n  

a s s u m p t i o n  t h a t  no  s u c h  s e r i o u s  m i s t a k e s  o r  a c c i d e n t s  w i l l  

o c c u r  a g a i n .  The d r a f t ,  moreover, c a n n o t  f a i r l y  draw o n l y  

h i g h l y  f a v o r a b l e  c o n c l u s i o n s  from what  i s  i n  f a c t  a c h e c k e r e d  

p a s t .  - 6 5' 

To i n d i c a t e  t h a t  t h e r e  are p o t e n t i a l  u n c e r t a i n t i e s  even  

w l i h  s t o r a y e  scliemes t h a t  r e l y  upon "proven" t e c h n o l o g y ,  i t  is  

w o r t h  c o n s i d e r i n g  t h e  underground t a n k  s y s t e m  a t  Hanford.  P r i o r  

t o  t h e  c o n s t r u c t i o n  o f  t h e  s t o r a g e  t a n k s  a t  Hanford ,  a l k a l i n e  

w a s t e s  had been  s a t i s f a c t o r i l y  s tored i n  c a r b o n  s teel  t a n k s  fo r  

63/ See, (1) A X ,  Envi ronmenta l  S t a t e m e n t ,  Contaminated S o i l  R e -  
moval F a c i l i t y ,  WASH-1520 ( A p r i l  1 9 7 2 ) ;  ( 2 )  A t l a n t i c  R i c h f i e l d  
Hanford Company, N u c l e a r  R e a c t i v i t y  Evaluat j .ons of 216-2-9  Enclosed  
T r e n c h ,  ARH-2915 (December 1 9 7 3 ) ;  and  ( 3 )  Ames, B a t t e l l e  P a c i f i c  
Nor thwes t  L a b o r a t o r i e s ,  C h a r a c t e r i z a t i o n  of  A c t i n i d e  B e a r i n g  S o i l s :  
TbpSixty C e n t i m e t e r s  o f  216-2-9 Enclosed  Trench ,  BNWL-1812 ( F e b r u a r y  
1 9 7 4 ) .  

- 64,' See ,  AEC, R e p o r t  on t h e  I n v e s t i q a t i o n  o f  t h e  106-T Tank T , e 2  k 
a t  t h e  Hanford R e s e r v a t i o n  ( J u l y  1 9 7 3 ) .  

65/Another s e r i o u s  error i n  judgment o c c u r r e d  when t h e  AEC p e r m i t t e d  
p l u t o n i u m - b e a r i n g  wastes t o  be b u r i e d  i n  s h a l l o w  t r e n c h e s  a t  NRTS 
i n  I d a h o .  N o w  t h e s e  wastes have t o  b e  removed and  s t o r e d  a t  g r e a t  
c o s t  and  e f f o r t .  ( p .  2.4-10) .  
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s h o r t  p e r i o d s  o f  t i m e .  Thus, carbon steel  t a n k s  were i n s t a l l e d  

a t  Hanford 

' I .  . . because  b o t h  a l k a l i n e  waste s t o r a g e  
technology was developed and expe r i ence  
w i t h  it had been s a t i s f a c t o r y .  "66/ - 

Cont ra ry  t o  expec ta t ion ,however , ,  some o f  t h e  s i n g l e -  

wa l l ed  t a n k s  began to  l e a k  s h o r t l y  a f t e r  t hey  w e r e  used.  There 

have now been 16  such  l e a k s  i n  t h e  underground s t o r a g e  t a n k s ,  

and s e v e r a l  l e a k s  i n  pipes connec t ing  t h e  t a n k s ,  i n c l u d i n g  one  

t h a t  r e s u l t e d  i n  h i g h - l e v e l  wastes s p r e a d i n g  o u t  ove r  t h e  ground 

s u r f a c e .  Approximately 500 ,000  g a l l o n s  o f  h igh - l eve l  l i q u i d  

wastes have now seeped  i n t o  t h e  Hanford s o i l  from t h e s e  l e a k s .  

It  i s  f u l l y  a n t i c i p a t e d  t h a t  l e a k s  w i l l  c o n t i n u e  t o  occur  a t  

a s i g n i f i c a n t  f requency .  

T h e  l e a k s ,  which began i n  t h e  l a t t e r  p a r t  of  t h e  f i f t i e s ,  

have caused s e r i o u s  problems t h a t  c o n t i n u e  today .  The  General  

Accounting O f f i c e  h a s  completed two i n v e s t i g a t i o n s  t h a t  c o n s i d e r  

t h e  waste management program a t  Hanford.67' A f t e r  t h e  f i r s t  

i n v e s t i g a t i o n ,  t h e  GAO concluded t h a t  t h e  s i t u a t i o n  appeared  

t o  be  r each ing  a p a r t i c u l a r l y  hazardous  p o i n t  toward t h e  end 

o f  1969: 

" A t  t h e  t i m e  of  o u r  rev iew,  Richland  w a s  
f aced  w i t h  a p o t e n t i a l l y  s e r i o u s  s i t u a t i o n  

66/ - Wm. L. Lennemann, "Management of  Rad ioac t ive  Aqueous Wastes 
From U.S. A t o m i c  Energy Commission's Fue l  Reprocessing Opera t ions ,  
Exper ience  and P lann ing , "  p r e s e n t e d  a t  t h e  Symposium on t h e  Manaqe-- 
m e n t  of Rad ioac t ive  Wastes, Pa r i s ,  France ,  November 2 7  t o  December 
1, 1 9 7 2 ,  p. 13.  
67/ ( a )  Genera l  Accounting O f f i c e ,  Obse rva t ions  ~- Concerning The  
Management Of High-Level Rad ioac t ive  W a s L e  Material (B-1640523-, May 
2 9 ,  1968 .  ( H e r e i n a f t e r  "Obse rva t ions" . )  

grams For Managing Hiqh-Level Rad ioac t ive  -- Wastes (B-164052) , i K u a r y  
2 9 ,  1371. ( H e r e l n a f t c r  "P rogres s" . )  

- 

( b )  Genera l  Accounting O f f i c e ,  P r o g r e s s  And Problems I n  Pro-  - 
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w i t h  r e s p e c t  t o  t h e  c o n d i t i o n s  of i t s  
e x i s t i n g  t anks .  The o p e r a t i n g  c o n t r a c t o r  
h a s  e s t i m a t e d  t h a t  t h e  expec ted  L i f e  of 
t h e  20 Richland t a n k s  equipped t o  accom- 
modate s e l f - b o i l i n g  wastes i s  probably 
no more than  2 0  y e a r s  or could  b e  a s  l i t t l e  
as 1 0  t o  1 5  y e a r s .  Eleven o f  t h e  20  t a n k s  
have been i n  s e r v i c e  f o r  1 0  y e a r s  o r  more. 
F u r t h e r ,  recent s t u d i e s  have cast  doubt  
upon t h e  wisdom of r e u s i n g  such  t anks  a f t e r  
t hey  have been emptied,  r e g a r d l e s s  of t h e i r  
age .  I n  t h i s  r e g a r d ,  it appea r s  t h a t  i n  t h e  
l a s t  h a l f  o f  1969, Richland may b e  conf ron ted  
w i t h  a s i t u a t i o n  of having  o n l y  used t a n k s  
a v a i l a b l e  as  s p a r e  t a n k s  f o r  h igh - l eve l  
s e l f - b o i l i n g  waste s torage ."68/  - 

The p r i n c i p a l  p o i n t  t h a t  w e  wish t o  make h e r e  i s  t h a t  a t  

t h e  t i m e  t h a t  t h e  combination of  a l k a l i n e  wastes and carbon 

s teel  t a n k s  w a s  s e l e c t e d ,  it w a s  b e l i e v e d  t h a t  "proven" 

technology was be ing  a p p l i e d  t o  t h e  s o l u t i o n  of  a v e r y  s e r i o u s  

problem -- t h e  s a f e  s t o r a g e  of  l a r g e  q u a n t i t i e s  of l i q u i d  high-  

l e v e l  wastes. C l e a r l y ,  however, a c o s t l y  error i n  judgment was 

made. I t  is now b e l i e v e d  t h a t  ano the r  s t o r a g e  system should 

have been chosen: 

"Longer t a n k  service life, s i g n i f i c a n t l y  
s m a l l e r  q u a n t i t i e s  of was te ,  bet ter  feed 
f o r  f u r t h e r  t r e a t m e n t ,  and cost  a n a l y s e s  
a l l  i n d i c a t e  t h a t ,  fo r  t o d a y ' s  f u e l  re- 
p rocess ing  technology,  a c i d  waste  s t o r a g e  
i s  p r e f e r a b l e .  " - 69/  

As i n d i c a t e d  i n  t h e  above s t a t e m e n t ,  t h e  p roduc t ion  of 

wastes has  compl ica ted  t h e  lo r .g - t e rn3 '  .waste s t o r a g e  problem 

a t  Hanford because  t echn iques  are n o t  now a v a i l a b l e  t o  conve r t  the 

h i g h - s a l t  c o n t e n t  ( a l k a l i n e )  wastes i n t o  a manageable s o l i d .  The  

- 68/  "Observa t ions"  , p. 1 2 .  

- 6 9 /  _- Lennemann, 2. g .  p. 13 .  

- I O /  I n  t h i s  case, "long-term" means a t i m e  pe r iod  g r e a t e r  thzn  
a f e w  decades.  
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c u r r e n t  p r a c t i c e  of e v a p o r a t i n g  t h e  l i q u i d  i n t o  a s a l t  cake /  

s l u d g e  i s  o n l y  d e s i r a b l e  i n  t h e  s h o r t  term, because  i t  r e d u c e s  

t h e  p o s s i b i l i t y  f o r  a d d i t i o n a l  l a r g e  l e a k a g e s  o f  was te .  Un- 

f o r t u n a t e l y ,  i t  c o m p l i c a t e s  t h e  problem of f i n d i n g  a way t o  

c o n t a i n  a d e q u a t e l y  t h e  w a s t e s  f o r  t h e  n e x t  s e v e r a l  thousand, 

y e a r s ,  f o r  t h e  t a n k s  w i l l  comple t e ly  lose t h e i r  i n t e g r i t y  long  

b e f o r e  t h e n .  

The o p t i o n  of s imply  d i g g i n g  t h e  s a l t  cake / s ludge  o u t  of 

t h e  t a n k s  and  t r a n s p o r t i n g  them t o  a permanent s t o r a g e  s i t e  i s  

economica l ly  v e r y  u n a t t r a c t i v e ,  a s  i n d i c a t e d  by t h e  GAO a f t e r  

t h e  second i n v e s t i g a t i o n :  

"AEC informed u s  t h a t  t h e  Lyons l o c a t i o n  
p robab ly  c o u l d  be  used  f o r  long- te rm 
s t o r a g e  of AEC's h i g h - l e v e l  r a d i o a c t i v e  

. wastes; however, because  of t h e  e s t i m a t e d  
h i g h  cost  ( p r e l i m i n a r y  e s t j -ma tes  are i n  
t h e  r a n g e  o f  $1.5 t o  2 b i l l i o n )  of 
p r o c e s s i n g ,  packaging ,  and s h i p p i n g  t h e  
wastes f r o m  Richl.and and Savannah R i v e r  
t o  Lyons, e f f o r t s  are  under  way t o  de- 
t e r m i n e  whether  s u i t a b l e  long- t e rm-s to rage  
l o c a t i o n s  and methods c a n  be developed  a t  
t h e  t w o  AEC s i tes .  A E C  b e l i e v e s  t h a t  t h e  
cost of e x p l o r i n g  and deve lop ing  a long-  
t e r m - s t o r a g e  method a t  t h e s e  s i t e s  i s  
j u s t i f i e d ,  because  of t h e  p o t e n t i a l  ex- 
pense  o f  s h i p p i n g  t h e  l a r g e  q u a n t i t i e s  o f  
w a s t e  a t  these s i tes  t o  a n o t h e r  l o c a t i o n .  
AEC a d v i s e d  u s  t h a t  it probah ly  would n o t  
be economica l ly  a t t r a c t i v e  f o r  a commercial 
p l a n t  t o  make s i m i l a r  s t u d i e s  f o r  i t s  own 
locat  ion .  " G/ 

Apparen t ly  t h e  b e s t  t h a t  c a n  be done now i s  t o  t r y  t o  f i n d  a 

s a t i s f a c t o r y  way of s t a b i l i z i n g  thc w a s t e s  i n  t h e  underground 

t a n k s .  R e g a r d l c s s  o f  t h e  m e r i t s  o f  any p rocedure  t h a t  is 

f i n a l l y  s e l e c t e d ,  however, we know t h a t  i t  would n o t  hnvc bccn 
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chosen in open competition with alternatives that are not 

applicable to the IIanford wastes because of previous decisions. 

Thus, not only were the short-term storage requirements not 

satisfactorily met when a "proven" technology was adopted, but 

the long-term storage problem was exacerbated in the process. 

Perhaps more disturbing, yet, are suggestions in the 

draft that the fact that large quantities of waste from the 

weapons program already exist is a reason in itself not to 

consider seriously the option of not generating commercial wastes. 

Thus the draft suggests that even if no future wastes were 

to be generated "[tlhere would still be a need to develop 

permanent geological disposal . . ." for existing waste and 
waste to be generated in the weapons program. This suggestion 

is misleadilij. Hliili ii is true t h a t  yerxndnerit disposal means 

must be developed for existing weapons-generated waste, it is 

not true as implicitly suggested that that effort will be largely 

the same as or suffice for disposal of commercially-generated 

waste. The bulk of the nation's weavons proqram waste is at 

Hanford, Washington. As indicated above, it is unlikely that 

those wastes will ever be removed from Hanford. 

For prospective commercially-generated radioactive wastes, 

which will be solidified into manageable form, however, the effort 

will be to find the best available geological or other disposal 

means, which undoubtedly will not bc near-surface storage tanks 

at Hanford. Thus, the problem of permanently disposing of 

existing weapons program waste is significantly different from the 
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prohlcm posed by commercially-generated wastes. 

that the AEC find a disposal means for the wastes at Ilanford 

does not of itself mean that a satisfactory solution will be 

found for the permanent disposal of commercially-generated wastes. 

The requirement 
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THE DISCUSSION OF MAJOR ALTERNATIVE 
RADIOACTIVE WASTE MANAGEMENT PROCEDURES 
I N  THE DRAFT ENVIRONMENTAL IMPACT STATE- 

MENT I S  WHOLLY INADEQUATE 

By nar rowly  l i m i t i n g  t h e  r ange  o f  t o p i c s  cons ide red  

i n  t h e  d r a f t  statement, major a l t e r n a t i v e  courses of ac t ion  

w e r e  g iven  no o r  v e r y  l i t t l e  c o n s i d e r a t i o n . -  7 2 /  I n  p a r t i c u l a r ,  

w e  b e l i e v e  t h a t  t h e  new d r a f t  s t a t e m e n t  should  tho rough ly  

e v a l u a t e  a t  l eas t  t h e  fo l lowing  t h r e e  p o t e n t i a l l y  more a t t r a c t i v e  

o p t i o n s :  

o f  t h e  long- l ived  a c t i n i d e - b e a r i n g  wastes and r e t r i e v a b l e  g e o l o g i c a l  

d i s p o s a l  o f  s p e n t  f u e l  assemblies and t r a n s m u t a t i o n  

s t o r a g e .  
A. The Environmental  S ta tement  Does Not 

Adequately Cons ider  The P o s s i b i l i t y  
O f  N o t  Reprocessing Spent  F u e l s  

The p r i n c i p a l  r e a s o n  f o r  t h e  proposed r a p i d  c o n s t r u c t i o n  of 

a n  enq inee red  s u r f a c e  s t o r a g e  f a c i l i t y  (p. 1.2-17) i s  t h e  pos- 

s i b l e  s t a r t  o f  one  or two s p e n t  f u e l  r e p r o c e s s i n g  p l a n t s  w i t h i n  

t h e  n e x t  t h r e e  o r  f o u r  years . -  73 / 

One major  a l t e r n a t i v e  t o  t h i s  proposed c o u r s e  of a c t i o n  

i s  t h e  d i s p o s a l  or  permanent s t o r a g e  of  s p e n t  f u e l  a s s e m b l i e s ,  

t h e r e b y  s imply fo rego ing  t h e  r e p r o c e s s i n g  and management of 

s o l i d i f i e d  h i g h - l e v e l  waste s t e p s .  S u r p r i s i n g l y ,  t h i s  a t t r a c t i v e  

o p t i o n  i s  n o t  cons ide red  i n  S e c t i o n  5 on a l t e r n a t i v e s .  (pp.  

72/ In a d d i t i o n  t o  t h e  t h r e e  major a l t e r n a t i v e s  d i s c u s s e d  h e r e ,  the 
n e w  d r a f t  s t a t e m e n t  should  thoroughly  c o n s i d e r  t h e  advantages  of 
n u c l e a r  p a r k s  f o r  waste s t o r a g e .  See, f o r  i n s t a n c e ,  Wi-negardner 
and Kaser, Rad ioac t ive  Waste Management For Nuclear  Energy C e n t e r  - 
- D r a f t  Appendix G-, BNWL-B-334 ( Janua ry  1 9 7 4 ) .  

-- 

-- 73/ Nuclear  Assurance Corpora t ion ,  Spent  Fue l  S t o r a g e  C a p a b i l i t y  
I n  T h e  USA,  pp.  3 ,  4 ( J u l y  1974) .  



v.73-84 

-68- 

5.1-1 e t  s e q . )  However, a c u r s o r y  d i s c u s s i o n  o f  a s i m i l a r  

o p t i o n  d o e s  appear  i n  S e c t i o n  9 ,  which p u r p o r t s  t o  be a cost/ 

b e n e f i t  a n a l y s i s  o f  a l t e r n a t i v e  w a s t e  management programs. (p.  

9.1-15) The o p t i o n  cons ide red  i n  S e c t i o n  9 d i f f e r s  from t h e  

a l t e r n a t i v e  proposed h e r e  i n  t h a t  w e  assume no r e p r o c e s s i n g  and 

permanent s t o r a g e  o f  s p e n t  f u e l  a s s e m b l i e s ,  whereas t h e  S e c t i o n  

9 o p t i o n  assumes t h a t  a sa fe r , economica l  means f o r  r e p r o c e s s i n g  

w i l l  b e  found i n  t h e  f u t u r e  and t h a t  t h e  s t o r e d  s p e n t  f u e l s  w i l l  

t hen  be t r c a t e d  t o  remove plutonium and uranium. While t h e  

l a t t e r  might  be a p o t e n t i a l l y  a t t r a c t i v e  a l t e r n a t i v e , -  74’ t h e  

p o s s i b i l i t y  o f  neve r  r e p r o c e s s i n g  should  a l s o  b e  e v a l u a t e d  i n  

d e t a i l .  

-- 

The d r a f t  s t a t e m e n t  b a s i c a l l y  ra ises  t h r e e  o b j e c t i o n s  t o  

thc-. permanent s t o r a g e  ot s p e n t  t u e l  assemblies. F i r s t ,  n o t  

u s i n g  p l u t o n j u n  i n  f u e l  would r e s u l t  i n  i n c r e a s e d  uranium mining,  

m i l l i n g ,  enr ichment ,  and f u e l  f a b r i c a t i o n ,  i f  t h e  amount of 

e l e c t r i c i t y  g e n e r a t e d  a t  uranium-fueled n u c l e a r  f i s s i o n  p l a n t s  

i s  h e l d  c o n s t a n t .  Second, i n d u s t r y  inves tmen t s  i n  s p e n t  f u e l  

r e p r o c e s s i n g  and plutonium f u e l  f a b r i c a t i o n  p l a n t s  and f a c i l i t i e s  

would be  l o s t .  Three ,  t h e r e  wou1.d be s i g n i f i c a n t  c o s t s  a s s o c i a t e d  

w i t h  t h e  c o n s t r u c t i o n  and a d m i n i s t r a t i o n  o f  s t o r a g e  f a c i l i t i e s  

f o r  t h e  s p e n t  f u e l  assemblies. 

We s u b m i t  t h a t  these ob j e k t i o n s ,  i n d i v i d u a l l y  o r  c o l l e c -  

t i v e l y ,  a re  riot p e r s u a s i v e .  As w e  have p o i n t e d  o u t  i n  o u r  

comments on t h e  LMFBR d r a f t  programmatic s t a t e m e n t ,  t h e r e  are  

- 74/ See t h e  d i s c u s s i o n  o f  t r a n s m u t a t i o n  of a c t i n i d e s ,  below. 



V.  73-85 

-69- 

major u n c e r t a i n t i e s  as t o  domestic uranium r e s o u r c e s  .E/ U n t i l  

t h c s e  u n c e r t a i n t i e s  a r e  more f u l l y  r e s o l v e d  it would be unwise,  

i n  ou r  o p i n i o n ,  t o  base a d e c i s i o n  t o  r e p r o c e s s  on  t h e  presumpt ion  

t h a t  t h e  p l u t o n i u m  and unused uranium are  "needed ."  

Regard ing  i n d u s t r y  i n v e s t m e n t s  w e  n o t e  t h a t  by mid-1974 

t h e  General E lec t r ic  Company had ". . . expended $64  m i l l i o n  i n  

t h e  M i d w e s t  F u e l  Recovery P l a n t ,  which c o n t i n u e s  t o  be a non- 

o p e r a t i o n a l  f a c i l i t y .  "- 76/ I t  is  e x p e c t e d  t h a t  GE w i l l  s i m p l y  

a c c e p t  t h i s  p l a n t  as a t o t a l  loss and n o t  i n v e s t  t h e  e s t i m a t e d  

a d d i t i o n a l  $100 m i l l i o n  t h a t  may be n e c e s s a r y  t o  make it opera-  

t i o n a l L ' I n t e r v e n o r  g r o u p s  a re  opposed t o  t h e  o p e r a t i o n  o f  t h e  o ther  

t w o  r e p r o c e s s i n g  p l a n t s  t h a t  may become o p e r a t i o n a l  i n  t h e  n e x t  

f e w  y e a r s .  I t  seems e n t i r e l y  p o s s i b l e  t o  u s  t h a t  these p l a n t s  

a l so  may n o t  become o p e r a t i o n a l .  Thus,  whether  o r  n o t  a d c c i s i o n  

i s  made n o t  t o  r e p r o c e s s  e x i s t i n g  and f u t u r e  s p e n t  f u e l s ,  t h e  

i n d u s t r y  h a s  a l r e a d y  t a k e n  a s u b s t a n t i a l  f i n a n c i a l  loss .  T h e  

q u e s t i o n  i s , w h a t  would be t h e  i n c r e m e n t a l  l o s s  compared t o  t h e  

s a v i n g s ?  

The t h i r d  o b j e c t i o n  i s  n o t  p e c u l i a r  t o  t h i s  a l t e r n a t i v e .  

N o  mat ter  what  c o u r s e  of a c t i o n  i s  t a k e n ,  s p e n t  f u e l s  and/or  

- 75/ Cochran and Tamplin,  NRDC Comments on WASH-1535, " C o s t - B e n e f i t  
A n a l y s i s  o f  t h e  U.S. B r e e d e r  Reactor Program," pp. 46-54, s u b m i t t e d  
t o  t h e  AEC. 

- 76/ G e n e r a l  E lec t r ic ,  M i d w e s t  F u e l  Recovery P l a n t ,  T e c h n i c a l  
S tudy  R e p o r t ,  p .  1 ( J u l y  5 ,  1 9 7 4 ) .  
- 77/ K r a m e r ,  "GE H i t s  A Chain  R e a c t i o n  o f  Problems,  May Have To 
Close N u c l e a r  F u e l  F a c i l i t y , "  Wall S t ree t  J o u r n a l ,  p.  3 
(August  2 8 ,  1 9 7 4 ) .  
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solidified high-level wastes will have to be stored in interim 

facilities while a geological or other disposal means is proved 

suitable. Indeed, because of the delay in previously anticipated 

start-up dates for reprocessing plants, a formal proposal to 

construct a commercial centralized storage facility for spent 

fuel assemblies has already been circulated to utilities 
operating nuclear power,plants.- 7 8/ 

The only advantage of this option that is mentioned in 

the draft statement is that the wastes would be contained by 

the "high integrity" f u e l  cladding. (p.  9.1-16) While this is 

an advantage, there are others which are, perhaps, even more 

important. First and foremost, not reprocessing eliminates the 

possibility of future supplies of purified plutonium being 

stolen. This major concern is addressed in Appendix C. Second, 

the routine release of radioactive noble gases, tritium, iodine, 

actinides and other materials from reprocessing facilities 

would be prevented. Third, since water-cooled basins for the 

storage of spent fuel assemblies have already been constructed, 

no new types of facilities will have to be designed, resulting 

in less chance for design error. Fourth, virtually no new 

technology, such as the fixation of solidified wastes into glass, 

would have to be developed. Fifth, the volume and amount of 

transuranium-contamined wastes would be substantially reduced -- 
perhaps enough so that new volume-reduction processes would not 

78/ Nucleonics Week, p.  1 (August 22, 1974). - -  



V.  73-87 

-71- 

have to be developed. Sixth, at least for the next few decade:; 

economic considerations may favor this option. The failure to 

consider this major alternative is a major defect in the draft 

statement. 

B. The Environmental Statement Does Not 
Adequately Consider The Possibility Of 
Temporarily Storing Spent Fuels Until 
Actinide Partitioning And Transmutation 
Are Fully Developed 

The draft statement briefly mentions the possibility of 

separating (partitioning) the long-lived actinide wastes from the 

shorter-lived fission product wastes during reprocessing, and 

then transmuting the purified actinides into shorter-lived 

radionuclides in reactors. In this way, the high-level radio- 

active waste storage problem; .in principle, could he ronverted 

from a million-year problem to a thousand-year one.?' The 

draft statement's cursory discussion includes the assessment 

that this option appears to have potential for "reducing the 

long-term hazards aspect of high-level waste." (p. 5.3-9) How- 

ever, without considering all of the possibilites, the statement 

summarily dismisses transmutation as "a viable alternative for 

retrievable surface storage of high-level radioactive waste" 

(p. 5.3-9) because a significant research and development program 

is needed to make it commercially practicable. The draft state- 

ment should have explicitly considered the possibility of 

temporarily storing spent fuel assemblies until it is commercial- 

ly feasible to partition and transmute the actinide wastes. 

79/ - Kubo and Rose, "Disposal of Nuclear Wastes," Science, 
p. 1205 (Deceri~l~er 21, 1.973) ; and B l o m e k e ,  et -- al. , "Mailaging 
Radioactive Wastes," Physics Today, p.  36  (August 1973). 



V. 73-88 

- 72- 

Furthermore, by pe rmi t t i ng  some reprocess ing  t o  t a k e  p l ace  for 

a s u b s t a n t i a l  per iod  o f  t i m e  wi thout  t h e  e f f i c i e n t  p a r t i t i o n i n g  

of t h e  a c t i n i d e s ,  t h e  p o s s i b i l i t y  e x i s t s ,  depending on a number 

of f a c t o r s ,  t h a t  a n a t i o n a l  r e p o s i t o r y  would have t o  main ta in  

i t s  i n t e g r i t y  €or s e v e r a l  hundred thousand y e a r s ,  even though 

t h i s  advanced r ep rocess ing  technology i s  even tau l ly  developed 

t o  commercial p r a c t i c a l i t y .  I n  o t h e r  words, by n o t  t ak ing  every 

s t e p  now t o  prevent  t h e  gene ra t ion  of s o l i d i f i e d  h igh- leve l  

wastes  con ta in ing  a c t i n i d e s ,  t h e  primary advantage of t h i s  

op t ion  -- reducing t h e  r equ i r ed  s t o r a g e  t i m e  by a thousand f o l d  -- 
may be  e l imina ted .  

C.  The Environmental Statement  Does 
N o t  Consider Cons t ruc t ing  A R e -  
t r i e v a b l e  Geological  S torage  F a c i l i t y  

The d r a f t  s t a t emen t  concludes t h a t  g e o l o g i c a l  d i s p o s a l  

( i n  c o n t r a s t  t o  s t o r a g e )  i s  n o t  now a v i a b l e  a l t e r n a t i v e  t o  t h e  

proposed r e t r i e v a b l e  s u r f a c e  s t o r a g e  f a c i l i t y  because a s u i t a b l e  

s i t e  does n o t  e x i s t  and it w i l l  t a k e  a long t i m e  t o  prove t h e  

s a f e t y  of a s p e c i f i c  geo log ica l  s i t e  once one i s  chosen. 

However, t h e r e  appears  t o  be  no cons ide ra t ion  of developing a 

r e t r i e v a b l e  s t o r a g e  f a c i l i t y  i n  a geo log ica l  formation.  

( p .  5.3-1) 

Since t h e  h igh - l eve l  and transuranium-contaminated wastes  

w i l l ,  i n  a l l  l i k e l i h o o d ,  even tua l ly  be  p laced  i n  a geo log ica l  

formation f o r  d i s p o s a l ,  it would seem t o  be ve ry  advantageous 

t o  e l i m i n a t e  t h e  i n t e r i m  s u r f a c e  s t o r a g e  s t e p  and e s t a b l i s h  

t h e  a c c e p t a b i l i t y  of a geo log ica l  s i t e  a s  soon a s  p o s s i b l e .  W e  

understand t h a t  t h e  AEC'S i n v e s t i q a t i o n  of s a l t  beds 

near  Carlsbad,  N e w  Mexico, i n d i c a t e s  t h a t  t h i s  s i t e  i s  s u i t a b l e  
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€or d i s p o s a l  of  the long- l ived  wastes. I n  o u r  o p i n i o n ,  t h e  

d r a f t  should  s e r i o u s l y  c o n s i d e r  b u i l d i n g  upon t h e  r e s u l t s  o f  t h e s e  

s t u d i e s  by c o n s t r u c t i n g  a re t r ievable  s t o r a g e  f a c i l i t y  w i t h i n  

t h e  bedded s a l t  fo rma t ion .  I n  t h i s  way, i f  t h e  s i te  i n  f a c t  

p roves  t o  b e  a c c e p t a b l e  f o r  d i s p o s a l  ( i . e . ,  no p lanned  r e t r i e v a l )  

o f  l ong- l ived  wastes, t hen  t h e  expense and haza rd  o f  b u i l d i n g  

t h e  more v u l n e r a b l e  s u r f a c e  s t o r a g e  f a c i l i t y  would b e  e l i m i n a t e d .  

I f  t h e  wastes, e i t he r  as  s o l i d i f i e d  h igh - l eve l  wastes or i n t a c t  

s p e n t  fucl assemblies,  can be r e t r i e v a b l y  s t o r e d ,  as w a s  done 

f o r  18  months i n  bedded s a l t  a t  Lyons, w i t h o u t  any a p p a r e n t  

a d v e r s e  e f f e c t s  (p .  2 . 3 - 2 6 ) ,  t hen  t h a t  p o s s i b i l i t y  should  be  

f u r t h e r  exp lo red .  

We see t h r e e  p o s s i b l e  advantages  t o  t h i s  c o u r s e  of  

a c t i o n  o v e r  t h e  RSSF concept .  F i r s t ,  t h e  l e a d i n g  g e o l o g i c a l  

s i t e  would b e  r a p i d l y  s t u d i e d  f o r  i t s  a c c e p t a b i l i t y  a s  a 

d i s p o s a l  f a c i l i t y .  Second, even i f  t h e  was te s  w e r e  e v e n t u a l l y  

sh ipped  t o  a n o t h e r  l o c a t i o n  f o r  d i s p o s a l ,  t hey  may be  more 

s e c u r e l y  s t o r e d  d u r i n g  t h e  i n t e r i m . p e r i o d  than  a t  a s u r f a c e  f a c i l i t y .  

Th i rd ,  i f  t h e  Car l sbad  s i t e  proves  t o  be  s u i t a b l e  f o r  d i s p o s a l ,  t hen  

s i g n i f i c a n t  costs and haza rds  would have been avoided .  The new 

b 

d r a f t  s t a t e m e n t  should  tho rough ly  e v a l u a t e  t h i s  a l t e r n a t i v e ,  

e x p l i c i t l y  e s t i m a t i n g  t h e  c o s t  o f  deve loping  t h e  Car l shad  s i t e  as 

a r e t r i e v a b l e  s t o r a g e  f a c i l i t y  on a t i m e  frame comparable t o  t h e  

proposed development o f  an  eng inee red  s u r f a c e  s t o r a g e  f a c i l i t y .  
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Q 

THE DRAFT ENVIRONMENTAL IMPACT STATE- 
MENT DOES NOT CONTAIN COST-BENEFIT 

ANALYSES 

S e c t i o n  9 of t h e  d r a f t  s t a t e m e n t  i s  e n t i t l e d  "Cost- 

B e n e f i t  Ana lys i s  Of A l t e r n a t i v e s " .  I n e x p l i c a b l y ,  however, 

t h e r e  i s  no c o s t - b e n e f i t  a n a l y s i s  of  t h e  s t a n d a r d  t y p e  i n  t h a t  

s e o t i o n .  T h a t  i s ,  there  i s  no q u a n t i f i c a t i o n - -  i n  d o l l a r s  

and c e n t s  terms -- o f  t h e  re la t ive  f i n a n c i a l  and o t h e r  c o s t s  

of a l t e r n a t i v e  w a s t e  management programs. The d i s c u s s i o n  of 

f i n a n c i a l  costs i s  simply a table  l i s t i n g  t h e  t o t a l  e s t ima ted  

costs of c o n s t r u c t i n g  and o p e r a t i n g  t h e  t h r e e  a l t e r n , a t i v e  

r e t r i e v a b l e  s u r f a c e  storage f a c i l i t i e s .  (p .  9.1-25) There 

i s  no e x p l a n a t i o n  o f  how t h e s e  costs were c a l c u l a t e d .  

I n  t h e  new d r a f t  s t a t e m e n t ,  t h e  costs o f  each  r easonab le  

a l t e r n a t i v e  waste management concept ,  i n c l u d i n g  permanent 

s t o r a g e  o f  s p e n t  f u e l  a s sembl i e s  and t h e  p a r t i t i o n i n g  and 

t ransmut ing  of a c t i n i d e  wastes, should  be se t  o u t  i n  d e t a i l .  

F u l l  e x p l a n a t i o n s  of how t h e  c o s t s  w e r e  c a l c u l a t e d  must be 

inc luded .  Furthermore,  f o r  each  o p t i o n  t h e  t o t a l  c o s t  of waste 

management, from t h e  t i m e  t h a t  t h e  s p e n t  f u e l  a s sembl i e s  a re  

removed from reactor cores t o  t h e  t i m e  t h a t  t h e  wastes have 

decayed t o  innocuous l e v e l s ,  must be  inc luded .  The  c o s t s  of Cecom- 

mis s ion ing  r e p r o c e s s i n g  and mixed-oxide f u e l  f a b r i c a t i o n  p l a n t s  and 

s t o r a q e  f a c i l i t i e s  should be  e x p l i c i t l y  cons ide red .  The  c o s t s  
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i n  deve lop ing  a commercial ly  a c c e p t a b l e  s o l i d i f i c a t i o n  means, 

and i n  deve lop ing  a volume-reduct ion procedure  f o r  t ransuranium-  

contaminated  wastes should  also be d i s c u s s e d  because  t h e s e  

expenses  would n o t  be i n c u r r e d  i f  spen t  f u e l  a s s e m b l i e s  were 

permanent ly  stored. 

A d d i t i o n a l l y ,  t h e  " t r u s t  fund approach" must be explained 

i n  s u f f i c i e n t  d e t a i l  so t h a t  it is clear t o  i n d u s t r y  and t h e  

p u b l i c  t h a t  t h e  f u l l  c o s t s  o f  s t o r i n g  t h e  wastes i n  p e r p e t u i t y  

w i l l  b e  charged  t o  t h e  n u c l e a r  i n d u s t r y .  Mere r e f e r e n c e  t o  a 

t r u s t  fund approach  (p.g.1-27)with a s t a t e m e n t  t h a t  it i s  t h e  

AEC's p o l i c y  t o  r e c o v e r  costs is  wholly inadequa te .  A l s o ,  t h e  

c h a r g e  l e v i e d  upon r e c e i p t  of  wastes should  be c a l c u l a t e d  under  

d i f f e r e n t  c o n d i t i o n s  of n u c l e a r  development.  That  i s ,  t h e  d r a f t  

s t a t e m e n t  shou ld  c v a l u a t e  how the charge w i l l  var-y dccvrd ing  t o  t h e  

amounts of wastes t h a t  are g e n e r a t e d .  I t  should  b e  e x p l i c i t l y  

cons ide red  how a moratorium on t h e  c o n s t r u c t i o n  o f  new n u c l e a r  

power p l a n t s  a f t e r ,  s a y ,  1980 would e f f e c t  t h e  economics of a 

r e t r i e v a b l e  s u r f a c e  s t o r a g e  f a c i l i t y  r e l a t i v e  t o  t h e  o t h e r  waste 

management a l t e r n a t i v e s .  The o t h e r  extreme t h a t  shou ld  b e  

c a r e f u l l y  e v a l u a t e d  is t h e  need t o  operate Permanent ly  t h e  en- 

g i n e e r e d  s u r f a c e  s t o r a g e  f a c i l i t y  i n  case a s u i t a b l e  g e o l o g i c a l  

d i s p o s a l  s i t e  i s  never  found. S e v e r a l  i n t e r m e d i a t e  cases shou ld  

a l so  b e  c o n s i d e r e d  i n  d e t a i l .  Such cont ingency  p l ann ing  must b e  

performed i n  advance o f  commitment t o  any one  s t o r a g e  o r  d i s p o s a l  

means. Any s u g g e s t i o n  t h a t  e i t h e r  o f  t h e  extreme cases i s  

u n r e a l i s t i c  and ,  t h e r e f o r e ,  does  n o t  need t o  be  e v a l u a t e d  i n  d e t a i l  

would be i l l - f o u n d e d  and a s e r i o u s  mis t ake .  
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VI I 

CONCLUSIONS AND RECOMMENDATIONS 

For the reasons set forth above, we believe that a 

new draft environmental statement on the handling and storage 

of commercially-generated radioactive wastes is required by 

NEPA. In our opinion, it is imperative that the nation's 

radioactive waste management program be subjected to thorough 

analysis in an environmental statement and careful scrutiny 

by the public, in order that no unnecessary risks are taken. 

Further, the executive, Congress and the public should be fully 

informed now of the uncertainties in safety and the environ- 

m e n t z l ,  s o c i n t = l  and financis1 costs that will have to be paid 

in perpetuity as a result of generating toxic, long-lived 

radioactive wastes. 

Fortunately, it is not necessary to push rapidly ahead 

with the AEC's current plan to build an engineered surface storage 

facility. If the AEC's assurances are correct, the existing 

spent fuel assemblies can be stored relatively safely €or a short 

period while the longer term options are more fully considered 

to determine whether or not a satisfactory permanent solution 

is close at hand and, if not, how best to proceed. In connection 

with the needed full exploration of alternatives, an ad hoc 

independent body of prestigious scientists and lay persons should 

be commissioned to study the AEC's program and to report its 

findings publicly. We believe that such a course of action is 
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pruden t  from t h e  s t a n d p o i n t  o f  e n s u r i n g  t h a t  no unnecessary  

r i s k s  a re  t aken  and a l so  t o  e s t a b l i s h  t h e  c r e d i b i l i t y  of  t h e  

program. 

The f i a s c o  a t  Lyons, t h e  many problems a t  Hanford,  t h e  

concern that the Joint Committee acts more like high-level 

management t h a n  a Congress iona l  watchdog and t h a t  most n u c l e a r  

s c i e n t i s t s  a r e  beholden t o  t h e  AEC or t h e  n u c l e a r  i n d u s t r y ,  and 

t h e  summary d ismissa l  o f  t h e  former N a t i o n a l  Academy of Sc iences  

committee which p u b l i c l y  c r i t i c i z e d  t h e  AEC, have c a l l e d  t h e  

AEC's program i n t o  s e r i o u s  q u e s t i o n .  U n t i l  a t r u l y  independent  

group o f  e x p e r t s  compreheiisively examines t h e  AEC's r a d i o a c t i v e  

waste management program and p u b l i c l y  r e p o r t s  i t s  f i n d i n g s ,  deep  

s u s p i c i o n  w i l l  remain,  t o  t h e  d e t r i m e n t  of a l l .  

The f i r s t  s t e p  t o  c o r r e c t i n g  t h e  c u r r e n t  s o r r y  s i t u a t i o n  

i s  t h e  p r e p a r a t i o n  and c i r c u l a t i o n  of a new d r a f t  s t a t e m e n t  and 

t h e  ho ld ing  of h e a r i n g s  and other  a c t i o n s  t o  e n s u r e  t h a t  t h e  

a p p r o p r i a t e  r e g i o n a l ,  s ta te  and local  governmental  a g e n c i e s  

and c i t i z e n s '  g roups  c a n  rev iew and comment on t h e  AEC's program. 

F u r t h e r ,  t h e  p u b l i c  should  have t h e  b e n e f i t  of  t h e  o u t s i d e  

e x p e r t s '  o p i n i o n s  d u r i n g  i t s  rev iew and t h e  r e s u l t s  o f  

envi ronmenta l  impact  a s ses smen t s  concern ing  t h e  Hanford,  NRTS 

and Savannah River  P l a n t  w a s t e  management o p e r a t i o n s .  

D r .  Frank K .  P i t tman ,  d i r e c t o r  of  t h e  AEC D i v i s i o n  of  

Waste Management and T r a n s p o r t a t i o n ,  i n  a press b r i e f i n g  on t h i s  

d r a f t  impact s t a t e m e n t  r e p o r t e d :  

" [The  d r a f t ]  c o v e r s  t h e  wastes gene ra t ed  
from t h e  n u c l e a r  i n d u s t r y  from t h e  t i m e  
it comes o u t  of  t h e  r e a c t o r  on through 
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t h e  rest of t h e  s y s t e m ,  i nc lud ing  t h e  
p o t e n t i a l  r e c y c l e  and r e u s e  of plutonium 
and t h e  waste therefrom." 

W e  ag ree  t h a t  t h e  d r a f t  requiredby NEPA should be as broad a s  

t h a t  descr ibed  by D r .  Pittxnan. To r each  t h a t  s t anda rd ,  a new 

d r a f t  is r equ i r ed .  
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPhlENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

D r .  Te r ry  R. Lash 
Natural Resources Defense Council  
664 Hamilton Avenue 
Palo Alto, Cal i fornia  94301 

Dear D r .  Lash: 

Thank you f o r  your let ter o f  A p r i l  9 ,  1975 commenting on t h e  
Proposed F i n a l  Environmental Statement (PFES) f o r  t h e  Liquid 
Metal F a s t  Breeder Reactor  (LEPER) Program. Your comment& 
i n d i c a t e  t h a t  you f e e l  t h a t  t h e  d i s c u s s i o n  of t h e  management of 
r a d i o a c t i v e  wastes i n  t h e  Statement w a s  inadequate.  The Energy 
Research and Development Adminis t ra t ion (EPJ)A) a g r e e s  t h a t  a n  
u l t i m a t e  waste management system h a s  n o t  as y e t  been developed 
and t h e r e f o r e  t h e  i s s u e  of waste d i s p o s a l  remains t o  be r e so lved  
b e f o r e  a commitment t o  widespread deployment of LVBRs can be 
made. However, w e  cannot  a g r e e  t h a t  t h e  d i s c u s s i o n  of t h e  waste 
management i s s u e s  i n  t h e  PFES is inadequate  s i n c e  i t  thoroughly 
eva lua ted  t h e  s t a t u s  o f  t h e  waste management program a t  t h a t  
time and desc r ibed  t h e  measures being t aken  t o  r e s o l v e  t h e  
i s s u e s .  I n  a d d i t i o n  t o  t h e  s e c t i o n s  i n  t h e  PFES which you have 
reviewed, you are r e f e r r e d  t o  Sec t ion  I11 D of t h e  F i n a l  
Environmental Statement f o r  a d d i t i o n a l  information on t h e  waste 
management program. Staff responses  t o  your s p e c i f i c  comments 
are included i n  t h e  enclosures .  

Your comments concerning t h e  AEC's  Dra f t  Environmental Statement ,  
Management o f  Conmercial High-Level and Transuranium - 
Contaminated Rad ioac t ive  Waste, WASH-1539, w i l l  be  considered i n  
the p r e p a r a t i o n  of t h e  r e v i s i o n  o f  t h a t  document. A s  you are 
undoubtedly aware, ERDA announced on A p r i l  11, 1975, t h a t  WASH-1539 
w i l l  b e  expanded b e f o r e  it is r e i s s u e d  i n  d r a f t  form f o r  review and 
comments. 
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Thank you again for your coments.  
Statement i s  enclosed for your information. 

A copy of the Final Environmental 

Sincerely, ML- J es L .  Livernan 

s i s tant  Administrator for 
and Safety 

Enclosures : 
1. 

2.  Final Environmental Statement, 

ERDA Staff Responses to Specif ic  
NRDC Coments 

LMFBR Program 
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ERDA Staff Responses to Comments by NPDC 

HRDC Comments (pages 2-5): 

"The Proposed Final Environmental Statement Does Not Adequately 
Consider The Ultimate Disposal Of High-Level And Trensuranic 
Rad ioac t ive Wastes " 

ERDA Response: 

At the tine that the P E S  was written, a detailed plan for selection of 
an ultimate disposal method had not been developed. The plan was to 
develop the interim RSSF first. The investigation of tne various 
ultimate disposal alternatives is still in the evaluation stage. The 
numerous alternatives have been identified and assessed to determine 
general technical feasibility, research requirements, costs, and time 
schedule. 

As a result, only the general approach to development of an ultimate 
disposal method was included in the PFES. General descriptions were 
presented for the primary alternatives, and the general approach to 
determining and implementing the final disposal scheme was described. 

A comprehensive action plan €or developing an acceptable method for ultiaate 
disposal of commercial high-level and transuranic wastes is curreatly 
being prepared. The plan is scheduled for completion by the spring of 
1976. This plan is expected to describe the general developmental 
approach, outline the program components, and estimate the tine schedule 
and the program costs. 

It is believed that a satisfactory disposal method can be identified and 
implemented prior to the time when significant quantities of high-level 
and transuranic wastes from LFFE?.s would require disposal. Until all 
research and development activities are completed, however, there is by 
definition an uncertainty that the expected results will be realized. 

h W C  Comment (pages 5 - 6 ) :  

"The Proposed Final Environmental Statezent Does Not Adequately 
Consider The Special Problems Posed By The Zadioactive Wastes 
Generated By The LMFBIl Program" 

Two special problems were identified regarding this comment: 

(1) Implenenting the LV8R program will require reprocessing of 
spent fuels and thereby preclude disposing of spent fuel rods 
in geological formations, and, 
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(2) High-level wastes from LMFBR's w i l l  have a d i f f e r e n t  impact and 
d i s p o s a l  problem than w i l l  h igh-level  wastes from LWR's. 

ERDA Response: 

Direct d i s p o s a l  o f  spen t  f u e l  from LHFBR's w a s  no t  addressed in t h e  PFES 
because d i r e c t  d i s p o s a l  without  r ep rocess ing  t o  recover  plutonium would 
be i l l o g i c a l  over  t h e  t i m e  span considered. 
n u c l e a r  power capac i ty  were t o  cease at  2020 and beyond, then d i r e c t  
d i s p o s a l  of t h a t  p o r t i o n  of s p e n t  LMFBR f u e l  con ta in ing  plutonium 
which is s u r p l u s  t o  s t e a d y  s ta te  needs cou ld  b e  considered. 

I f  mowth in i n s t a l l e d  

The d i f f e r e n c e s  between LMFBR and LWR high-level  wastes are not s u f f i c i e n t  
to suggest  t o  u s  that 'I.. .wastes from LMFBRs should be  disposed of In a 
more secure geo log ica l  formation than  wastes from LWRs." 
f i d e n t  t h a t  t h e  c o r r e c t  philosophy f o r  t h e  d i s p o s a l  of high level wastes  
is t o  isolate them as securely as poss ib le  without regard t o  the ir  o r i g i n s .  

We f e e l  con- 

NRDC Comment (pages 7-8) : 

"The Discussion Of Radioact ive Waste Management In The Summary 
(Volume I) Does Not Accurately Ref l ec t  The Material In The Body 
Of The Proposed F i n a l  Environmental Statement And Does Not 
Adequately P resen t  The P o t e n t i a l  Hazards Posed By Radioact ive 
Wastes . It 

ERDA Response: 

Whether o r  no t  t h e  summary adequately r e p r e s e n t s  t h e  material i n  t h e  
tex t  is a matter of opinion.  The summary r e p r e s e n t s  ERDA s t a f f  judgment 
r ega rd ing  t h e  summarization of t h e  r a d i o a c t i v e  waste management material 
i n  t h e  text .  Much of t h i s  NRDC comment is addressed toward t h e  l ack  of 
a d e s c r i p t i o n  of  how t h e  AEC p l ans  t o  choose t h e  u l t i m a t e  d i s p o s a l  method 
f o r  t h e  h igh - l eve l  wastes. This  a spec t  was d i scussed  i n  t h e  answer t o  t h e  
first NRDC comment. 

NRDC Coment (pages 9-11): 

"The MC's PEsponses To NRDC'S Coments  On The Discussion O f  Radio- 
a c t i v e  Waste Management In t h e  Draf t  Statement Is Inadequate." 

The primary itens o f  concern i n  t h i s  comment appear t o  be: 
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1. Lack of d e s c r i p t i o n s  of a d e t a i l e d  a c t i o n  plan f o r  determining 
and implementing t h e  b e s t  method f o r  u l t i m a t e  high-level  waste 
d i s p o s a l ,  and 

2. Lack of adequate d e s c r i p t i o n s  of s o c i e t a l  and environmental  
problems and of alternatives f o r  high-level waste disposal. 

ERDA Response: 

The l a c k  of a d e t a i l e d  a c t i o n  plan f o r  determining and implementing 
u l t i m a t e  waste d i s p o s a l  is d i scussed  in t h e  answer t o  t h e  f i r s t  NRDC 
connnen t . 
The l a c k  of adequate d e s c r i p t i v e  material on problems and a l t e r n a t i v e s  
is a matter o f  opinion.  A n  environmental  s t a t emen t  is, of n e c e s s i t y ,  
l i m i t e d  t o  summarizing and i n t e r p r e t i n g  t h e  information a v a i l a b l e  wi th  
adequate  r e f e r e n c i n g  of t h e  d e t a i l e d  suppor t ing  material. Otherwise,  
t h e  t o t a l  volume would become excess ive  and t h e  s t a t emen t  f o r  as complicated 
a s u b j e c t  as t h e  LKFBR Program could become a p r e s e n t a t i o n  of a major 
p o r t i o n  o f  t h e  c u r r e n t  information a v a i l a b l e  on each of t h e  t o p i c s  r e l a t e d  
t o  t h e  LMFBR. In any e v e n t ,  t h e  u l t i m a t e  d i s p o s a l  method f o r  t h e  high-level  
and t r a n s u r a n i c  wastes has  no t  been s e l e c t e d .  I t  is t h e r e f o r e  no t  p o s s i b l e  
t o  d e s c r i b e  in d e t a i l  t h e  environmental  and s o c i e t a l  e f f e c t s  of a s o l u t i o n  
that  has not been selected. 
only t h e  d e t a i l  needed t o  d e f i n e  t h e  p o t e n t i a l  problems and t h e  magnitude 
of t hose  problems. 

As a r e s u l t ,  t h e  impacts were discussed i n  

NRDC Comment (pages 10 and 1 1 ) :  

"The AEC s t a f f  states t h a t  r ega rd ing  the  p a r t i t i o n i n g  of a c t i n i d e s ,  
' t h e r e  are s e r i o u s  q u e s t i o n s  about t h e  o v e r a l l  hazard involved.  . . ' 

Y e t  t h e r e  is no d e t a i l e d  d e s c r i p t i o n  of t hose  ' q u e s t i o n s '  o r  haw 
t hey  w i l l  b e  resolved .... Furthermore,  t h e  AEC s t a f f  does not  e x p l a i n  
how t h e  f i n a l  d e c i s i o n  can e v e r  be r a t i o n a l l y  made i f  no money is 
s p e n t  on t h e  r e sea rch  t o  o b t a i n  t h e  b a s i c  d a t a  t h a t  is r equ i r ed  f o r  
a f a i r  a n a l y s i s  of t h i s  p o t e n t i a l  op t ion .  
reason t h e  hEC t e rmina ted  funding f o r  r e sea rch  of p a r t i t i o n i n g  i n  t h e  
proposed FY 1976 budget should have been p resen ted  i n  t h e  PFES." 

A f u l l  exp lana t ion  of t h e  

ERDA Response : 

Following s t u d i e s  of p a r t i t i o n i n g  by Rat te l le  ( P a c i f i c  Northwest 
Labora to r i e s )  and H o l i f i e l d  Na t iona l  Laboratory in FY 1974 and FY 1975 
i t  was concluded t h a t  i t  would b e  more d e s i r a b l e  and l o E i c a l  t o  develop 
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q r r a d i a t e d  f u e l  process in l :  t echnology which r e s u l t s  i n  more e f f i c i e n t  
e x t r a c t i o n  of s e l e c t e d  waste m a t e r i a l s  t han  t o  develop secondary  
p a r t i t i o n i n g  t r ea tmen t  o f  t h e  waste which r e s u l t s  i n  a d d i t i o n a l  volumes 
of waste. Two f a c t o r s  a r e  p a r a d o x i c a l  i n  d e c i d i n g  t o  p a r t i t i o n  waste. 
F i r s t  is t h a t  t h e  p r o c e s s  i n c r e a s e s  t h e  was te  volume, compl ica tes  p rocess  
equipment and may e n t a i l  a d d i t i o n a l  dose  conmitments t o  o p e r a t i n g  
pe r sonne l .  Second is t h a t  t h e  degree  of p u r i f i c a t i o n  t h a t  can b e  
r e l i a b l y  achieved  i n  such  p r o c e s s e s  may make l i t t l e  o r  no d i f f e r e n c e  
i n  t h e  t o t a l  hazard  of t h e  was te s  t h a t  must b e  managed and make only  
margina l  d i f f e r e n c e  i n  t h e  manner i n  which t h e  waste i s  managed and 
d i sposed  of .  
p a r t i t i o n i n g  e f f o r t s  on improvements i n  i r r a d i a t e d  f u e l  processinp, i n  
o r d e r  t o :  

V i t h  t h e s e  factors in mind, i t  is  our i n t e n t  to concentrate 

1. Maximize t h e  recqvery  of p lu tonium and p o s s i b l y  isolate  a l l  
a c t i n i d e s  f o r  r e c y c l e  or s e p a r a t e  management, 

2 .  I f  p o s s i b l e ,  produce the bulk of t h e  w a s t e  in such a way that  
i t  c o n t a i n s  most ly  chemica l  s a l t s  wi th  r e l a t i v e l y  s h o r t  h a l f  
l i f e  r a d i o n u c l i d e s ,  and 

3. Produce a minimum volume of waste c o n t a i n i n g  t h e  ve ry  long  h a l f  
l i f e  r a d i o n u c l i d e s  such as t h e  a c t i n i d e s ,  1-129, etc.  

With r e g a r d  t o  t h e  budge t ,  t h e  t i t l e  "Waste P a r t i t i o n i n g "  is no longe r  
a p p l i c a b l e  as i t  is r e a l l y  t o t a l .  i r r a d i a t e d  f u e l  p r o c e s s i n g  which i s  
b e i n g  e v a l u a t e d .  As "Advanced Waste Hmagement Concepts" w a s  an e x i s t i n g  
budget ca t egory ,  t h e  new o r  r e d i r e c t e d  work, e v a l u a t i n g  improved methods 
f o r  i r r a d i a t e d  f u e l  p r o c e s s i n g  is now i n c l u d e d  t h e r e .  Th i s  is a new 
approach t o  t h i s  problem and budget r e s t r i c t i o n s  du r ing  FY 1976 w i l l  l i m i t  
t h i s  e f f o r t  bu t  i t  i s  expec ted  t o  Grow i n  f u t u r e  y e a r s  and b e  coord ina ted  
w i t h  o t h e r  n u c l e a r  f u e l  c y c l e  programs. 



V.74-1 

APni l  10, 1975 

L i v .  o f  3 i o m e d i c a l  and Envi ronmenta l  a c s e a r c h  
E. S. ERDA 
K a s h i n g t o n ,  G .  C. 20545 

Dear  S i r :  

Re: L i q u i d  X e t a l  F a s t  3 r e e d e r  i l e a c t o r  P rogram 

I would l i k e  t o  r a g L s t e r  ny o p p o s i t i o n  t o  t h e  a b o v e  f o r  t n e  
f o l l o w i n g  r e a s o n s :  

1. Plutonium 239 has a half-life of 24,400 years .  

2. D r .  Edward 'Teller a farnous n u c l e a r  s c i e n t i s t  f e e l s  
t h e  h a z a r d s  a r c  t o o  g r e a t .  

3. The t e c l n o l c g g  i s  t o o  s o ? h i s t i c a t e d  t o  l e a v e  i n  t h e  
hands of  t e c h n i c i a n s  once a r e a c t o r  i s  e s t a b l i s h e d .  
Think what  would happen if t h e  q!lalitg c o n t r o l  were 
t o  e q u a l  t h a t  o f  our  manufactured gooc's s u c h  a s 
a u t o n o b i l e s  ,appliances and h u n d r r d s  o f  &her i t e m s .  

4. The danzer  o f  the  t ! i e f t  o f  plutoniurn,  thus  c r e a t l n g  

5. S a b o t a g e .  

6. Cost! .  An a r t i c l e  i n  t h e  .-,'all s t r e e t  JoQrnal  i n d i c a t e s  
it ail1 s o s t  t h e  t a x p a y e r s  between $2 b i l l i o n  and  ,:7 
b i l l i o n  dollars. 

I 

a t h r e a t  t o  p e r s o n a l  and n a t l o n a l  s e z u r i t y .  

7 .  'The f a c t  t g a t  t h e  end r e s a l t  is  S ? n d e r , i s  f re ig : i ten ing .  
I nave two b e p u t i f u l  c h i l d r e n  s n d  hundreds  o f  thousands  
of o t h e r  p a r e n t s  cave beautiftiJ!;nildren t h a t  t,-:ey w i s h  
t o  l i v e  e f u l l  l i C e .  :,e n u n f  C s i t  back  end l e t  them 
do ;-in . 

..: 

Ther3  a r e  many o t h e r  r e a s o n s  ;.hy &',lis 7,ros~'orn s . i o u l d  be s t o p p e d  
and 1 azi sure  you .:/ill h e a r  3 i e n  a l l  b.j t h e  t i x  a l l  o f  t h e  
t ,cst . i?ony i s  i n .  

I do  hope you ixill p r o c e e d  , s i t h  gy'eat  c a u t i o n .  



V.74-2 

UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Mrs. Ruth Zaat 
27 Wenona Ave. 
Oakland, New Jersey 07436 

Dear Mrs. Zaat: 

Thank you for your letter of April 10, 1975 commenting on the Liquid 
Metal Fast Breeder Reactor (LEIFBR) Program. 
the Energy Research and Development Administration (ERDA) is proceeding 
with due caution in the development of the LMFBR. 
all written comments received on the Proposed Final Environmental 
Statement (PPES) for the LMFBR as well as the testimony received 
during the Public Hearing held on May 27-28, 1975 and has taken these 
views into account in the preparation of the Final Environmental Statement 
(PES) for the LMFBR Program. 
your information. 

The concerns you raised with regard to safety of LMFBR's, safeguarding 
plutonium, toxicity of plutonium and cost of the LMFBR have all been 
carefully examined. 
respectively of the PFES (WASH-1535) which has been incorporated as 
Section I1 of the FES. 
your concerns appears in Section 111. 

Although our environmental review of the LMFBR Program has led ERDA to 
conclude that continuation of research, development and demonstration 
of the LMFBR concept is needed, any decision on comercial deployment 
of the LMFBR must await the resolution of several environmental issues 
on which the necessary research, development and demonstration have 
not as yet been completed. 

Please be assured that 

ERDA has reviewed 

A copy of that Statement is enclosed for 

Please refer to Sections 4.2.7, 7.4, 4.7, 11, 

Also, supplemental material on a number of 

. 
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Hopefully your review of the enclosed Environmental Statement w i l l  
alleviate your concerns. Thank you for your interest in the UiFBR 
Program. 

Sincerely , 

sistant Administrator for 
Environment and Safety 

Enclosure: 
Final Environmental Statement, 

LMFBR Program 
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CtRAtD P. M<CARTHY 
Chairman 

FITZGCRALD BFMISS 
RICHARD D. ROBERTSON 
T. EDWARD TEMPLE 
Executive Committee 

DONALD 5 .  DANIEL. JR. 
Chairman. Air Pollution 

JAMES E. DOUGLAS, JR. 
Chairman, Morine Rerourrsr 

RAY W .  EDWARDS 
Chairman. Stale Wslsr 

MACK I. SHANHOLTZ, M.D. 
Slate Health Commissioner 
WILLIAM H. STANHAGEN 
Cheirmsn. Board of 

Conlrol Board 

Commission 

Control Board 

COMeWbl!on and Economic 
Dsvalopment 

WILLIAM H. WEST 
Chairman. Commission of 
Come and Inland Fiihsriai 

C O M M O N W E A L T H  O F  V I R G I N I A  

OFFICE OF THE GOVERNOR 

COUNCIL ON THE ENVIRONMENT 

April 16, 1975 

Mr. W. H. Pennington 
Assessments and Coordination 
Officer 

Division of Biomedical and 
Environmental Research 

U.S. Energy Research and 
Development Administration 

Washington, D.C. 2 0 5 4 5  

Subject: Proposed Final Environmental Statement 
WASH-1535, for the LMFBR Program 

P. 0. BOX 190 
RICHMOND 13206 

Dear Mr. Pennington: 

We have reviewed the subject document, and 

The Commonwealth of Virginia recognizes the 
need for additional power generating capacity, and we 
are certainly interested in new technologies that would 
create dependable sources of energy at reasonable cost 
t o  the consumer, keeping uppermost in mind the safety 
and environmental impact aspects of such technology. 

offer the following comments. 

The economic realities of providing safe, 
re1iabl.e electricity are such that the development of 
Liquid Metal Fast Breeder Reactor technology should be 
scrutinized with these costs in mind. 

We are not prepared to make a thorough 
critique and technical commentary on this seven-volume 
Proposed Final Environmental Impact Statement, and can- 
not give you an opinion regarding its safety and effects. 
We are reluctant to commit ourselves to this technology 
at the present time until we learn more about it. 
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Mr. W. H. Pennington 
April 16, 1975 
Page Two 

I trust that as further developments occur, 
you will keep us informed. 

Sincerely, 

L P&%ac& 
Gerald P. McCarthy 

GPM:dls 

cc: Honorable Mills E. Godwin, Jr. 
Honorable Earl J. Shiflet 
Mr. Charles Burbach' 
Mr. Bryce P. Schofield 
Mr. J. L. Hamrick 
Mr. J. Frank Alspaugh 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Mr. Gerald P. McCarthy 
Chairman, Council  on t h e  Environment 
Of f i ce  of t h e  Governor 
Commonwealth of V i rg in i a  
Box 790 
Richmond, V i r g i n i a  23206 

Dear Fir. McCarthy: 

Thank you for  your l e t t e r  of A p r i l  16 ,  1975 commenting on t h e  
Proposed F i n a l  Environmental Statement f o r  t h e  Liquid Metal 
F a s t  Breeder Reactor (UlFBR) Program. We are pleased t h a t  
t h e  Commonwealth of V i rg in i a  recognizes  t h e  need f o r  
a d d i t i o n a l  power gene ra t ing  c a p a c i t y ,  and i s  i n t e r e s t e d  i n  
new t echno log ie s  t h a t  would c r e a t e  dependable sou rces  of 
energy a t  r easonab le  c o s t  t o  t h e  consumer, keeping uppermost 
I n  mind t h e  s a f e t y  and environmental  impact a s p e c t s  of such 
technology. 
providing s a f e ,  r e l i a b l e  e l e c t r i c i t y  a r e  such t h a t  t h e  
development of LMFBR technology should be s c r u t i n i z e d  w i t h  
t h e s e  c o s t s  i n  mind. 

We a g r e e  t h a t  t h e  economic rea l i t i es  of 

We r e g r e t  t h a t  t h e  Cormonwealth of V i r g i n i a  was not  a b l e  t o  
provide d e t a i l e d  conments on t h e  Proposed F i n a l  Environmental 
Statement or t o  form a n  opinion r ega rd ing  t h e  s a f e t y  and 
e f f e c t s  of t h e  LYFBY, Program. A copy of t h e  F i n a l  Environ- 
mental  Statement i s  enclosed f o r  your information which r re  
t r u s t  w i l l  enable  you t o  reach t h e  conc lus ion  t h a t  t h e  LIFER 
can be developed as a s a f e ,  c l e a n ,  r e l i a b l e  and economic 
e l e c t r i c  power gene ra t ion  system. 
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Thank you again for your comments and your i n t e r e s t  in the 
U P B R  Program. We will be plcased t o  keep you informed of 
future developrnents i n  the LMFSR Program. 

Sincerely,  

i s t r a t o r  for 

Enclosure : 
Final Environmental Statement, 

LMFBR Program 
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A p r i l  1 4 ,  1375 

W. H. Pennington 
Assessments and Coordination Of f i ce r  
Mvie ion  of  Biomedical and Euviironmental Research 
U. S. Energg Reeearch and Development Administration 
Washington, D. C. 20545 

Gnn t. 1 e m  on : 

Thank you for an opportuni ty  t o  review and comment on the Proposed Pln8l. 
Bnvlronmental Statement, WASEf-1535, Liquid Metal Feet Breeder Reactor Program. 
Although my comen te  are postmarked a f te r  t h e  A p r i l  9, 1975 r e c e i p t  deadl ine,  
I hope you w i l l  acaept them and e n t e r  them i n t o  the record. 

I t  is my b e l i e f  t ha t  t he  nuc lear  power r e a c t o r  program is needed t o  a a t i a f y  
the  na t iona l  power requiremente, and t h a t  the  program can be operated In a 
e a f e  and environmentally acceptable manner. I a l s o  f e e l  t h a t  m a n y  r e l a t i v e l y  
e m d l  d e t a i l s  o f  the cu r ren t  regula tory  eyetem have been neglec ted  t o  t h e  
point a r t  very e l g n i f l c a n t  breakdomu i n  cont ro l  can ocour. I n  r p e o i f i c  
ina tanoer  suah brenkdowne hsve already occured on oacaeion. 
de f i c ionc lee  muet be immediately el iminated i n  o rde r  t o  eaiely advance the  
power r e a c t o r  pr08ram. 

Comments which I have t o  o f f e r  a r e  attached. Thank you f o r  your  a t t en t ion .  

Them regula tory  

Robby M. M lson 
330 %**$Drive 
Frankfor Kentuoky 40601 

A t  t achmen t 
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VOLUME 11, Sec t ion  4 

1. 4.5 'l 'raneportrition o f  l(rtd1onotive M ~ t ~ ~ r i r l l t i  

A. 4.5.1.1 P r i n c i p l e s  of S a f e t y  i n  Transpor t  (p .4 .5 . -1)  

'The p u b l i c  and t r a n s p o r t  workers are  p r o t e c t e d  from r a d i a t i o n  du r ing  t h e  
shipment o f  r a d i o a c t i v e  materials by t h e  c o n t a i n e r  d e s i g n s  and l i m i t a t i o n s  on the 
c o n t e n t  s". 

Comlnen t : 

aepented t r a n s p o r t a t i o n  i n c i d e n t s  o f  s i g n i f i c a n c e  have occured over t h e  
l a s t  rew ycnr:-I. Phesc have  occured due t o  v i o l a t i o n s  of  r e g u l a t i o n s  and t h e  
f a i l u r e  of  tiit! reLylrttory rigoricies t o  ach ieve  compliancq. The Air-Lines Pi l o t s  
h u o c l a t i o n  hae had t o  v i r t u a l l y  take t h e  regulation o f  a i l c f r e i g h t  radioaatire 
m a t e r i a l a  In to  iter own hands. 
n o t  confirm nh ippe r  compliance aut ' t ' ic ient ly  t o  a l l y  p i l o t  f e a r e .  

The t r a n s p o r t  r e g u l a t o r y  8genclea a b e o l u t e l y  could 

T t  aprleare t h a t  t h e  same i n s p e c t i o n  and compliance d e f i c i e n c i e s  cnn be found 
i n  highway and rail  t r a n s p o r t a t i o n s .  

2. 4.6  Radioact ive Waste Management 

A. 4.6.1 I n t r o d u c t i o n  (p.4.6-3) 

"Current regulations i n d i c a t e  t h a t  wastes o t h e r  t han  h igh - l eve l  wastes can be  
d i sposed  of  i n  commercial b u r i a l  p;rounds". 

Comment : 

S i g n i f i c a n t  problems now exist with omissions,  d i s c r e p a n c i e s ,  i n t e r p r e t a t i o n s  
and a p p l i c a t i o n s  o f  t r a n s p o r t a t i o n  and hand l ing  r e g u l a t i o n s  for r a d i o a c t i v e  
materials. As a r e s u l t ,  s e r i o u s  environmental  problems have already occured. 
With f u r t h e r  p r o g r e s s  on t h e  "As Low As P r a c t i c a b l e  (ALbp)" p r i n c i p l e ,  some of t h e  
problems may i n t e n s i f y .  For  example, unde r  Appendix I r e l e a s e  gu ides  f o r  LWR's, 
A r e a c t o r  f a c i l i t y  may, a n d  do,  transfer r a d i o a c t i v e  waste t o  a commercial waste 
handler .  The commercial raste h a n d l e r  may l e g a l l y  diepoae of t h e  waste t o  t h e  
environment under CFR P a r t  20 WPC guidee,  t hue  circumventing t h e  ALAP . p r i n c i p l e .  
A r egu la to r j r  ques t ion  of phi losophy than  begs t o  b e  answered: 
waste "d i sposa l "  f a c i l i t y  be pe rmi t t ed  t o  release waste under  MPC g u i d e l i n e s ,  o r  
should 'd isposal"  be i n t e r p r e t e d  as an a b s o l u t e  a c t i o n ?  

B. 4 . t . 3 . 2 . 1  Beta -Gamma Waste (p.4.6-44) 

Should a r a d i o a c t i v e  

"( 1) ' rri t i um.  

Cornmen t : 

Cur ren t ly  a v n i l a b l o  ovldonc(3, nupported by pant oxporlmantal  predI.ctlonn, 
ahowa t h a t  l e n d  b u r i a l  waste f a o l l l t i e a  have n o t  and w i l l  n o t  c o n t a i n  t r i t i u m .  
Calolum hydroxide i o  put forward as a s t a b i l i z i n g  method which is unteeted.  F u r t h e r  
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environmental  i n s u l t  i n  the  v i c i n i t y  of c u r r e n t  commercial b u r i a l  s i tes due t o  
t h e  r e l e a s e  o f  a d d i t i o n a l  t r i t i u m  from y e t  another  unproved method may not  be 
t o l n r a b l e ,  

C. 4.G. 5.7.1 3 i t n  Cor~~iOorntlone f o r  Land l turfel  PRci1it.y ( p .  4.6-45-46) 

1. "Licensees  who bury waste received from o t h e r s  must do so on l a n d  owned by 
e i t h e r  a s t a t e  or Federa l  Government. 
a s s u r e  long-term c o n t r o l  o f  t h e  s i t e  i n  t h e  event  of  d e f a u l t  o r  abandonment of  
t h e  s i t e  by t h e  commercial opera tor .  " 

The purpose of  t h i s  requirement  i s  t o  

Comment: 

Experience has  demonstrated t h a t  s t a t e ,  or f e d e r a l  ownership o f  l a n d  may 
n o t  p i n r a n t e e  adequate  s h o r t  o r  long-term c o n t r o l ,  wi th o r  without  abandonment. 

2. "The etatee have t h e  o b l i g a t i o n  f o r  p e r p e t u a l  care and maintenance of  l a n d  
b u r i a l  aitee t o  atmure t h e i r  d e d i c a t i o n  t o  waste burial and t o  a8sure t h e i r  
r e s t r i c t i o n  from o t h e r  USBB.'' 

Comment: 

Experience h a s  demonstrated t h a t  s t a t e s  m a y  n o t  have t h e  a b i l i t y  t o  
a d m i n i s t e r  a p e r p e t u a l  c a r e  and maintenance o b l i g a t i o n  i n  a cont inuing ,  r e s p o n s i b l e  
manner. 

3. "Author iza t ion  t o  o p e r a t e  a commercial l a n d  b u r i a l  f a c i l i t y  i s  baeed on an 
a n a l y s i s  of  t h e  n a t u r e  and l o o a t i o n  of p o t e n t i a l l y  a f f e c t e d  f a c i l i t i e s ;  of t h e  
s i t e  topographica l ,  geographiaal  , meteoro logica l ,  and hydro logica l  c h m a c t e  r i s t i c s  ; 
and o f  groundwater and s u r f a c o  water  u s e  in t h e  g e n e r a l  a r e a  which must demonotrate 
t h a t  b u r i e d  r a d i o a c t i v e  waste w i l l  n o t  migrate from t h e  site". 

Comment : 

Criteria f o r  s i t e  s e l e c t i o n  and e v a l u a t i o n  h a s  n o t  been developed well and 
does n o t  seem t o  have been \ iniformly applied. Advances i n  earth s c i e n c e  knowledge 
have not been a p p l i e d  t o  f u l l  8dvantag.e. P r e d i c t i o n s  and f i n d i n g s  i n  even e a r l y  
a i t c  cval i iot ions have, on occas ion ,  been overlooked o r  ignored. I n  m y  event ,  not  
all e t i e t i n g  eitee, i f  any, have been eva lua ted  t o  such an e x t e n t  t o  demonstrate  
t h a t  bur ied  waste w i l l  no t  migrate. On t h e  c o n t r a r y ,  waste management e x p e r t s  
speak i n  terms o f  r a t e  of migra t ion ,  knowing t h a t  movement i s  i n e v i t a b l e .  

4. "To d a t e ,  t h e r e  have been no r e p o r t s  of  migra t ion  o f  r a d i o a c t i v e  material 
from commercial b u r i a l  s i t e s " .  

Comment : 

An oral r e p o r t  o f  migra t ion  from one suoh s i t e  was made t o  t h e  AEC by 
r e p r e s e n t a t i v e s  from an Agreement S t a t e  a8 e a r l y  a8 October,  1974. Information 
wan reportedly made a v s l l a b ~ e  t o  t h e  AEC on migrat ion from a t  l e a e t  two d t e R  
rnuah oemlior, parhapa in 1972 o r  1975. 
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5. "In t h e  u n l i k e l y  event  t h a t  t h e r e  would be such a f i n d i n g ,  several courses  
o f  a c t i o n  could be  taken, inc luding:  (1) a h a l t  t o  b u r i a l  opera t ione ,  ( 2 )  romoval 
o f  t h e  r a d i o a c t i v e  m a t e r i a l  from t h e  b u r i n 1  nrna i n  which i t  o r i e i n a t e d ,  

'3 KroutlnK of' tho o i t a  from whloh tho  rAdioact iva m~tc~r i r r l  oriryinated,  or 1 1  4 o t h e r  n u c h  j)rocndur~Jrr t h s t  rniqht bo necensary,  depending on t h e  ex ten t  o f  
mlKrrltion of' r a d i o a c t i v e  material from the  si ten.  

Comments: 

( 1 )  If waste d i s p o s a l  o p e r a t i o n s  by b u r i a l  i s  r e q u i r e d  t o  h a l t  a t  t h i s  s t a g e  
of commitment t o  n u c l e a r  power, i t  w i l l  r e s u l t  i n  a s e v e r e  impact on t h e  o p e r a t i o n  
of LWR's and o t h e r  n u c l e a r  i n d u s t r i e s .  S i g n i f i c a n t  r a d i a t i o n  s a f e t y  problems 
could be genera ted  as l a r g e  volumes o f  waste, much of  which i s  q u i t e  h i g h l y  
r a d i o a c t i v e ,  accumulate a t  i n d i v i d u a l  f a c i l i t i e s .  

( 2 )  itomoval of previously buried waote would be an as t ronomica l ly  expensive 
opera t ion .  
consuming s tudy  and debate  on procedure and a l t e r n a t i v e s .  

I t  would undoubtedly oreate a n o t h e r  round of expeneive and time 

( 7 )  Some e a r t h  s c i e n t i s t 8  seem t o  be very s k e p t i c a l  of t h e  S U C C ~ S R  o f  
grout ini :  opera t ions .  

( 4 )  "Other such procedures.. , " are l i k e l y  t o  remain undefined, undef inable  
and would unquest ionably be exceedingly expensive 

6. "The a r e a s  i n  which wastes  are bur ied  a r a  encloaed by fences ,  and access  t o  
t h e  n i t n s  is c a r e f u l l y  c o n t r o l l e d  by t h e  e i t e  operator" .  

Comment I 

This s ta tement  seems t o  imply adequate  cont ro l .  I n  fact ,  t h i s  i s  an 
assumption which may be i n c o r r e c t .  
contaminat ion and r a d i o a c t i v e  e f f l u e n t s  m a y ,  and i n  some c a s e s  do, extend w e l l  
beyond r e s t r i c t e d  a reas .  
apparent ly  d e l i b e r a t e  d i v e r s i o n  o f  s t o r e d  waste, i n c l u d i n g  plutonium. 

7. "140 c r e d i t  i s  taken f o r  containment provided by t h e  packages once they  are 

While a c t i v e  b u r i a l  areas may be fenced,  

Fences and guards have n o t  been s u f f i c i e n t  t o  prevent  

b i i r i  ed". 

Cammen t : 

A t  l eas t  one b u r i a l  s i t e  has been allowed t o  d i s p o s e  o f  large q u a n t i t i e s  
Evidence of t r i t i u m  waste,  i f  packae;ed i n  accordance wi th  l i c e n s e d  c r i t e r i a .  

i n d i c a t e s  t h a t  both c o n t a i n e r  and g e o l o g i c a l  i n t e g r i t y  o f  t h e  s i t e  h a s  been 
inadequate  i n  r e t a i n i n g  t r i t i u m  waste. C e r t a i n  b u r i a l  procedurea have also been 
approved when t h e  waste i s  conta ined  i n  DOT approved packages. 
approval  i s  based on r e l a t i v e l y  short- term t r a n s p o r t a t i o n  hazard p o t e n t i a l ,  n o t  
long-term content  r e t e n t i o n  c o n s i d e r a t i o n e  necessary  of  d i s p o s a l  by b u r i a l .  
Apparently,  the concept  o f  t r i t i u m  d i s p o s a l  by c o n v e r t i n g  t o  calcium hydroxide 
and naalinK i n  e p e a i a l  c o n t a i n o r s  would almo be o u t s i d e  t h e  "no c r e d i t  f o r  
oon t alnmon t " p h i  lonophy . 

DOT c o n t a i n e r  
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8. "Desc r ip t ion  of  & d e l  Land E u r i a l  F a c i l i t y "  (p.  4.6-46,47) 

Comment : 

This d e s c r i p t i o n  i s  h i g h l y  i d e a l i z e d  as n a i v e  i f  meant t o  encompass a l l  
e x i s t i n g  s i t e s .  2ased on Dnrsonal ep,;..rience v i t h  a s i n z l e  s i t e ,  e x c e p t i o n s  
were notod in s i x  9f %!>e nile ~2rj;ra7?15 d c c c r i b i n -  t " o d e l "  s i t e  oDera t ion  
compared t o  z c t u a l  o p z r s t i o n s .  

9. 
- 

" k v i r o m e n t a l  E f fec t s  of Land B u r i a l  F a c i l i t y  Opera t ion"  (p.4.6-48) 

Comments: 

Z a d i o a c t i v e  e f f l u e n t  r e l e a s e s  a r e  r o u t i n e  f o r  at l e a s t  one s i t e .  
The t o t a l  q u a n t i t y  of r a d i o a c t i v e  m a t e r i a l  con ta ined  i n  a b u r i a l  s i t e  w i l l  be  

q u i t e  l a r g e .  
c)  
which have a p p a r e c t l y  mig ra t ed  t o  s u r f a c e  s o i l s  and deep wells o u t s i d e  t h e  r e s t r i c t e d  
area of  a s i t e .  

3vidence i n d i c a t e s  t h e t  9lutoniurn can be inc luded  i n  t h e  l i s t  o f  i s o t o p e s  

10. "Xoni t o r i n g "  

Comment : 

The d e s c r i ? t i o n  is na ive ,  p r e s u m t i v e ,  i d e a l i z e d  and doe3 n o t  speak t o  ve ry  
d i f f i c u l t  problems i n  mon i to r in?  des i i f l  axci d a t a  i n t e r p r e t a t i o n .  A?proval sf 
c o r r e c t i v e  a c t i o n s  by t h e  A X  o r  an agrec-?nt s t a t e  ;;lay n o t ,  i n  i t s e l f ,  have ~ ? y  
e f f e c t  03 a d v m c i n g  on a p z r t i c i l a r  2roSlem when i t  developes.  

D. 4.6.3.2.2 "Plutonium 3 e a r i n g  o r  Alpha I las te"  ( p .  4.G-49) 

Comment: 

Plutonium 238 and 239 i n  T i a n t i t i e s  above p robab le  f a l l - o u t  l e v e l s  h a s  been 
measured i n  deep wel ls  a d  s u r f a c e  s o i l s  i n  - and o u t  - s i d e  t h e  r e s t r i c t e d  area o f  
at l eas t  m e  b u r i a l  site. 

VOLUPiE V I 1  

1. U. S. XPA Comnents, X o d i f i c a t i o n s  t o  Cur ren t  P r a c t i c e s ,  P o t e n t i a l  Impact :  
(p.  V I I .  53-27) 

Comment : 

The E P A  o b s e r v a t i o n s  touch upor? 8 v e r y  c r i t i c a l  i s s u e  i n  t h e  conrnercial  v a s f e  
d i s p o s a l  i n d u s t r y .  I t  appea r s  t h a t  t h e  d i s p o s a l  i n d u s t r y  h a s  become locked  i n t o  
a p u r e l y  c c m p e t i t i v e  b u s i n e s s  w i t h  t h e  f ee  s t r x t u r e  b e i n g  based on u n i t a  n o t  
i n d i c a t i v e  o f  tlie a c t u a l  s i t u a t i o n  ( r u b i c  f e e t  o f  waste,  p r i c e  p e r  c u b i c  f o o t ) .  
The m a j o r  waste g e n e r a t o r s  have been hea.rily s u b s i d i z e d  by p u b l i c l y  fu2ded r e s e a r c h  
and development. Disposal  coropanies have n o t  had t h e  b e n e f i t  o f  n u r h  of t 5 i u  
r e s e a r c h  f o r  better nethods.  k t  t h e  s m e  t i n e ,  tlie p r 2 s s u r e  t o  accomodets ra-ni6l:r 
incrf tauin;  volu-es of  waste, i n  ti:e s%ne manner, and a t  nuch t h e  sane p r i c e ,  ?.as 
grown. If ci isposal  companies had been 3 r e s s u r e d  by r e > w l a t o r y  a g e n c i e s  t o  
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c o n s t a n t l y  improve on procedures ,  had en fo rced  l o n g  s t e n d i n g  r e c e i p t  and 
t r a n a f e r  r e c o r d s  r equ i r emen t s ,  d i s p o s a l  methods would bo advanced much 
beyond thoae nov i n  I ~ B .  S t r i c t  enioroement o f  e x i s t i n e  r e g u l a t i o n s  would 
have a l d o d  i n  creatlnR II wanto diaposal fee atruoturrs b a m d  on r a d l o a a t t v s  
content, and l eotops  h a m r d .  'I'hin could hnvo prtrmo1,nd the imtttna o f  tnrs t ! t l i i t ,  

recovery d i s p o s a l  chazyes,  i nc lud inR inventmonte I n  improved methode, 
c o n t i n u e i n g  s i t e  e v a l u a t i o n ,  environmental  mon i to r ing  and o t h e r  o p e r a t i n g  
expenses  o f  t h e  companies. F u l l  c o s t  recovery cha rgee  cou ld  have a l s o  
adequa te ly  funded long-term s i t e  care and maintainence programs. 

2. AEC Response t o  @A Comments (p. V I 1  .53-139) 

*After i a s u a n c e  o f  a l i c e n s e  and s t a r t u p  o f  b u r i a l  o p e r a t i o n s ,  l i c e n s e e s  
are a u d i t e d  on an annual  b a s i s  by AEC i n s p e c t o r s  (or 'agreement S t a t e "  i n s p e c t o r s )  
t o  determine t h a t  a l l  c o n d i t i o n s  o f  t h e  l i c e n s e  and o f  t h e  r e g u l a t i o n s  are be ing  
met. '' 

Comment 1 

T h i s  c loee i n s p e c t i o n  and enforceriient a t t i t u d e  a p p a r e n t l y  w a s  n o t  
conducted uniformly Ki th  at least  one l a r ip  b u r i a l  s i t e  (Kentucky). 
gaps o f  t u o  t o  f o u r  y e a r s  have a p p a r e n t l y  Occured, with l i t t l e  o r  no effort t o  
clearly s e t t l e  d e f i c i e n c i e s  noted.  

I n s p e c t i o n  

AEC a u d i t o r s  have p e r i o d i c a l l y  reviewed t h e  Kentucky (an agreement s ta te )  
r a d i o a c t i v e  material r e g u l a t o r y  program t o  v e r i f y  c o m p a t i b i l i t y  w i th  AEC 
procedures .  
v i s i t  i n  1972. AEC a u d i t o r s  had, on occas ion ,  been aokod t o  review t h e  d i spoea l  
e i t e  i n e p e c t i o n ,  compliance and environmental  mon i to r in6  f i l e s ,  bu t  had decl ined.  

The f i rs t  known review o f  t h e  d i s p o s a l  s i t e  waa a c u r s o r y  s i t e  

I n  summary, i t  i s  my b e l i e f  t h a t  an in-depth,  o b j e c t i v e  review of  t h e  
r a d i o a c t i v e  material t r a n a p o r t a t i o n  and d i s p o s a l  r e g u l a t o r y  agencies should be  
done. I t  appea r s  t h a t  i n  c e r t a i n  areas t h e  r e g u l a t i o n s  have n o t  been enforced 
as w r i t t e n ,  as t h e  p u b l i c  h a s  a r i g h t  t o  expect .  

I lcgulatory p o l i c i e s  and methods must be improved i n  d e s i g n  and enforcement 
t o  cope with c u r r e n t  and f u t u r e  propame i n  o r d e r  t o  a s s u r e  an adequate  deg ree  
o f  p u b l i c  s a fe ty  nnd confidence.  

Q 

Q 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Mr. Bobby H. Wilson 
330 Sena te  Drive 
Frankfort, Kenpcky 40601 

Dear Hr. Wilson: 

Thank you f o r  your letter of A p r i l  14,  1975 commenting on t h e  Proposed 
F i n a l  Environmental Statement f o r  t h e  Liquid Metal F a s t  Breeder Reactor  
(LMFBR) Program. We concur in your  b e l i e f  t h a t  t h e  LMFBR Program is 
needed t o  s a t i s f y  f u t u r e  n a t i o n a l  energy needs and t h a t  t he  program can 
be a c c o q l i s h e d  i n  a s a f e  and environmental ly  a c c e p t a b l e  manner. 
Responses t o  your s p e c i f i c  cormnents are enc losed .  The m a j o r i t y  of tnese  
responses  were provided by t h e  Nuclear Regulatory Commission. 

Thank you aga in  f o r  your c o m e n t s  and f o r  your  i n t e r e s t  in t h e  LMFBR 
Program. 
your information. 

A copy of t h e  F i n a l  Environmental Statercent is enc losed  f o r  

S i n c e r e l y ,  

Admin i s t r a to r  f o r  
Environnent and Safety 

Enclosures:  
1. ERDA S t a f f  Responses t o  

2. F i n a l  Environmental Statement ,  
S p e c i f i c  Conrments 

WFBR Program 
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ERDA* S t a f f  Responses to  S p e c i f i c  Comments by Bobby W. Wilson 

Comment l .A .  (page 1): 

"Repeated t r a n s p o r t a t i o n  i n c i d e n t s  of s i g n i f i c a n c e  have occured 
over t h e  last few yea r s .  These have occured due t o  v i o l a t i o n s  of 
r e g u l a t i o n s  and t h e  f a i l u r e  of t he  r egu la to ry  agencies  t o  achieve 
compliance. The Air-Lines P i l o t s  Associat ion has  had t o  v i r t u a l l y  
t a k e  t h e  r e g u l a t i o n  of a i r - f r e i g h t  r a d i o a c t i v e  m a t e r i a l s  i n t o  its 
own hands. The t r a n s p o r t  r egu la to ry  agencies  a b s o l u t e l y  could no t  
confirm sh ippe r  compliance s u f f i c i e n t l y  t o  a l l y  p i l o t  f e a r s .  

"It appears  t h a t  t h e  same i n s p e c t i o n  and compliance d e f i c i e n c i e s  
can b e  found i n  highway and rail  t r a n s p o r t a t i o n s . "  

ERDA Response: 

The record does n o t  support  t h e  a l l e g a t i o n  t h a t  t h e  same i n spec t ion  
and compliance d e f i c i e n c i e s  are t o  be found i n  highway, r a i l  o r  barge 
t r a n s p o r t a t i o n .  As noted on page 4.5-5 of t h e  LMFBR Program Proposed 
F i n a l  Environmental Statement ,  a i r  t r a n s p o r t  is no t  expected t o  be  
used f o r  t h e  LMFBR f u e l  cycle .  

"Ai rc ra f t ,  wh i l e  used f r equen t ly  i n  t h e  shipment of radiopharmaceuticals 
( p a r t i c u l a r l y  when s h o r t  ha1.f-l ife m a t e r i a l  is invo lved) ,  are n o t  expected 
t o  be  used f o r  t h e  shipment of r a d i o a c t i v e  materials i n  t h e  f u e l  cyc le ;  
t h e r e f o r e ,  a i r  shipment has n o t  been assessed.  Shipping c o s t s  are 
expected t o  remain h i g h e r  than f o r  r a i l  o r  t r u c k ,  and t h e  high speeds 
a v a i l a b l e  i n  a i r  shipment would be of l i t t l e  advantage. 
obvious weight l i m i t a t i o n s  f o r  air  shipments." 

Also, t he re  are 

Comment 2.A. (page 1): 

"S ign i f i can t  problems now e x i s t  w i t h  omissions,  d i sc repanc ie s ,  
i n t e r p r e t a t i o n s  and a p p l i c a t i o n s  of  t r a n s p o r t a t i o n  and handl ing 
r e g u l a t i o n s  f o r  r a d i o a c t i v e  m a t e r i a l s .  For example, under 
Appendix I release guides f o r  LWR's a r e a c t o r  f a c i l i t y  may, and 
do, t r a n s f e r  r a d i o a c t i v e  waste t o  a commercial waste handler.  
The commercial w a s t e  handler  may l e g a l l y  dispose of the waste t o  
t h e  environment under CFR P a r t  20 PlPC guides ,  thus circumventing 
t h e  ALAP p r i n c i p l e .  Should a r a d i o a c t i v e  w a s t e  ' d i s p o s a l '  
f a c i l i t y  be  permit ted to  r e l e a s e  waste under MPC gu ide l ines ,  o r  
should ' d i sposa l '  be  i n t e r p r e t e d  as an a b s o l u t e  ac t ion?"  

*Specif ic  responses mostly provided by NRC S t a f f .  
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ERDA Response: 

NRC and equivalent  Agreement S t a t e  regula t ions  and the  condi t ions of 
licenses issued by the  NRC and Agreement S ta t e s  t o  commercial waste 
b u r i a l  area operators  do not  permit t he  operators  t o  release radio- 
active waste to the  environment p r i o r  t o  bu r i a l .  

These licenses author ize  the  r ece ip t  of packaged s o l i d  rad ioac t ive  waste 
f o r  d i sposa l  by b u r i a l  i n  the  s o i l .  
opera tors  a l s o  au thor ize  the  r ece ip t  of waste, in o the r  than a s o l i d  
form, f o r  processing, packaging and d isposa l  as s o l i d  waste by b u r i a l  
i n  the soil. 
disposing of commercial waste by release t o  the  environment under 
P a r t  20 Naximum Permissible Concentrations. However, two sites,  (Nuclear 
Fuel Services ,  West Valley, N e w  York and Nuclear Engineering Company, 
Inc,, Maxey Flats, Kentucky) are experiencing d i f f i c u l t y  i n  the  water 
management aspec ts  of s i t e  operat ions.  Since water is a p r inc ipa l  con- 
t r i b u t i n g  f a c t o r  t o  the  movement of buried waste, New York and Kentucky 
have authorized the  pumping of l i q u i d s  from trenches a t  these sites t o  
reduce the  volume of water i n  the t renches,  thus minimizing the  possi- 
b i l i t y  f o r  migration. Since the  water ex t rac ted  from the  trenches has 
been i n  contac t  with the  waste, i t  is t r ea t ed  as a contaminated l i qu id  
and is processed through a treatment system t o  reduce the  volume and 
remove rad ioac t ive  contaminants. 
occur through treatment system operat ions (pr imari ly  t r i t i um) .  The 
P a r t  20 Maximum Permissible Concentration values  are appropriate  f o r  
evaluat ing the  releases from these treatment operat ions.  

The l i censes  issued t o  certain 

We know of no commercial waste b u r i a l  a rea  opera tor  who is 

Environmental releases of r ad ioac t iv i ty  

Comment 2.B. (pages 1 and 2) : 

"Currently ava i l ab le  evidence, supported by pas t  experimental  
p red ic t ions ,  shows t h a t  land b u r i a l  w a s t e  f a c i l i t i e s  have not  and 
w i l l  no t  contain t r i t i u m ,  
s t a b i l i z i n g  method which is untested.  Further environmental 
i n s u l t  i n  the  v i c i n i t y  of cur ren t  commercial b u r i a l  sites due 
t o  the  release of addi t iona l  tritium from ye t  another unproved 
method may not  be to le rab le ."  

Calcium hydroxide is put  forward as a 

ERDA Response: 

The repor t ,  "Six Month Study of Radiation Concentrations and Transport  
Mechanisms a t  the  Maxey F la t s  Area of Fleming County, Kentucky," concludes 
on the  bas i s  of t he  study t h a t  "Existing geological  mechanisms are not 
e f f e c t i v e  i n  maintaining t r i t i u m  w a s t e  wi th in  the  d isposa l  trenches.' ' 
The repor t  f u r t h e r  s t a t e s  (pg. 17) t h a t  ' 'the r a t e  of tritium migration 
was not determined by the study." Studies conducted a t  the  West 
Valley, N e w  York s i te  have a l s o  detected t r i t i u m  i n  s o i l  samples 



taken ad jacen t  t o  t r enches  which contained water .  The problems be inz  
experienced in t he  i n f i l t r a t i o n  of water  i n t o  completed t renches a t  t h e s e  
s i t e s  has  con t r ibu ted  t o  t h e  movement of t r i t i u m  from t h e  t renches.  Other 
c o m e r c i a l  waste b u r i a l  sites do n o t  appear t o  have problems with t h e  
management of water  and have r epor t ed  no novement of r a d i o a c t i v i t y  from 
b u r i a l  t renches.  

Comment 2.C.1. (page 2 ) :  

"Experience has  demonstrated t h a t  s t a t e ,  o r  f e d e r a l  ownership of 
land may n o t  guarantee adequate s h o r t  or long-term c o n t r o l ,  wi th 
o r  without  abandonment. ' I  

ERDA Response : 

It is granted that r ecen t  experience fs a cause f o r  concern. Hawever, 
t h e r e  appears  t o  be no v a l i d  reason t o  b e l i e v e  t h a t  t h e  Federal  o r  S t a t e  
ownership of land w i l l  n o t  guarantee adequate s h o r t  or long tern c o n t r o l  
of t h e  site. 

The release of low l e v e l s  of r a d i o a c t i v i t y  t o  t h e  environment a t  t h e  
Kentucky and New York S t a t e  si tes due t o  problems with water  mnagenent 
have been determined by Kentucky and New York t o  not c o n s t i t u t e  a pub l i c  
h e a l t h  hazard.  Kentucky and New York are t ak ing  a c t i o n  t o  f u r t h e r  
assess s i t e  cond i t ions  and procedures f o r  continued ope ra t ion  of t h e  
sites. Kentucky has  e s t a b l i s h e d  a committee of Federal  and S t a t e  
r e p r e s e n t a t i v e s  t o  design f u r t h e r  s t u d i e s  a t  t h e  Maxey F l a t s  s i t e ,  
The s t u d i e s  w i l l  be d i r e c t e d  a t  determing t h e  n a t u r e  of condi t ions at 
t h e  s i t e  and t h e  long range p o t e n t i a l  h e a l t h  and s a f e t y  s i p i f i c a n c e  
of t h e  r a d i o a c t i v i t y  de t ec t ed  a t  t h e  Maxey F l a t s  s i t e  area. New York 
S t a t e  has  r e t a i n e d  consu l t an t s  and is working c l o s e l y  with t h e  s i t e  
ope ra to r  in determining what f u r t h e r  s t u d i e s  should b e  done a t  t h e  
West Val ley s i te  t o  assess c u r r e n t  cond i t ions  a t  t h e  si te and procedures 
f o r  ope ra t ion  of t h e  s i te .  I n  a d d i t i o n ,  t h e  U.S. Geological Survey and 
Environmental P r o t e c t i o n  Agency are conducting s t u d i e s  at s e v e r a l  
c o m e r c i a l  b u r i a l  sites. 

Comment 2.c.2. (page 2 ) :  

"Experience has  demonstrated t h a t  s tates may no t  have t h e  a b i l i t y  
t o  admin i s t e r  a p e r p e t u a l  c a r e  and maintenance o b l i g a t i o n  i n  a 
cont inuing,  r e spons ib l e  manner. I' 
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ERDA Response: 

Each of t h e  S ta t e s  having a commercial waste b u r i a l  f a c i l i t y  loca ted  on 
s ta te  owned land has es tab l i shed  a program f o r  the  perpetual  care and 
maintenance of the  s i t e  including the  acqu i s i t i on  of funds t o  carry ou t  
the program. 
of funds being accrued f o r  t he  Maxey F la t s  s i t e  and plans t o  reassess 
the  cu r ren t  funding arrangement. 
South Carolina are present ly  studying t h e i r  funding arrangements. 

Kentucky has recently expressed concern about the adequacy 

We also understand t h a t  New York and 

Comment 2.C.3. (page 2 ) :  

"Criteria f o r  s i t e  se l ec t ion  and evaluat ion has not  been developed 
well and does not  seem t o  have been uniformly appl ied.  Advances 
i n  e a r t h  sc ience  knowledge have not  been appl ied t o  f u l l  advantage. 
Predict ions and f indings i n  even e a r l y  s i t e  evaluat ions have, on 
occasion, been evaluated t o  such an ex ten t  t o  demonstrate t he  
buried waste w i l l  no t  migrate. 
exper t s  speak i n  terms of rate of migration, knowing t h a t  movement 
is inevi table ."  

On the  contrary,  waste management 

ERDA Response: 

Commercial low l e v e l  waste b u r i a l  sites are evaluated on a case by case 
b a s i s  aga ins t  a number of criteria t o  determine t h a t  the  predicted 
combination of geological ,  hydrological, geographical,  and topographical 
aspec ts  of the  proposed s i te  are such t h a t  the  migration of r ad ioac t iv i ty  
from the  buried w a s t e  i s  unl ikely.  The evaluat ions conducted f o r  t he  
ex i s t ing  si tes were conducted during d i f f e r e n t  periods of t i m e  and by 
d i f f e r e n t  individuals .  Although t h e  evaluat ions were conducted using 
e s s e n t i a l l y  equivalent  cr i ter ia ,  the  ,evaluations conducted recent ly  were 
probably more rigorous and based on t h e  present state-of- the-ar t  con- 
cerning the  land b u r i a l  of rad ioac t ive  waste as a d isposa l  method. The 
U.S. 
f u r t h e r  c r i t e r i a  f o r  the  evaluat ion of w a s t e  d i sposa l  sites and predic t ive  
models f o r  w a s t e  t ranspor t  over extended per iods of t i m e .  

Geological Survey is cur ren t ly  conducting a 5 year s tudy  t o  develop 

Comment 2 . C . 4 .  (page 2 ) :  

"An o r a l  r epor t  of migration from one such s i t e  was made t o  t he  AEC 
by representa t ives  from an Agreement S t a t e  as e a r l y  as October, 1974. 
Information w a s  reportedly made ava i l ab le  t o  the  AEC on migration 
from a t  least two sites much ear l ier ,  perhaps i n  1972 o r  1973." 
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ERDA Response: 

The Kentucky Department of Human Resources Report concluded (pg. 17) 

The rad ioac t ive  waste d isposa l  s i te  a t  Maxey Flats,  Kentucky is 
cont r ibu t ing  r ad ioac t iv i ty  t o  the  environment. 
detected i n  the  environment does not  create a publ ic  hea l th  
hazard. However, t he  l e v e l  of a c t i v i t y  detected demonstrates 
t h e  need t o  in t ens i fy  current  monitoring a c t i v i t i e s  t o  provide 
addi t iona l  information t o  determine t o  what poss ib le  extent 
migration of rad ioac t ive  material is occurring at the  s i te  and 
f o r  assess ing  the  long range s ign i f i cance  of the  findings.  

The movement of r ad ioac t iv i ty  from t h e  f a c i l i t y  could be through 
four  major routes:  

(a) Surface water run-off. 
(b) 
(c) 
(d) 

The a c t i v i t y  

Atmospheric f a l l o u t  from the  evaporator plume. 
Migration through geologic formation f i s s u r e  systems. 
Lateral migration through the  s o i l  zone." 

Kentucky f i r s t  reported the  r e s u l t s  of t h e i r  study t o  AEC regulatory 
s t a f f  personnel (now NRC personnel) i n  October, 1974. 
learned t h a t  water i n  trenches a t  t h e  West Valley, New York si te is 
cont r ibu t ing  t o  the  movement of r ad ioac t iv i ty  from the  trenches t o  the  
sur face  waters and a l s o  some l imi ted  migration of t r i t i u m  i n  the  s o i l  
adjacent  t o  the  trenches has been detected.  We have received no o ther  
reports concerning the  movement of r ad ioac t iv i ty  from b u r i a l  t renches 
a t  any of t he  o the r  sites. We know of no earlier repor t s  of migration 
during 1972 o r  1973 a t  t he  commercial low l eve l  waste b u r i a l  areas. 

We also recent ly  

Comment 2.C.5. (page 3): 

"(1) I f  waste d isposa l  operat ions by b u r i a l  is required t o  
hal t . .  . 
be generated.. .'I 

Sign i f i can t  r ad ia t ion  sa fe ty  problems could 

(2) "Removal of previously buried waste would be an astro- 
nomically expensive operation.. . . I '  

Some e a r t h  s c i e n t i s t s  seem t o  be very skep t i ca l  of t he  
success of grouting operat ions.  

(3) 
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(4) 'Other such procedures.. . ' are l i k e l y  t o  remain undefined, 
undefinable and would unquestionably be exceedingly 
expensive. 

ERDA Response: 

Contingency plans have been developed f o r  t h e  commercial l o w  l e v e l  
waste b u r i a l  areas. It is d i f f i c u l t  t o  develop a contingency plan 
which is appropriate  f o r  use at  a l l  sites. Each plan must be r e l a t ed  
t o  the  p a r t i c u l a r  geology, hydrology, geography and topography of t he  
si te.  When implementing t h e  plan i t  mst a l s o  be r e l a t ed  t o  the  type 
of material migrating and mode of migration. 
may be accomplished with r e l a t i v e l y  l i t t l e  expense (recapping and 
s e a l i n g  of t rench covers t o  keep water out)  whereas o thers  would be 
q u i t e  expensive (removing buried waste).  

Certain contingency ac t ions  

Comment 2.C.6. (page 3): 

... Fences and guards have not  been s u f f i c i e n t  t o  prevent 
apparent ly  de l ibe ra t e  divers ion of s to red  waste, including 
plutonium. " 

1' 

ERDA Response: 

We know of no case where there  has been apparent de l ibe ra t e  divers ion 
of s tored  waste, including plutonium. 
t o  prevent t he  po ten t i a l  exposure of unauthorized personnel to  r ad ia t ion  
from radioac t ive  waste at t h e  site. 

Access t o  the  s i te  is cont ro l led  

Comment 2.C.7. (page 3 ) :  

". . .Evidence ind ica t e s  t h a t  both container  and geological  
i n t e g r i t y  of the  s i t e  has been inadequate i n  r e t a in ing  
t r i t i u m  waste. 
approved when the  waste is contained i n  WT approved 
packages. 
short-term t ranspor ta t ion  hazard p o t e n t i a l ,  not  long-term 
content  re ten t ion  considerat ions necessary of d i sposa l  
by burial . .  ." 

Certain b u r i a l  procedures have a lso  been 

DOT conta iner  approval is' based on r e l a t i v e l y  
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ERDA Response: 

Packaging can and does provide a primary containment b a r r i e r  t o  the  
buried waste. However, no c r e d i t  is  taken f o r  t he  containment pro- 
vided by the  packaging s ince  it w i l l  eventual ly  decay or rupture  
thereby r e l eas ing  the  contents .  The evaluat ion of a waste disposal  
site is based on the  predicted a b i l i t y  of the  geological  and hydro- 
l o g i c a l  c h a r a c t e r i s t i c s  of t he  s i t e  t o  r e t a i n  the  buried waste. 
purpose of t he  packaging is t o  provide ease of handling, minimization 
of personnel exposure, s a fe ty  i n  t ranspor ta t ion  t o  the si te and t o  
prevent l o s s  of t he  rad ioac t ive  material t o  t h e  surroundings p r i o r  
t o  bu r i a l .  

The 

Comment 2.C.8. (page 4): 

"This descr ip t ion  is  highly idea l ized  as naive i f  meant t o  
encompass a l l  e x i s t i n g  sites. Based on personal experience 
with a s i n g l e  s i t e ,  exceptions were noted i n  six of the  nine 
paragraphs descr ibing a 'model' s i t e  operat ion compared t o  
ac tua l  operat ions .I1 

ERDA Response: 

The "Description of Model Land Burial  Fac i l i ty"  i n  the  LMFBR Program 
Proposed Final Environmental Statement (and Reference 22)  were based 
on information contained i n  WASH-1143 "Land Burial  of Solid Radio- 
ac t ive  Wastes: Study of Comerc ia l  Operations and Fac i l i t i e s . "  The 
operator  of t he  s i t e  a t  Maxey F la t s ,  Kentucky has experienced d i f f i -  
c u l t i e s  i n  the  management of water a t  the  s i t e .  Problem have been 
i d e n t i f i e d  i n  the  pas t  r e l a t i n g  t o  record keeping and b u r i a l  procedures. 
The s i t e  operator  and th2 s t a t e  have worked c lose ly  t o  co r rec t  any 
de f i c i enc ie s  which may have ex is ted  in the  operat ion of the  s i te .  

Comment 2.C.9. (page 4): 

"a) Radioactive e f f l u e n t  releases are rout ine  f o r  a t  least 
one si te.  
The t o t a l  quant i ty  of rad ioac t ive  material contained i n  
a b u r i a l  s i t e  w i l l  be q u i t e  la rge .  
Evidence ind ica t e s  t h a t  plutonium can be included i n  the  
list of i so topes  which have apparently migrated t o  sur face  
s o i l s  and deep wel l s  ou ts ide  the  r e s t r i c t e d  area of a 
site." 

b) 

c )  
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ERDA Response: 

As discussed i n  the  ERDA response t o  comment 2.A, s i t e  operators  a r e  not  
authorized t o  release rad ioac t ive  w a s t e  t o  t he  environment p r i o r  t o  bu r i a l .  
However, a t  two sites ( in  New York and Kentucky) environmental releases 
occur through the  operat ion of treatment systems f o r  t he  water removed 
from the  b u r i a l  trenches.  

A n  ar t ic le  i n  Radiation Data and Reports (Val. 15, No. 12,  December 1974, 
pp. 359-767) repor t s  t he  following t o t a l s  f o r  waste buried a t  a l l  
commercial low l e v e l  waste b u r i a l  sites from 1962-1973. 
volume is large, the a c t i v i t y  ( c i / f t 3 )  is relatively law. 

Although the  

Byproduc t Source Spec ia l  Nuclear 
Volume Material Material Material 

(cubic f e e t )  (cur ies )  (Pounds) (Grams) 

9 ,l50,000 2,300,000 1,250,000 1,240,000 

The Kentucky Department f o r  Human Resources Report states on page 18: 

"Plutonium concentrat ions measured i n  c e r t a i n  ind iv idua l  samples 
co l l ec t ed  i n  the  un res t r i c t ed  environment and test w e l l s  exceed 
ambient l eve l s  .I1 

W e  know of no o ther  case where plutonium has been de tec ted  i n  environmental 
samples a t  commercial low l e v e l  waste b u r i a l  s i t e  which nay be  a t t r i b u t -  
ab le  t o  buried w a s t e .  

Comment 2.c.10. (page 4): 

"The descr ip t ion  is naive,  presumptive, i dea l i zed  and does not  
speak t o  very d i f f i c u l t  problems i n  monitoring design and da ta  
in t e rp re t a t ion .  
an agreement s ta te  may not ,  i n  i t s e l f ,  have any e f f e c t  on 
advancing on a pa r t i cu la r  problem when i t  developes." 

Approval of co r rec t ive  ac t ions  by the  AEC o r  

ERDA Response: 

The sec t ion  on monitoring w a s  intended t o  provide a b r i e f  non-technical 
descr ip t ion  of the  monitoring programs conducted a t  the  si tes only. It  
is not  f e l t  t h a t  add i t iona l  d e t a i l  regarding monitoring is des i r ab le  i n  
this p a r t i c u l a r  environmental statement.  
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Comment (pages 4 and 5 ) :  

"The EPA observations touch upon a very cr i t ica l  i s sue  i n  the  
c o m e r c i a l  waste d isposa l  industry.  The major waste generators 
have been heavi ly  subsidized by publ ic ly  funded research and 
development. Disposal companies have not  had t h e  bene f i t  of 
much of t h i s  research f o r  b e t t e r  methods. A t  t he  same t i m e ,  
t h e  pressure to  accomodate rap id ly  increas ing  volumes of vas te, 
i n  the  same manner, and at much t h e  same p r i ce ,  has gram.  I f  
d i sposa l  companies had been pressured by regulatory agencies to  
constant ly  improve on procedures, had enforced long s tanding 
r ece ip t  and t r a n s f e r  records requirements, disposal  methods 
would be advanced much beyond those now i n  use.  ...I' 

ERDA Response: 

The s ta te-of- the-ar t  €or  any technology, including t h e  technology fo r  
d i sposa l  of rad ioac t ive  wastes, is never s t a t i c  and the  impetus f o r  
change depends on many fac to r s  (economics and cos t  recovery, hea l th  and 
s a f e t y  considerat ions,  s o c i e t a l  and environmental considerat ions,  and 
research and development expendi tures) ,  The majority of research and 
development expenditures f o r  the disposa l  of rad ioac t ive  wastes has 
been d i r ec t ed  a t  t h e  d isposa l  of high-level wastes. Unt i l  recent ly ,  
no problems had been i d e n t i f i e d  a t  t h e  c o m e r c i a l  low level w a s t e  b u r i a l  
areas and def ic ienc ies  which did arise were cor rec ted  through normal 
enforcement procedures and ac t ion  by the  si te operators .  

Comment (page 5): 

"This c lose  inspect ion and enforcement a t t i t u d e  apparently w a s  
not  conducted uniformly with a t  least one l a rge  b u r i a l  s i te 
(Kentucky). Inspect ion gaps of two t o  four  years  have apparently 
occured, with l i t t l e  o r  no e f f o r t  t o  c l e a r l y  settle def ic ienc ies  
noted. 

"AEC audi tors  have per iodica l ly ,  reviewed the  Kentucky (an 
agreement s t a t e )  rad ioac t ive  material regulatory program t o  
ve r i fy  compatibi l i ty  with AEC procedures. 
review of t he  d isposa l  s i te  w a s  a cursory si te visit i n  1972. 
AEC aud i to r s  had, on occasion, been asked t o  review t h e  dis-  
posal s i t e  inspect ion,  compliance and environmental monitoring 
f i l e s ,  but had declined.' ' 

The first known 

_ _  . . - . . - . . . . . . - . 
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ERDA Response: 

We know of no i n s p e c t i o n  Raps of two t o  f o u r  y e a r s  and we b e l i e v e  
Kentucky has ,  i n  almost a l l  cases, taken a p p r o p r i a t e  a c t i o n  w i t h  
r e s p e c t  t o  d e f i c i e n c i e s  noted du r ing  i n s p e c t i o n s  al though,  on 
occasion,  t h e  S t a t e  could have taken more prompt ac t ion .  We do 
n o t  b e l i e v e  NRC reviewers  have dec l ined  t o  review t h e  i n s p e c t i o n ,  
compliance and environmental  monitor ing f i l e s .  NRC meetings wi th  
t h e  Agreement State programs i n c l u d e  a review of l i c e n s i n g  and 
i n s p e c t i o n  ac t ions .  A sampling of t h e  new l i c e n s e s  i s sued  by t h e  
State since the previous meeting are reviewed and NRC reviews the 
l i c e n s i n g  and i n s p e c t i o n  f i l e s  p e r i o d i c a l l y  f o r  t h e  l a r g e r  
l i c e n s e d  programs. 
I n s p e c t i o n  f i l e s  w a s  conducted i n  1971 and 1972 and a review of 
t h e  l i c e n s i n g  and i n s p e c t i o n s  f i l e s  w a s  conducted du r ing  1974. 
Earlier NRC meetings wi th  Kentucky involved a d i s c u s s i o n  of t h e  
I n i t i a l  l i c e n s i n g  a c t i o n s ,  s t a t u s  of t h e  b u r i a l  s i t e  and environ- 
mental  monitor ing program. S i t e  visits w e r e  conducted i n  1964, 
1973 and 1974 by AEC (now NRC) personnel.  

A review of t h e  Kentucky d i s p o s a l  s i te 's  
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UNITED STATES 

ENERGY RESEARCH AN0 DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Ms. Anne Esson 
2616 Indian Tr .  
St .  Joseph, Missouri 64506 

Dear Ms. Esson: 

Thank you f o r  your postcard commenting on the  Liquid Metal Fast  Breeder 
&actor  (LWBR) Prosram. The E-rgy Research and Development Administra- 
t i o n  (ERDA) has ca re fu l ly  considered all comments received on the  Proposed 
F ina l  Environmental Statement (PFES) f o r  the LMFBR Program as w e l l  as the  
tes t inony received during the  Publ ic  Hearing held on May 27-28, 1975 and 
has  taken these views i n t o  account i n  t h e  preparat ion of the Final  
Environmental Statement f o r  the  W B R  Program. 
your information. 

ERDA review of t he  Environmental Statement has led t o  the conclusion t h a t  
development of t h e  IXFBR through t h e  research and development and demon- 
s t r a t i o n  phases is warranted. 
upon the successful  r e s u l t s  of t he  program. 
t h a t  t h i s  development should not  be accomplished t o  the exclusion of 
o the r  reasonable a l t e rnac ives  f o r  energy production, but r a t h e r  t h e  L.hlFBR, 
together  with o the r  e l e c z r i c a l  generation sys tens  and a vigorous conser- 
va t ion  program, can help t o  meet t h i s  country 's  fu ture  energy requirements. 

Hopefully your reading of t he  enclosed Environmental Statement w i l l  
a l l e v i a t e  your concerns. 
Program. 

A copy is enclosed f o r  

Commercial use of t he  LMFRR w i l l  depend 
ERDA f u r t h e r  concluded 

Thank you f o r  your i n t e r e s t  on the  LMFBR 

Sincerely,  

b d s i s t a n t  Administrator f o r  
Environment and Safety 

Enclosure : 
F i n d  Ecvironmental Statement, 

LElFBR Program 

n 
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OFFICE OF THE SECRETARY OF TRANSPORTATION 
WASHINGTON, D.C. 20590 

A f S I S l A N T  5 f t M T A R V  

Mr. W. H. Pennington 
Assessments and Coordination Officer 
Division of Biomedical and 
Environmental Research 

Energy Research and Development Administration 
Washington, D.C. 20545 

APR 1 7  1975 

Dear Mr. Pennington: 

Department of Transportation personnel have reviewed the proposed 
final environmental impact statement (EIS) for the Liquid Metal Fast 
Breeder Reactor Program. The statement was sent to us for comment on 
February 7 ,  1 9 7 5 .  

Our review focused particularly on the transportation aspects of the 
statement. On these matters, the statement appears to be in accord 
with current Department of Transportation,. Nuclear Regulatory Commis- 
sion and Energy Research and Development Administration requirements 
for transportation of radioactive materials. Responses to coments 
received relative to transportation appear to be consistent with the 
philosophy of all three agencies. As a consequence, we find the trans- 
portation section of this EIS to be acceptable. 

Sincerely, 
I. 

Benjamin 0. bavis, Jr. 
Assistant Secretary for Environment, 
Safety, and Consumer Affairs 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Mr. Benjamin 0. Davis, Jr. 
Aasistant Secretary for Environment, 

Department of Transporration 
Washington, D. C. 20590 

Dear Mr. Davis: 

Safety, and Consumer Affairs 

Thank you €or your letter of April 17, 1975 commenting on the Proposed 
Final Environmentai Statement €or the Liquid Metal Fast Breeder Reactor 
(LMFBR) Program. We note that your review focused particularly on the 
transportation aspects of the statement and that, on these matters, 
YOU found that the Statement appears to be in accord with current 
Department of Transportation (DOT), Nuclear Regulatory Commission (NPC) 
and Energy Research and Development Administration (ERDA) requirements 
for transportation of radioactive materials. 
found that the transportation section of the Proposed Final Environmental 
Statement was acceptable and that responses to comments received 
relative to transportation appear to be consistent with the philosophy 
of the DOT, NRC and ERDA. 

Thank you again for your comments. 
Statement are enclosed for your information. 

We are pleased that you 

Copies of the Final Environmental 

Sincerely, 

) ) $ d h . x L  J es L. Liveman 

Administrator €or 
Environment and Safety 

Enclosure: 
Final Environmental Statement, 
LMPBR Program (6 copies) 
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UNITED STATES DEPARTMENT OF COMMERCE 
The Assistant Secretary for Science and Technology 
Washington. D C 20230 

April &, 1975 

Mr. W. H. Pennington 
Asses  sment  and Coordination Officer 
Division of Biomedical and 

Environmental Research 
Energy Research and Development 

Administration 
Washington, D. C. 20545 

Dear Mr. Pennington: 

The proposed final environmental impact statement for "WASH-1535- 
Liquid Metal Fast  Breeder Reactor Program (LMFBR), " which accompanied 
your le t ter  of February 11, 1975, has been received by the Department of 
Commerce for  review and comment. 

We have reviewed the statement and offer the following comments for  
your consideration. 

Based upon our review, we believe the proposed final environmental impact 
statement satisfies the requirements for such a statement established pur- 
suant to the National Environmental Policy Act of 1969. 
have no information which would lead us to disagree with the major  con- 
clusion o f  the environmental impact statement, i. e. that the LMFBR can 
be developed as a safe, clean, reliable and economic electr ic  power 
generation system and that the advantages of developing the LMFBR a s  an  
alternative energy option f a r  outweigh the attendant disadvantages. 

Furthermore,  we 

Utilization of the LMFBR would involve several  significant environmental 
problems pertaining to the processing and transporting of plutonium, and 
the safeguarding of nuclear mater ia ls  and facilities against theft o r  
sabotage, and the disposal and storage of radioactive wastes. These 
problems a r e  extensively discussed in the environmental statement. 

The electr ical  energy needs of the Nation a r e  likely to grow to such an 
extent that existing o r  developing methods of energy production wi l l  not be 
sufficient to meet the requirements.  All reasonable options need to be 
pursiicd i f  the Nation is  to be assured  of a secure electrical  energy supply. 
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C;ommercial application of the LMFER would extend the energy s tores  
ot  our  low-cost uraniiim resources  f rom decadcH to centuries and reduc r* 
the total environmental impact from the generation of electricity. It 
would a l so  reduce occupational injuries and fatalities associated with 
energy supply and provide substantial economic benefits. 
preparation of the environmental impact statement, the cost-benefit study 
for the program was updated. It continues to show, even under extremely 
conservative assumptions, that the presence of a viable breeder industry 
in this country will provide benefits far in excess  of the investments re -  
quired to bring i t  to commercial  development. 

AS par t  of the 

Within the past  year  there  have been several  major independent reviews 
and assessments  of the LMFBR program which support it. Ear ly  las t  
year ,  AEC (now ERDA), a s  par t  of a continuing assessment  of the program, 
requested and received input f rom the program laboratories,  private 
industry, the utilities, and senior consultants. 
strong support for continuing the LMFBR program and s t ressed  the urgency 
of reaching, a t  an ear ly  date, the goal of a competitive, multi-vendor 
industry. 
AEC las t  fall and involved a review of the program, particularly with 
respect to the role of the demonstration plant (Clinch River Breeder  
Reactor presently under s i te  preparation) a s  a logical s tep in the path to 
LMFBR commercialization. 
should proceed expeditiously to develop the breeder to  a s s u r e  the continued 
long-term (1990's and beyond) availability of the nuclear fission power option. 

The reviewers indicated 

A further review of the LMFBR program was commissioned by 

The report  concluded that the government 

In addition to the conclusions reached by these reviews and studies, 
successes  in the French and Brit ish LMFBR programs continue to support 
their  decision to place a high priority on the development of the LMFBR. 
The U .  S .  program is expected to gain through technical exchange ar range-  
ments with these countries in the LMFBR development. 
crucial  that one recognize that the breeder  reactor  is only one of several  
options potentially available !to the U. S .  The development of the current  
nuclear industry a s  well a s  past  domestic and overseas  breeder  develop- 
ment has brought the breeder  c loser  to commercial  fruition than other 
advanced systems,  but fur ther  development effort is still necessary before 
commercial  viability for the U. S. i s  established. 

However, it i s  

One must  a l so  recognize that support for developing commercial  breeder 
reactor technology does not commit the U. S .  to widespread use of breeder  
reactors .  The development effort se rves  to consolidate one option. By 
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thc tima that a s u c c e ~ s f u l  commercial-sized breeder  is  developed and 
tlern>onstrata:tl, some of the present imponderable iincnrtainties relating 
to environmental safeguards and the growth rate 01 the tlamantl f o r  
electricity will be better understood and /o r  partially rcsolved. 

Thank you for giving us  an opportunity to provide these comments,  which 
we hope will be of ass is tance to you. We would appreciate receiving two 
copies of the final statement. 

Since rely , 

.Sidney R .  d a l l e r  U 
Deputy Assistant Sec r eta r y  
for Environmental Affairs 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Mr. Sidney R. Galler 
Deputy Assistant Secretary for 

Environmental Affairs 
U.S. Department of Commerce 
Washington, D. C. 20230 

Dear Mr. Galler: 

Thank you for your letter of April 16, 1975 commenting on the Proposed 
Final Environmental Statement (PFES) on the Liquid Metal Fast Breeder 
Reactor (LMFBR) Program. The conclusions resulting from your review, 
which are generally in accord with those eet forth in the PFES, are 
gratifying. 

The P E S  had been prepared under the auspices of the Atomic Energy 
Commission prior to the reorganization which led to the formation of 
the Energy Research and Development Administration (ERDA). ERDA has 
assumed the responsibility for conducting the LMFBR Program and 
accordingly has independently reviewed the PFES in the light of its 
charter for developing all feasible energy technologies, non-nuclear 
as well as nuclear. Written comments received on the PFES have been 
reviewed as was the testimony presented at a Public Hearing held on 
May 27-28, 1975. The Administrator has concluded that continuation of 
research, development and demonstration of the LMFBR concept is warranted 
and that continuation of the program will not constitute commitment to 
widespread commercial deployment of the LMFBR at this time. 
on widespread deployment will await definitive resolution of several 
environmental issues on which research, development and demonstration 
have not as yet been completed. 
safety, waste management, safeguards and uranium resource availability. 
The Administrator has also concluded that continuation of the LMFBR 

A decision 

These issues include aspects of nuclear 
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Program will not be at the expense of alternative power generation and 
conservation concepts which must be developed on a priority basis. 

The PFES has been incorporated as Section 11 into the Final Environmental 
Statement, copies of which have been enclosed herewith for your informa- 
tion. 
the LMFBR Program. 

Thank you again for your review of the PFES and your interest in 

Sincerely, 

/ & h - J L  J es L. Liverman 
sistant Administrator for 

wEnvironment and Safety 

Enclosure: 
Final Environmental Statement 
LMFBR Program (12 copies) 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGTON, D.C. 20546 

OFFICE OF THE ADMINISTRATOR 

Mr. James L. Liverman 
Ass i s t an t  Administrator f o r ,  

Energy Research and Development 

Washington, D.C. 20545 

Environment & Safe ty  

Administration 

D e a r  M r .  Liverman: 

I n  response t o  your l e t t e r  t o  M r .  Nathaniel B. Cohen, 
Di rec tor ,  Of f i ce  of Pol icy  Analysis, da ted  January 17, 
1975, NASA personnel have reviewed the proposed final 
environmental statement,  "Liquid Metal F a s t  Breeder 
Reactor, " WASH-1535. 

By way of in t roduc t ion ,  I should note t h a t  NASA p r e s e n t l y  
has no d i r e c t  programmatic r e s p o n s i b i l i t y  for terrestrial  
energy research  and development. W e  w e r e  given responsi-  
b i l i t y  f o r  work i n  solar and geothermal energy research  
and development by public Laws 93-409, 93-410, and 93-473; 
however, NASA's  f unc t ions  under those  acts w e r e  t r a n s f e r r e d  
t o  the  Energy Research and Development Administration (ERDA) 
ea r l ie r  t h i s  year.  
and o t h e r s  i n  applying aerospace technology tQ terrestrial  
energy needs, and w e  do have s o m e  e x p e r t i s e  i n  c e r t a i n  of 
t h e  a l t e r n a t i v e  technologies  considered i n  t h e  proposed 
statement.  Our review gave p a r t i c u l a r  a t t e n t i o n  t o  these 
areas and ou r  comments are as follows: 

NASA i s  p r e s e n t l y  working wi th  ERDA 

1. Enerqv Demand Pro jec t ions  

With r e spec t  t o  t h e  p r o j e c t i o n  of  f u t u r e  energy demand, w e  
d e f e r  t o  agencies having r e l e v a n t  s p e c i a l  r e s p o n s i b i l i t i e s  
o r  expertise f o r  comment on t h e  v a l i d i t y  of  t h e  va r ious  
demand p r o j e c t i o n s  used i n  t he  analyses,  inc luding  considera- 
t i o n  of such f a c t o r s  a s  p r i c e  and income e l a s t i c i t y  of demand 
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and e f f e c t s  of conservation programs. However, the 
demand project ions a re  sometimes s t a t ed  i n  terms of 
thermal energy input t o  e l e c t r i c a l  generating s t a t ions  
and, a t  o ther  times, i n  terms of e l e c t r i c a l  energy out- 
put. The thermal e f f i c i enc ie s  employed t o  r e l a t e  t he  
two are not e x p l i c i t l y  defined. This, i n  t u r n ,  makes 
comparisons d i f f i c u l t .  For example, it is  not readi ly  
apparent t h a t  t he  demand project ion of the  Department of 
the  I n t e r i o r  (Section 2.1.2.4) is  comparable, assuming a 
conversion eff ic iency of 33 percentb with t h e  “very 
small” demand project ion of Figure 11.2-5. Because of 
the  importance of demand project ions t o  the  r e s u l t s  of 
the  analyses, they should be s t a t ed  i n  uniform terms 
throughout the  report ,  with spec i f i c  reference t o  the  
assumed conversion e f f i c i enc ie s  where necessary. 

2. Al ternat ives  

W e  found the  technica l  information provided i n  Section 6 
on the  a l t e rna t ive  technologies i n  which w e  have some 
exper t i se  generally t o  be accurate, and we have no spec i f i c  
comments on the  mater ia l  presented. However, we bel ieve 
t h a t  t he  discussions i n  t h i s  sec t ion  could be improved by 
addi t iona l  consideration of l og ica l  combinations of energy 
technologies, each combination comprising an a l t e rna t ive  
energy s t ra tegy.  

For example, advanced coal  technologies, employing advanced 
mining techniques, clean fuels ,  and exhaust gas treatment 
f o r  reduced environmental e f fec ts ,  could be phased i n  as  
they become avai lable  f o r  replacement of obsolete  i n s t a l l a -  
t i o n s  and t o  s a t i s f y  pa r t ,  though not necessar i ly  a l l ,  of 
the  demand f o r  new generating capacity. The NASA-managed, 
ERD&/NSF-sponsored, Energy Conversion Alternat ives  study, 
when complete, should contr ibute  information on high 
ef f ic iency  energy conversion techniques t o  assist i n  an 
appra isa l  of  these advanced coal-related technologies. 
Other advanced energy technologies, such a s  s o l a r  and 
geothermal, have been shown by s tudies  t o  have t h e  po ten t i a l  
t o  contr ibute  a s ign i f i can t  f r ac t ion  of t he  nation’s e l e c t r i c  
energy needs by the  year  2000. “hey could thus be candidates 
f o r  consideration a s  supplementary technologies i n  such an 
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a l t e rna t ive  s t ra tegy.  It would seem appropriate t h a t  the  
environmental statement should examine log ica l  combinations 
of a l t e r n a t i v e  systems of t h i s  c lass .  

3. E x t r a t e r r e s t r i a l  Disposal of Nuclear Wastes 

Section 7.3.5, Radioactive Waste Management, gives considera- 
t i o n  t o  e x t r a t e r r e s t r i a l  disposal  of nuclear wastes a s  one 
po ten t i a l  fu ture  a l t e rna t ive  f o r  waste disposal.  Although 
the  concept i s  not considered i n  d e t a i l ,  t he  discussion does 
r e f e r  t o  po ten t i a l  environmental e f f e c t s  of launch vehicle  
operations. NASA has given consideration t o  the  po ten t i a l  
environmental e f f e c t s  of the Space Shut t le  now under develop- 
ment and has found t h e m  not t o  be s ign i f icant .  In  pa r t i cu la r ,  
of those you c i t e ,  water po l lu t ion  e f f e c t s  w i l l  be negl igible ,  
a i r  pol lu t ion  e f f e c t s  can be avoided through operat ional  
cons t ra in ts  o r  design changes, and launch noise w i l l  be 
negl ig ib le  ( the 115 dB noise l eve l s  c i t e d  would impinge 
only on areas  under NASA control  i n  t he  case of launch 
from our p r inc ipa l  launch s i t e ,  t he  Kennedy Space Center, 
Flor ida) .  W e  be l ieve  t h a t  it would be premature a t  t h i s  
time e i t h e r  t o  ru l e  out o r  t o  depend on an e x t r a t e r r e s t r i a l  
disposal  poss ib i l i t y .  
associated with Space Shut t le  operations w i l l  not be a major 
f ac to r  i n  considering t h i s  a l t e rna t ive .  

W e  recognize the extreme d i f f i c u l t y  and complexity of 
conducting an ana lys i s  of the  ant ic ipated e f f e c t s  of 
development and operation of a prospective, large-scale 
source of e l e c t r i c  energy s t i l l  under development. A 
program environmental statement of t h i s  nature i s  inherent ly  
one which undergoes continual reexamination and, i f  necessary, 
change a s  new information becomes ava i lab le  on the  system 
under development and on a l t e rna t ive  systems. 

We appreciate  t h e  opportunity t o  comment on t h i s  proposed 
f i n a l  environmental statement and would be happy t o  discuss  
our comments with you i n  more d e t a i l  a s  you put tfie report  
i n  f i n a l  form. 

Certainly the  environmental e f f e c t s  

~~~ 

1s H. hapley 
Associate Deputy Administrator 

cc : 
M r .  Russell  Peterson, CEQ 
M r .  W. H. Pennington, ERDA 
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UNITED STATES 

,,JS j;) WASHINGTON, D.C. 20545 

Hr. W i l l i s  H. Shaplp 
Associate Deputy A d d n i s t r a t o r  
Nat iona l  Aeronautics and 

Space Administration 
Washington, D. C. 20546 

Dear Mr. Shaply: 

Thank you f o r  your l e t te r  of A p r i l  21, 1975 c o m e n t i n g  on t h e  Proposed 
F i n a l  Environmental Statement (PFES) for t h e  Liquid Metal Fas t  Breeder 
Reactor (LXFBR) Prozram. The t h r e e  ques t ions  which are r a i s e d  i n  your 
letter a r e  discussed i n  t h e  ecclosurea.  

The Energy Research and Development Administration (ERDA) has reviewed 
all w r i t t e n  c o m e n t s  received on t h e  PFES as w e l l  as t h e  testimony 
received dur ing  t h e  Publ ic  Hearing he ld  on May 27-28, 1975, and has  
taken these d e w s  i n t o  account i n  t h e  prepara t ion  of t h e  F i n a l  
Environmental Statement for t h e  LPlFBR Program. Copies of t h a t  
Statement are enclosed f o r  your i n f o m a t i o n .  

The National Aeronautics and Space Adminis t ra t ion 's  revim of t h e  P E S  
and i n t e r e s t  i n  the  LHFBR Program are apprec ia ted .  

S incere ly ,  

Environment and S af e t y 

Enclosures : 
1. ERDA Responses t o  

2. Fina l  Environmental Statement,  
NASA Comments 

LMFBR Progran (5  copies) 
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ERDA Responses t o  Comments of W. H .  Shaply,  NASA 

Comment (pp. 1 and 2): 

Future  energy p r o j e c t i o n s  do no t  appear  t o  be p re sen ted  usinR 
a c o n s i s t e n t  set o f  units, making i t  d i f f i c u l t  t o  compare t h e  
v a r i o u s  p r o j e c t i o n s .  Demands are sometimes s t a t e d  i n  terms 
of thermal energy t o  power p l a n t s  and sometimes i n  terms of 
e lectr ica l  output. For example, the Department of Interior's 
p r o j e c t i o n s  i n  Sec t ion  2.1.2.4 are i n  thermal units whereas 
t h e  d a t a  i n  Fig. 11.2-5 are i n  e lectr ical  units. 

ERDA Response : 

W e  ag ree  t h a t  c o n s i s t e n t  energy u n i t s  are necessa ry  f o r  comparative pur- 
poses ,  and w e  have at tempted t o  maintain cons i s t ency  f o r  t h e  same types 
of energy requirements.  The Department of I n t e r i o r ' s  p r o j e c t i o n s ,  which 
you r e f e r  t o ,  are f o r  t o t a l  e n e r v  requirements;  t o t a l  energy r e f e r s  t o  
pr imary f u e l  consumption and is normally expressed i n  thermal  units. 
Figure 11.2-5 con ta ins  p r o j e c t i o n s  f o r  e l e c t r i c a l  energy demand. The 
primary energy r equ i r ed  t o  gene ra t e  t h e  e lec t r ica l  demand would, of course,  
depend on t h e  thermodynamic c h a r a c t e r i s t i c s  of t h e  gene ra t ing  system. 

Comment (pp. 2 and 3) : 

Technical  i n f o n a t f o n  i n  Sec t ion  6 on s p e c i f i c  a l t e r n a t i v e  
energy sys tern appears  t o  b e  s a t i s f a c t o r y  , bu t  t h i s  s e c t i o n  
could b e  improved by cons ide r ing  combinations of energy 
systems,  each combination comprising an a l t e r n a t i v e  energy 
s t r a t e g y  . 

ERDA Response : 

Sec t ion  11.1.2.2 examines some a l t e r n a t i v e  energy s t r a t e g i e s .  Nevertheless ,  
i n  response t o  comments by you and o t h e r s ,  t h e  a n a l y s i s  of a l t e r n a t i v e  
energy s t r a t e g i e s  h a s  been expanded and is presen ted  i n  Sec t ion  I11 F of 
t h e  F i n a l  Environmental Statement.  

comment (p.  3 ) :  

The d i s c u s s i o n  of e x t r a t e r r e s t r i a l  d i s p o s a l  of wastes given 
i n  Sec t ion  7.3.5 r e f e r s  t o  p o t e n t i a l  environmental  e f f e c t s  of 
launch v e h i c l e  ope ra t ions .  Based on s t u d i e s  made by NASA, it 
is concluded t h a t  environmental  e f f e c t s  of launch v e h i c l e  
ope ra t ion  will not  be a major f a c t o r  i n  cons ide r ing  e x t r a -  
t e r r e s t r i a l  d i s p o s a l .  
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ERDA Response: 

We agree  t h a t  launch-vehicle-related a i r  and water p o l l u t i o n  and n o i s e  
e f f e c t s  could b e  made acceptable  by proper design and opera t iona l  
c o n s t r a i n t s .  
simply f o r  t h e  purpose of i d e n t i f y i n g  f a c t o r s  t h a t  need t o  b e  
considered. 
Ympact of an aborted mission. 

These p o t e n t i a l  impacts were mentioned i n  t h e  PFES 

The primary concern is, as noted i n  t h e  PFES, t h e  



L. h k . . - @ ? :  
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Mrs. Harold Sandyrath 
R.D. #I Leader Road 
Box 232 
Waterloo, New York 13165 

D e a r  Mrs. Sandyrath: 

Thank you f o r  your letter of A p r i l  19,  1975 present ing your views on t h e  
Liquid Metal F a s t  Breeder Reactor (LEIFBR) Program. The Energy Research 
and Development Administration has  completed a two-year review of t h e  
environmental impacts of t h e  LMFBR program which w a s  i n i t i a t e d  under t h e  
auspices  of t h e  Atomic Energy Commission. This review, e n t i t l e d  "Final 
Environmental Statement on t h e  Liquid Metal Fas t  Breeder Reactor Program" 
addresses  t h e  concerns you express  with regard t o  t h e  s a f e t y  of LEIFBRs, 
plutonium safeguards and use  of a l t e r n a t i v e  energy sources.  Please 
r e f e r  t o  Sect ions 4.2.7, 7.4 and 6 of Sect ion I1 f o r  d i scuss ions  on 
these  quest ions.  

Although the elltrironmental review of t h e  LMFBR Program has l e d  ERDA t o  
conclude that cont inuat ion of research ,  development and demonstration 
of t h e  LMFBR concept is needed, cont inua t ion  of t h e  LMFBR Program w i l l  
no t  be  a t  t h e  expense of a l t e r n a t i v e  power generat ion and conservat ion 
concepts,  which must be developed on a p r i o r i t y  bas i s .  
o ther  technology opt ions ,  which are examined i n  Section I1 of t h e  
F i n a l  Environmental Statement,  are rece iv ing  s u b s t a n t i a l l y  increased 
appropr ia t ions  i n  t h e  c u r r e n t  f i s c a l  year  and are proceeding a t  a pace 
l imi ted  only by t h e  need t o  b u i l d  up t h e  new programs e f f i c i e n t l y  and 
e f f e c t i v e l y .  

Indeed, these  
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Mrs. Harold Sandyrath 2 

It is hoped that your review of the enclosed Final Environmental State- 
ment w i l l  alleviate your concerns. Thank you f o r  your interest i n  the 
LMFBB Program. 

Sincerely,  

sis tant Adninis t ra tor for  
Environment and Safety 

Enclosure : 
Final Environmental Statement, 
LMFBR Program 
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Westinghouse 
Electric Corporation 

lohn W Sirnpnon 
Director and 
Chaiimaii of the Energy Committee 

Westinghouse Building 
Gateway Center 
Pittsburgh Pennsylvania 15222 

A p r i l  18,  1975 

M r .  W. H .  Pennington 
Assessments and Coordination Off icer  
Division of Biomedical and Environmental Research 
U. S .  ENERGY RESEAFCH b DEVELOPMENT ADMINISTRATION 
Washington, D.C. 20545 

Dear M r .  Pennington: 

Accompanying t h i s  l e t te r  are the  Westinghouse de t a i l ed  
comments on the  proposed f i n a l  environmental statement 
on the  Liquid Metal Fast Breeder Reactor Program, WASH- 
1535. 

We apprec ia te  t he  opportunity to  review and comment on 
t h i s  document. The conclusions reached i n  WASH-1535 
enforce the  Westinghouse be l i e f  that the  LMFBR must be 
an e s s e n t i a l  contr ibutor  t o  the  na t ion’s  fu tu re  energy 
needs. It a l so  enforces our  contention t h a t  w e  must 
develop t h e  LMFBR now as a v i ab le  and r e a l i s t i c  na t iona l  
energy insurance pol icy t h a t  w i l l  r e tu rn  benef i te  w e l l  
before the  turn  of t he  century.  

There are some assumptions and f igures  within WASH-1535 
with which w e  disagree o r  which have changed s ince  the  
document w a s  wr i t ten .  We have noted these instances 
i n  the  at tached de ta i l ed  comments. I n  most cases, however, 
these disagreements tend t o  h ighl ight  the  conservat ive 
na ture  of t he  f igu res  used i n  the  document r a the r  than 
inaccuracies .  

Our conclusion is t h a t  WASH-1535 is an objec t ive  assess- 
ment of t he  impact of t he  LMFBR on the  enviroment .  
general ly  w e l l  wr i t t en  and well documented, and should be 
accepted as ERDA’s F ina l  Environmental Statement on the 
F B R  program. 

It is 

Sincerely,  A 

attachments 
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Westinghouse Advanced Nuclear 
Electric Corporation Systems Divisions 

I I Taylor 
Vice President and General Manage1 

I .  

Nuclear Center 
BOX 355 
Pittsburgh Pennsylvania 15230 

ANSD-57 

April 18, 1975 

Mr. W. H .  Pennington 
Assessments and Coordination Officer 
Di vi si on of Biomedical and Envi ronmental Research 
U. S. Energy Research and Development Administration 
Washington, D. C. 20545 

Dear Mr. Pennington: 

Viewed overall, the Proposed Final Environmental Statement o f  the L iqu id  
Metal Fast Breeder Reactor Program (WASH-1535) i s  an impressive and com- 
prehensive document. 
role o f  the LMFBR i n  the nation's energy f u t u r e .  

I t  takes a realistic and positive approach t o  the 

I t  may appear t o  some in reading WASH-1535 t h a t  the objective o f  the LMFBR 
i s  to  eliminate the use o f  gas and aid in the production of electricity. 
This is  not the case. Rather, the LMFBR i s  needed t o  assure an adequate 
and reasonably priced primary energy source for the f u t u r e .  
of the world's reserves of oil'and gas is  within sight. The LMFBR is the 
only proven technology t h a t  can assure adequate electricity i n  the latter 
p a r t  of this century and the early pa r t  of the next century when the 
dwindling supplies of oil and gas, and the environmental impact of mining  
coal and lower grade uranium will become severe. 

I t  is  our opinion t h a t  WASH-1535 should be accepted as the Final Environ- 
mental Statement for the L iqu id  Metal Fast Breeder Program w i t h  the following 
comnents. 

The exhaustion 

Urani um Supply 

The recent Preliminary National Uranium Resource Evaluation (PNURE) results 
of 3.45 million tons of uranium available, before shale must be mined, 
represents the best current estimate t h a t  can be used w i t h  confidence in 
planning energy policy. The WASH-1535 base case estimate of four million 
tons, n o t  including shales, is conservative. 

More optimistic estimates of potential uranium resource t h a n  the base case 
i n  WASH-1535 have been proposed by others. 
Power Research Institute ( E P R I ) ,  an estimate of 13.2 million tons of uranium 

In one such study by the Electric 
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a t  less t h a n  $100 per pound was proposed. 
confidence factor. 
planning on a resource estimate which has only a 50/50 change of being 
correct. 

This estimate has only a 50% 
I t  would not seem prudent t o  base national energy 

Other optimistic estimates have resulted from the misapplication of oil 
and gas resource estimation techniques t o  uranium. 
deposited i n  a totally different geologic manner t h a n  gas or o i l ,  i t  i s  
debatable whether theoretical world models of urani urn resource distribution 
i s  a valid basis for estimating national uranium resources. 

Envi ronmental Effects 

In Section 1.4.3, page 1.4-10, middle paregraph, the value of one-tenth 
for the transuranic concentration factor i n  plants i s  quite conservative. 
The values used for plutonium are a t  least  two orders o f  magnitude lower 
t h a n  t h a t .  

Since uranium i s  

Radioactive Wastes 

Solidification and encapsulation of waste greatly reduce the probability 
t h a t  the radioactive material will be dispersed i n t o  the environment. 
retrievable surface storage, the method discussed most i n  the waste management 
sections of WASH-1535, represents a technically sound approach t o  the interim 
storage of high-level radioactive waste, complete public acceptance of nuclear 
power will probably require the solution of the question of permanent disposal. 

Uranium used in fission reactors, especially i n  breeder reactors, represents 
a vast energy resource. I t  is i n  the long-term national interest t h a t  ERDA 
i den t i fy  as expeditiously as possible, consistent w i t h  p u b l i c  safety, a 
technique o r  combination o f  techniques which represent a good method for the 
permanent disposal of radioactive waste. 

P1 utoni um Toxicity 

A great deal more information i s  provided i n  WASH-1535 on the health effects 
risk estimates compared w i t h  that given i n  the early March 1974 draf t .  Most 
of this information enhances the value of the report. 
opinion t h a t  the derivation o f  cancer mortality risk estimates from the BEIR 
report estimates provide an interpretation of the BEIR report data which i s  
overly conservative, especially w i t h  regards t o  lung, bone and l iver cancer 
risk factors. The data as provided here i s  based on the assumption t h a t  
a l l  cancers in the USA result from the background radiat ion dose. Since 
there are many other known causes of cancer, we believe i t  would be more 

While 

However, i t  i s  our 
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appropriate t o  use occupational exposure data  or the Hiroshima-Nagasaki 
atomic bomb casualty data (see Table f-2, page 152 from the BEIR report). 
If this data  is  utilized, the risk factor range i s  reduced from 16-110 
per million pewon-rem as given i n  Table IIG-24 to 0.2-1.8 per million 
person-rem. Similarly, the bone cancer risk factor i s  reduced from 2-17 
per million pewon-rem to 0.11-0.96 per million person-rem based on 
occupational exposure (page 129, B E I R  report). 

P1 utoni um Safeguards 

WASH-1535 provides an objective and comprehensive treatment of the poten- 
tial risks associated w i t h  diversion or theft of special nuclear materials 
as well as a good description o f  the security measures t h a t  have already 
been implemented and those t h a t  are being considered for the future. The 
Staff attempt t o  quantify the potential radiological consequences of assumed 
ac ts  of diversion or  sabotage should add credibility t o  the WASH-1535 analysis 
of this sensitive subject and should provide the public w i t h  some perspec- 
tive of the risks involved. 

WASH-1535 describes the present ERDAjNRC philosophy on Safeguards t o  protect 
against current and future risks from diversion or  theft of special nuclear 
materials. 
based on guidelines t h a t  will permit a nuclear fuel cycle facility t o  develop 
security measures which are best suited for its particular si tuation. 

Among the interruption activities under consideration t o  reduce the proba- 
bility of successful adversary action (Section 7.4.8), a key feature of an 
effective safeguards program i s  considered t o  be the ability of reserve law 
enforcement and/or military units to-provide a timely response force. The 
number of security personnel a t  fixed sites and accompanying shipments 
(1 imi ted by practical considerations) could effectively delay an organized 
effort to  steal nuclear material b u t  prompt assistance would generally be 
required t o  insure t h a t  attempted theft i s  not successful. The viability 
of this important countermeasure is not clearly demonstrated i n  WASH-1535. 
I t  i s  recognized t h a t  appropriate steps are being taken t o  define and des- 
cribe the interagency security system i n  more detail such t h a t  the public 
can be assured of the feasibility and effectiveness of such assistance. 

We would like t o  stress the importance of a safeguards program 

A1 ternate Technology - LWR, HTGR 

This section states t h a t  the HTGR requires only about one-half of the uranium 
ore requirement of the LWR. T h i s  appears to  be an excessively large estimate. 
While the HTGR does require less uranium ore than the LWR, i t  i s  closer t o  a 
30% savings rather than  a 50% savings. Also, Westinghouse estimates indicate 

n 
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t h a t  the HTGR requires significantly greater (approximately 25%) quantity 
of enrichment work (SWU's) than  the LWR. I t  should be recognized tha t  the 
future requirement for enrichment capacity may be larger t h a n  projected i n  
WASH-1535. 

Alternate Technoloqy - CTR 

This section of WASH-1535 minimizes the problem yet t o  be solved and provides 
an overly optimistic portrayal of the prospects for early practical application 
of fusion for comnercial power production. The section conveys the misleading 
impression t h a t  fusion power plants, whether of the magnetic confinement or  
inertial confinement varieties, are just around the corner. This can lead 
t o  a misinterpretation t h a t  fusion i s  competitive with the LMFBR from the 
standpoint of the time frame of commercialization. A1 though Westinghouse 
encourages a vigorous and urgent development of fusion power, national policy 
cannot be based on i t s  early realization because the scientific feasibility 
of magnetically as well as inertially confined controlled fusion i s  yet t o  be 
demonstrated. 
technology i s  yet t o  be started, le t  alone completed, even t h o u g h  the lead 
times are long and one assumes eventual success. 

A1 ternate Technology - Non-Nuclear 

Geothermal - With  the following exceptions, this section i s  very well done 
and is  highly recommended as a primer on the subject. 

We feel t h a t  too much credibility is attributed to the Hickel report for 
i t s  estimates of resource base electricity production and research and devel- 
opment costs. The National Petroleum Council estimate of geothermal potential 
is  g i v e n  b u t  scarce mention i n  WASH-1535. Yet, i t  is the most realistic o f  
all the estimates by acknowledgement of experts i n  the field including Pa t  
Muffler of the U.S. Geologic Survey. 

I t  is  true as stated i n  6A.4.1.3, 6A.4-11 t h a t  the well spacing a t  the geysers 
may be a minimum of five acres, b u t  i t  does not state t h a t  the desired spacing 
is more like forty acres. 

I t  should also be noted t h a t  WASH-1535 overlooks the fact t h a t  environmental 
opposition has held up the licensing of u n i t  12 a t  the geysers for over 
three years w i t h  no end yet i n  sight. 

Solar - In general, we feel t h a t  this section was written so as t o  give every 
benefit of doubt t o  the various solar energy possibilities. 

Furthermore, developmental work on some of the requisite 

Despite this 
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favorab 

1 

e treatment, WASH-1535 reaches two conclusions w i t h  which we agree. 

Solar energy will probably provide some useful space heating i n  
this century which will replace some fossil fuel which  might 
otherwise be used. 

2. There probably will be no significant economic production of 
electrical power from solar energy sources i n  this century. 

There is  no indication in the da ta  t h a t  solar power can do the j o b  which 
the LMFBR will do in supplying base loaded electrical power plants. 

n 

Conservation of Enerw 

The statement tha t  electricity is  a much less efficient means of energy 
uti1 ization requires qualification. 

1 .  To deliver one BTU of heat t o  a home requires: 

( a )  2.2 BTU of gas a t  the processing plant 

(b )  3.2 BTU of nuclear fuel or fossil fuel a t  the generating 
plant when electric resistance heating is used 

(c)  1.6 BTU of nuclear fuel or  fossil fuel a t  the generating 
plant when using the heat pump. 

T h u s ,  an elec9rically driven heat pump is more energy efficient 
t h a n  gas. 

2. With natural gas supplies falling rapidly, and the national need 
t o  reduce consumption, there will be a shift t o  coal and nuclear, 
both being used t o  supply heat directly and i n  the form of elec- 
t r ic i  ty. Correspondingly, energy efficiency and ener 

alone. 
ability become important considerations, not energy --F e f i z y  

Energy Storage Devices 

WASH-1535 correctly points  out t h a t  efficiencies in electrical energy con- 
version above 40% will only come about through the development of advanced 
systems. 
develop coal conversion processes simultaneously w i t h  the development of 
advanced conversion systems. Without  coal gasification and 1 iquefaction 
capability, we will be seriously hampered i n  our efforts to  utilize advanced 

Insufficient emphasis is  given i n  this section on the need t o  

n 
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gas turbine - steam turbine cycles, fuel cells and MHD (magnetohydrodynamic) 
generators. 
fuel conversion efficiency, i t  is imperative t h a t  a fuel option based on 
coal be available. 

Since each of these systems has~the potential of more t h a n  40% 

The technology base for efficiencies of 45% i s  available now. 
there i s  ample evidence t o  suggest t h a t  using a combined steam-gas turbine 
cycle as the basic generating u n i t ,  a 45% efficient power plant can be 
developed by 1985. 
demonstration u n i t ,  i s  the logical technical plan. Thus, i t  i s  n o t  neces- 
sary t o  rely on the more speculative fuel cell system or MHD plant t o  achieve 
higher efficiencies. The da ta  given i n  Table 1.8-2 i n  the Summary, Volume 1 ,  
of WASH-1535 could reflect higher efficiency plants i n  assessing fossil fuel 
usage. 
compared t o  the technology t h a t  i s  likely t o  be available i n  the late 198Os, 
rather t h a n  considering a technology which i s  representative of 1975. 

The use of electrochemical energy storage will enhance the position of nuclear 
power plants, i n  general, and definitely improve the position of the breeder. 
The lower the fuel cost, the more favorable are the economics of storage 
systems. A battery storage system will also provide for the most efficient 
use of the base load nuclear system. Thus, the capital investment i n  the 
nuclear plant will be better utilized. I t  can be concluded t h a t  research and 
development on electrochemical storage should be encouraged since batteries 
will complement LMFBR plants i n  the future. 

Environmental Costs vs. Benefits 

The information i n  this section i s  consistent w i t h  the assessment contained 
i n  the Clinch River Breeder Reactor Plant  Environmental Report. 
indicate a net positive factor associated w i t h  the utilization of the LMFBR 
as a major contributor t o  the production of electrical energy. 

WASH-1535 does not ,  however, take full credit for advances made in systems 
designs, for instance, the recycling capability of the CRBRP Radioactive 
Argon Processing System, the redundant liquid processing systems or the low- 
pressure, low leakage systems. 

Licensing and Environmental Effects 

For example, 

Accelerating developments now underway, followed by a 

WASH-1535 i s  likely to be more credible i f  the breeder reactor i s  

Both documents 

Concurrent w i t h  the design of the Clinch River P 
Prototype, close liaison must be maintained w i t h  
Regulatory Commission ( N R C )  t o  ensure t h a t  the p 

a n t  and the Comnercial 
the newly designated Nuclear 
a n t  will meet the necessary 
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safety requirements. Licensing and successful operation of those plants will 
provide precedent for  rapid licensing of future commercial LMFBR plants. 
Environmental effects of the plant, including both local effects and effects 
during the entire fuel cycle must be continuously analyzed and reviewed w i t h  
the appropriate agencies. 
the radioactive wastes must continue and must provide a suitable waste 
management scheme i n  time t o  handle the wastes produced by the nuclear power 
industry. 

Cost/Benefit 

The Cost/Benefit portion of WASH-1535 i s  a careful and comprehensive study. 
The fundamental thrust o f  the Cost/Benefit analysis was t o  obtain a con- 
servative estimate o f  the do l l a r  benefit t o  be obtained f r o m  the LMFBR. In 
order t o  be conservative, estimates of future costs and t rends were made which 
were, in fact, quite detrimental t o  the LMFBR. For example, the separative 
work cost was assumed t o  be 36 $/swu throughout the study, while the current 
separative work price is  over 40 $/swu and rising. Also, the U308 price was 
assumed t o  be considerably lower than  current trends would indicate. 
the growth rate for electrical energy was assumed t o  be a decreasing function of 
time i n  all cases, and the discount rate of 10% i s  probably inordinately h i g h .  
However, even w i t h  these conservative assumptions, the LMFBR produced sub-  
stantial dollar benefits for all realistic cases. For example, the dollar 
benefit i n  the base case was 20 billion dollars. 

Development of long-term, permanent disposal of 

Furthermore, 

Using the results from the parametric calculations presented i n  the document, 
one can estimate the dollar benefit t o  be obtained from the LMFBR for a more 
realistic set of assumptions. For example, suppose one assumes a separative 
work price of 75 $/swu, a U308 price of approximately 40 $/lb. with two 
million tons of U3O8 consumed, an electrical energy growth rate o f  approximately 
4% per year in the year 2020, and a discount rate of 7.5%. Then, using the 
principle of superposition, which should hold in a linear analysis, the benefit 
due t o  the LMFBR can be estimated t o  be 80 billion dollars. 
is  only approximately estimated, i t  my in fact be a more accurate indication 
of the dollar benefit t o  be obtained from the LMFBR. This more realistic 
estimate is consistent w i t h  the most recent and comprehensive cost/benefit 
analysis titled "An Assessment of Economic Incentives for the L iqu id  Metal 
Fast Breeder Reactor" by T. R. Stauffer, R. S. Palmer and H. L.  Wyckoff. I n  
this analysis, their base case benefits for the LMFBR are estimated a t  
76 billion dollars. 

The essential point to  keep in mind i s  t h a t  the nation should not Close O f f  
what  appears to  be a viable electric energy option for the latter p a r t  of this 
century . 

Though this value 
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The Westinghouse position i s  tha t  the LMFBR has the least detrimental 
effect upon the environment of a l l  economic power generation methods t h a t  
will be available i n  significant quantities i n  the decades ahead. 
the only way t h a t  the nat ion can insure the minimum possible power genera- 
t ion  costs t o  the p u b l i c  and a t  the same time conserve our precious nat ional  
resources. 

I t  is  

Sincerely , 
WESTINGHOUSE ELECTRIC CORPORATION 

Vice President and General Manager 
Advanced Nuclear Systems Division 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Mr. John W. Simpson 
Direc tor  and Chairnan 

Westinghouse Electric Corporation 
Gateway Center 
Pi t tsburgh,  Pennsylvania 15222 

of t h e  Energy Cornittee 

Dear Hr. Simpson, 

Thank you f o r  your l e t te r  of Apri l  18, 1975 and t h e  accompanying 
Westinghouse de t a i l ed  comments an t he  Proposed Final  Environmental 
Statement on the  Liquid Metal Fas t  Breeder Reactor Program. We 
apprec ia te  t he  favorable comments on t he  Statement, and agree wi th  
your observation t h a t  t he  few disagreements l i s t e d  by Wes tinghouse 
l a rge ly  r e s u l t  from the  conservative assumptions used i n  t h e  
Statement. 
aqsumptions were used i n  many cases i n  view of the  mny unce r t a in t i e s  
involved i n  d i n g  pro jec t ions  decades i n t o  t h e  fu ture .  

In t h e  f i r s t  enclosure,  we o f f e r  responses t o  some of t he  poin ts  ra i sed  
i n  the  \Jestinghouse de t a i l ed  comments. We have also enclosed a copy of 
t h e  F ina l  Environmental Statement. We appreciate  t h e  t i m e  you have 
t a k a  to coment  on t h e  Proposed Final  Statement. 

Ps you a r e  probably well aware h ighly  conservat ive 

Sincerely,  

w s i s t a n t  Administrator f o r  
Environment and Safety 

Enclosures: 
I. ERDA Staf f  Responses 

2. Fina l  Environmental S t a tenent ,  
to Westinghouse Comments 

LMlBR Program 
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ERDA Staff Responses to Westinghouse Comments 

- Note: ERDA staff is in complete or substantial agreement with the 
Westinghouse coments captioned Uranium Supply, Radioactive 
Wastes, Conservation of Energy, Energy Storage Devices, 
Environmental Cost vs. Benefits and Licensing and Environmental 
Effects, for which no discussion appears necessary. 

(Comment Q .  2): 

"Environmental Effects 
In Section 1.4.3, page 1.4-10, middle paragraph, the value of 
one-tenth for the transuranic concentration factor in plants 
is quite conservative. The values used for plutonium are at 
least two orders of magnitude lower than that." 

ERDA Response: 

ERDA agrees that the value of one-tenth for the plutonium concentration 
factor in plants is quite conservative, and, together with other 
assumptions, probably lead to an overestimation of the amount entering 
man through ingestion, as stated on the refetenced page. 
perhaps is less conservative when considering americium and curium, 
however, or when chelates are present in the soil. These assumptions 
and the relevant data are discussed in Volume 11,-Section 4.7.4, page 
4.7-8, and in greater detail in Appendix II.G, Section II.G.3, page 
1I.G-26. 

This value 

(Comment pp. 2, 3) : 

"Plutonium Toxicity ... it is our opinion that the derivation of cancer mortality 
risk estimates from the BEIR report estimates provide an 
interpretation of the BEIR report which is overly conserva- 
tive ... The-data as provided here are based on the 
assumption that all cancers in the USA result from back- 
ground radiation dose. Since there are many other known 
causes of cancer, we believe it would be more appropriate 
to use occupational exposure data or the Hiroshima-Nagasaki 
atomic bomb casualty data . . . ." 

ERDA Response: 

While ERDA agrees that there is room for discussion with respect to 
the degree of conservatism contained in risk estimates based upon 
the BEIR report, it must be pointed out that the BEIR estimates are 
not based upon the assumption stated, but are in fact based upon a 
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l i n e a r  ex t rapola t ion  from the da ta  of :  
survivors ,  b) pa t i en t s  i r r a d i a t e d  therapeut ica l ly ,  and c )  groups occupa- 
t i ona l ly  exposed (BEIR repor t ,  page 2). U s e  of the BEIR repor t  and i t s  
a p p l i c a b i l i t y  t o  r i s k  est imates  of plutonium tox ic i ty  a r e  discussed i n  
Volume 11, Section 4.7.6, page 4.7-14, and Appendix I I . G . ,  Sect ions 
II.G.5.4 and II.G.5.5, pages 1I.G-59 and 1I.G-64, respect ively.  

a )  Hiroshima-Nagasaki atomic bomb 

(Comment pp. 3, 4):  

"Alternate Technology - LWR, HTGR 
This sec t ion  states t h a t  the HTGR requi res  only about one-half 
of the  uranium ore  requirement of the  LWR. 
an excessively l a rge  estimate. 
r a the r  than a 50% savings.  Also Westinghouse est imates  ind ica te  
t h a t  the  'HTGR requi res  s i g n i f i c a n t l y  g rea t e r  (approximately 25%) 
quantity of enrichment work (SwV's) than the LWR." 

This appears t o  be ... it  i s  c lose r  t o  a 30% savings 

ERDA Response: 

Westinghouse is  co r rec t  - the  U3O8 savings i s  c lose r  t o  30% than t o  50%. 
However, based on data given i n  WASH-1139(74) page 24, over a nominal 
s e rv i ce  l i f e  of 30 years ,  t he  HTGR requi res  less separa t ive  work than 
does the  "average" LWR, unless  one makes the  assumption t h a t  over 
half  of t he  LWRs operate  with plutonium recycle  over t h e i r  s e rv i ce  
l i v e s .  

(Comment pp. 4, 5):  

"Alternate Technolow - CTR and Non-Nuclear 
This sec t ion  of WASH-1535 minimizes t h e  problems y e t  t o  be 
solved and provides an overly opt imis t ic  por t raya l  of t he  
prospects  f o r  e a r l y  p r a c t i c a l  appl ica t ion  of fusion f o r  
commercial power production. 

"Solar was wr i t t en  so as t o  give every benef i t  of doubt t o  
the  var ious s o l a r  energy p o s s i b i l i t i e s . "  

ERDA Response: 

I n  general ,  a l t e r n a t i v e  technologies were given every benef i t  of doubt 
i n  the  PPES. Nevertheless,  many c r i t i c s  thought the treatment t o  be 
pess imis t ic  and self-serving. The repor t  of the  In t e rna l  Review Board 
to  the  Administrator made the  observation: 
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"...while t h e  PFES i s  unswervingly o p t i m i s t i c  concerning 
t h e  r e s o l u t i o n  of t e c h n i c a l  d i f f i c u l t i e s  w i th  regard t o  
t h e  LMFBR, i t s  v i e w  of the development of o t h e r  t echno log ie s  
is o f t e n  unduly pess imis t i c . "  

(Comment p. 7): 

"CostlBenefit  
I n  o r d e r  t o  be conservat ive,  e s t i m a t e s  of f u t u r e  c o s t s  and 
t r e n d s  were made which were, i n  f a c t ,  q u i t e  de t r imen ta l  t o  t h e  
LMFBR. For example, t h e  s e p a r a t i v e  work c o s t  was assumed t o  
be $36/SWU throughout t he  s tudy ... t h e  U3O8 p r i c e  w a s  ... 
considerably lower than c u r r e n t  t r e n d s  would i n d i c a t e .  
Furthermore, t h e  growth r a t e  f o r  e lectr ical  energy was 
assumed t o  be a decreasing func t ion  of t i m e  i n  a l l  c a s e s ,  and 
t h e  discount  rate of 10% is probably i n o r d i n a t e l y  high." 

JBDA Response: 

The assumptions used i n  t h e  cos t -bene f i t  a n a l y s i s  were, admi t t ed ly ,  very 
conse rva t ive ,  bu t  - as Westinghouse p o i n t s  ou t  - s t i l l  l e d  t o  s u b s t a n t i a l  
LMFBR b e n e f i t s  i n  most ca ses  considered. A few cases  were run t o  t e s t  
t h e  s e n s i t i v i t y  of t h e  resclts t o  more r e a l i s t i c  parameters.  Some 
a d d i t i o n a l  ca ses  using more r e a l i s t i c  s e p a r a t i v e  work and uranium c o s t s  
are discussed i n  Sect ion 111 F of t h e  F i n a l  Environmental Statement.  
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Pear M r .  Pennixton: 

Tt, has com~ to  my attention md t o  the attention o f  the Energy Conservation 
Oygmizntion of E-u&ene (Oregon) t h a t  U.S. policy on the breeder reactor i s  not 
yci; s e t  and t h a t  t h i s  i s  the time to express opinion re,rrarding the development of 
t h i s  pr0gr.m. 

opponed to nuclear f iss ion i n  general for two main reasons: 
any more radioactive waste should be produced before some t r u l y  effective way i s  
found for  dealing with it and for storing it for  the thousands o f  years t h a t  it w i l l  
bc poisonous to the enviroment; 2) perhaps even more immediately c r i t i c a l  i s  the 
question of securi ty  of plutonium. 
adequately protected against t h e f t  o r  dispersal  through accident. 95% secrbrity i s  
not enough. Only I O *  is satisfactory,  and t ha t ,  I believe, i s  beyond the a b l l i t y  
of mortal people. 

In  addition t o  these general objections, I must add, i n  the matter of breeders, 
the hazard of a f i l l - s ca l e  bomb-like explosion which would sca t t e r  fieLi6n by-products 
a l l  over a vast  geographic$ area with attendant poisoning of people and environment 
as occurred i n  the Japanese c i t i e s  i n  1945. 

divert  the f'unds into research f o r  solar ,  t i d a l ,  wave, methane, and other alternatives.  

1 hold with D r .  Edwmd Tel ler  when he says, "I do not l i ke  the hazard." I am 
1) I don't feel  t h a t  

I don't  f ee l  t h a t  plutonium i s ,  o r  can be, 

Please, f o r  a l l  these reasons, shut down the breeder development program and 

Th,mlc you fo r  your attention. 

Peter Bergel 
Energy Conservation Organization, 1059 Hilyard 
Eugene, Ore. 97401 
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Hr.  Pe te r  Bergel 
Energy Conservation Organization 
1059 Bilyard 
Eugene, Oregon 97401 

Dear Mr.  Bergel: 

This  is i n  response t o  your letter of Apri l  17, 1975 c o m n t i n g  on the  
Liquid Metal Fast  Breeder Reactor (LMFRR) Program. 
and Development Administration has completed a comprehensive review of 
the  environmental impacts of t he  LMFBR Program and has published a Final  
Environmental Statement on the  subjec t .  
information. 

With regard t o  pour f i r s t  concern. t h a t  of rad ioac t ive  waste d isposa l ,  a 
number of poin ts  are per t inent .  As discussed i n  d q t a i l  i n  Sect ion XI, 
4.6 of t he  F ina l  Environmental Statement, ERDA is studying permanent 
d i sposa l  concepts which would make long tern su rve i l l ance  unnecessary. 
The evaluat ion of promising geoloTical formations and si tes leading to 
a p i l o t  geological  reposi tory,  which i n  tu rn  could lead t o  a permanent 
d i sposa l  system, is a major pa r t  of t he  ERDA rad ioac t ive  waste program. 
A t  p resent ,  ERDA plans fu r the r  study of s eve ra l  promising geologic 
formations o ther  than bedded s a l t ,  including s tudy of m e c i f i c  promising 
sites, t o  br ing  the  state of knowledge of these  o the r  formations up t o  
t h e  same l e v e l  as t h a t  of bedded sal t .  The goal of t h i s  fu r the r  study 
is t o  permit a comparative evaluat ion of these  formations and t h e  s e l ec t ion  
of t he  optimum formation o r  formations f o r  p i l o t  p l an t  operat ions.  

Your secoad poin t ,  the  quest ion of provis ion of s ecu r i ty  f o r  plutonium 
is extensively addressed i n  Sect ion 7.4 and Appendix 1X.A of Sect ion 11 
of the  F ina l  Environmental Statement. Sect ion 111 C presents  a review 
of t h e  safeguards program being conducted t o  assure  t h a t  the increased 
amounts of plutonium expected t o  arise from the  widespread deployment of 
t he  LMFBR w i l l  be adequately protected aga ins t  t h e f t  o r  d i spersa l .  

F ina l ly ,  t he re  I s  no s c i e n t i f i c  basis f o r  assuning t h a t  UlFBR's are 
subjec t  t o  the  'I... hazard of a fu l l - sca le  bomb-like explosion." 
configurat ion of t he  core material, t he  oxide composition and the  
r e l a t i v e l y  low enrichment a l l  uil i tate aga ins t  t he  p o s s i b i l i t y  of a 

The Energy Research 

A copy is enclosed f o r  your 

, 

The 



Ht. P e t e r  Bergel 

V .83-3 

2 

fdl-scale explosion. I n  addi t ion,  t he  a t r ingen t  s a f e t y  design 
criteria, high q u a l i t y  assurance p rac t i ces ,  independent l i cens ing  
review and extensive operator  t r a i n i n g  l i m i t  the  r i s k  and consequences 
of any LKFBR accident  t o  a l e v e l  below t h a t  of any o ther  major U.S. 
industry.  

Although our  environmental review of the  LMFBR Program has l ed  ERDA t o  
conclude t h a t  continuation of research,  development and demonstration 
of t he  MFEiR concept is needed, cont inuat ion of t he  LMFBR Program w i l l  
no t  be a t  the  expense of a l terr .a t ive power generat ion and conservat ion 
concepts. which must be developed on a p r i o r i t y  bas i s .  Indeed, these 
o the r  technology opt ions,  which are examined i n  Sect ion I1 of the  F ina l  
Environmental Statement, are receiving s u b s t a n t i a l l y  increased appropriat ions 
in t he  cur ren t  f i s c a l  year  and are proceeding at  a pace l imi t ed  only by 
the  need t o  bui ld  up the  new programs e f f i c i e n t l y  and e f f ec t ive ly .  

It is hoped t h a t  your review of the  enclosed Fina l  Environmental Statement 
will a l l e v i a t e  your concerns. Thank you f o r  your i n t e r e s t  i n  t he  LMFBR 
Program. 

Sincerely,  

Environment and Safety 

Enclosure: 
Final  Environmental Statement, 
INFBR Program 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON. D.C. 20460 

APR e 3 1975 
OFFICE OF THE 

ADMINISTRATOR 

Mr. W.H. Pennington 
Assessment and Coordination Officer 
Division of Biomedial and 
Environmental Research 

U.S. Energy Research and Development 
Administration 

Washington, D.C. 20545 

Dear Mr. Pennington: 

In accordance with our responsibilities under NEPA and 
Section 309 of the Clean Air Act, as amended, the Environmental 
Protection Agency has reviewed the Atomic Energy Commission's 
proposed final environmental statement (PFES) on the Liquid 
Metal Fast Breeder Reactor (Lt4FBR) Program (Wash-15351, issued 
January 16, 1975. Our enclosed detailed comments are offered 
for coneideration prior to completion of the anticipated ERDA 
environmental statement on this program. 

Environmental impact statements often include consideration 
of factors not strictly environmental, particularly to the extent 
that these factors have relevance to, or an effect on, the 
environmental impacts. The overall economics and cost/benefit 
aspects of the LMFBR program are such factors, and they were 
assessed by the AEC staff in the PFES. Therefore, EPA's review 
and comments encompass these aspects as well as specific 
environmental issues. 

As was directed by the courts, the PFES addressed (as did the 
March 14, 1974, draft statement) the impacts of both the 
developmental program and the possible ultimate commercialization 
of LMFBR-type plants. We agree that this approach was and 
is appropriate, and we commend the AEC for its exhaustive efforts 
to explore the broader aspects of this evolving technology. 
After review of the PFES, we have concluded that (with the 
exception of those matters discussed in our enclosed detailed 
comments) the AEC has addressed the impacts and economic aspects 
of the overall LMFBR program about as well as can be expected, 
given the state of presently available information. In addition, 
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this programmatic environmental statement is beneficial in that 
it tends to highlight areas of uncertainty and informational 
gaps--thereby aiding in focusing or redirecting research and 
developmental programs to provide needed answers. The PFES 
has generally served this purpose. However, the absence 
of definitive information in certain key areas restricts present 
impact analyses and, thus, severely limits the effectiveness 
of the PFES. It is this problem that is of most concern to EPA. 

We believe the developmental portion of the LMFBR program 
can probably be conducted without any unacceptable adverse impacts 
on the environment. Nonetheless, there is some uncertainty 
surrounding the safety aspects of the Clinch River Breeder Reactor 
(CRBR) since there is a present lack of detailed design 
information. We realize that some of this information will be 
developed in the course of the necessary planning and design 
work and can be evaluated when the specific environmental 
statement and other documents are issued by the Nuclear Regulatory 
Commission in conjunction with the licensing of this facility. 
The PFES indicates that the general approach, as with light-water 
reactors, will be to utilize conservative design and siting 
practices to minimize safety risks. We agree that this will 
probably provide an adequate basic level of safety at the CRBR. 
Also, we are confident that, as new information is developed 
relative to safety, changes in plant design will be incorporated 
as necessary to ensure that the lowest practicable risk levels 
are maintained. 

With respect to the commercialization aspects of the LMFBR 
program, our review of the PFES indicates that current information 
is inadequate to predict the ultimate environmental impacts 
with any certainty. 
predictions will come from ongoing and planned research and 
development. Similar uncertainty, in our opinion, clouds the 
evaluation of the economic and costbenefit aspects of LMFBR 
commercialization. We have concluded from our review that 
overall LMFBR benefits are highly sensitive to variations in the 
assumed future electrical demand and uranium resource availa- 
bility, neither of which is reliably known at this time. Thus, 
it is not currently possible to make accurate costbenefit 
predictions regarding the program. 

uncertainties, EPA has not uncovered any evidence of unresolvable 
environmental problems which might preclude LMFBR commerciali- 

planned developmental efforts. However, in order to preserve 
flexibility for future energy decisions, we encourage ERDA to 

Much of the information needed to make such 

In spite of the existing environmental and economic 

. zation. Thus, we see no reason for abandoning present and 



v.84-3 

3 

continue (and expand where necessary) substantive exploration 
of feasible alternatives so that these will be in a sufficiently 
advanced state of development, should LMFBR commercialization 
not be possible. 

rapidly to conmercialization in order to capture the assumed 
benefits of breeder technology. However, in our opinion, the 
LMFBR would not be rendered Significantly less economic relative 
to other energy alternatives should problems delay the onset of 
commercialization. Recent downward trends in energy demand 
projections, in particular, appear to reduce the possible 
adverse effect of delay on program benefits. 
using the latest demand projections of Project Independence, 
our preliminary analyses indicate that a delay of 4 to 12 years 
might be accommodated without significantly reducing the 
uranium conservation value of the breeder. This should not 
be construed as indicating that EPA is necessarily advocating 
a delay, but that sufficient evidence exists to warrant 
reexamination of LMFBR timing assumptions. 

If it is established that additional time is indeed 
available for ERDA to consider LMFBR decisions, consideration 
should be given to the merits of program rescheduling. 
scheduling indicates what we believe to be highly optimistic 
assumptions concerning the time and effort needed for adequate 
resolutions of environmental and safety problems. 
developmental program were not tied to the earliest possible 
date for commercialization, additional time would be available 
to seek the best solutions to these problems and to optimize 
the overall program by utilizing new and possibly changing 
infonation relative to future uranium supply and energy 
demand. Further, although the PFES adequately considers 
possible nuclear and non-nuclear alternatives (based on current 
information), additional time could be used to advantage to 
refine such considerations and, thus, possibly improve environ- 
mental protection. 

As was indicated previously, although the AEC has assessed 
projected impacts about as well as can be expected utilizing 
present information, the absence of information in certain 
key areas severely limits the PFES. 

The PFES anticipates a developmental program that progresses 

Far example, 

Present 

If the 

We would encourage ERDA to 
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reexamine the environmental aspects of the program to the extent 
possible and appropriate as new environmental and environmentally 
related information becomes available. If you or’the ERDA staff 
have any questions concerning our comments, we would be happy to 
discuss them with you. 

Sincerely yours, 

Sheldon Meyers 
Director 
Office of Federal Activities 

enclosure 
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INIRODIICTION AND CONCLUSIOKS 

BPA has reviewed the Proposed Fi:ln; :. . ancntai Statement 
(PPES) prepared hy the U.S.  Atomic Energy Commission on the 
Liquid Metal Fast Breeder Reactor Program and issued January 16, 
1975. In our review we have emphasized the AEC responses to our 
comments on the draft environmental statement (DES). Our major 
conclusions are summarized as follows. 

In general, we believe the PFES has assessed the environmental 
impacts of the LMFBR program about as well as can be expected, 
given the state of present information. 
indicates that some important unknohms and uncertainties still exist, 
in the areas of reactor safety, transportation safety, radioactive 
waste disposal , and plutonium toxicity, which limit the accuracy 
with which environmental impacts can be forecast. 
were unable to conclude, on the basis of the information presented 
in the PFES,  that commercial development of the LMFBR program can be 
accomplished without causing future unacceptable environmental impacts 
Conversely, neither were we able to identify any unresolvable problems 
that would prcclude UIFBR commercialization. 
limited number of demonstration facilities (such as may be required 
to develop the LMFBR technology), we believe an adequate level of 
safety can probably be provided utilizing conservative design 
and siting criteria. 

However, our review also 

Consequently, we 

In addition, for a 

In proceeding with the developmental effort, there may be a 
buildup of inertia from governmental and industrial investment t o  
follow through deployment of commercial LMFBRs. Since the environ- 
mental impacts of a single commercial LMFBR cannot presently be 
predicted with certainty (much less those of full deployment), we 
would question a decision, based on the PFES,  to fully commit to 
LMFBR commercialization. In our judgment, such a decision should 
be made after an evaluation of information generated in the ongoing 
and planned research and development program, as it becomes .available. 

Our review of the cost/benefit analyses indicates that the LMFBR 
benefits presented are highly sensitive to variations associated with 
the assumed future electricity demand and uranium resources, neither 
of which is reliably known at this time. Therefore, it is not 
currently possible to make accurate cost/benefit predictions 
regarding the program. 
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:n our opinion, the time needed to resalve the environmental 
I , .  aicty questions assqcjatcd with the LblFBR program may be 
,,i-";'ier than that providcd in present scheduling. 
hDwrver, that additional time for such problems might be available. 
In view of the most recent energy demand projections by Project 
Independence, our preliminary analyses have led us to believe that 
a dclay of four to twelve years in the commercialization of the 
U t F B R  might be accommodated without significantly reducing the 
uranium conservation value of the LMFBR. This should not be 
construed as indicating that EPA is neckssarily advocating a delay, 
but that sufficient evidence exists to warrant reexamination of 
LMFBR timing assumptions. 

It appears, 

We encourage ERDA, in order to preserve flexibility for future 
energy decisions, to continue (and expand where necessary) substantive 
exploration of feasible alternatives so that these will be in a 
sufficiently advanced state of development, should LMFBR commercializa- 
tion not be possible. 
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INTRODUCTION 

Our primary concci. n >.:i , -aviwing the  proposed f i n a l  environ- 
mental statcrnent (PFES) has been the  adequate treatment of t he  
po ten t i a l  cnvironmental and sa fe ty  impacts associated with the  
LMFBR program. 
these  po ten t i a l  adverse environmental e f f e c t s  should be a t  least 
o f f s e t  by the  po ten t i a l  ne t  economic bene f i t s  o f  t he  program. 
is because of t h i s  c r i t i c a l  balancing between po ten t i a l  environ- 
mental and economic effects t h a t  we have devoted our a t t e n t i o n  
t o  the  economic a s  w e l l  a s  t he  environmgntal aspects of the  PFES. 
We want both t o  be presented as adequately as is poss ib le  i n  order  
t o  increase  the  l ike l ihood t h a t  the  proper balancing w i l l  be made. 

We be l ieve  tha t  the  cos t s  of avoiding or incur r ing  

It 

The proposed f i n a l  environmental statement (PFES) responds 
s a t i s f a c t o r i l y  t o  a l l  but  two of the de ta i led  EPA criticisms of t he  
benefi t -cost  analyses  presented i n  the  d r a f t  environmental statement 
(DES). 
presentat ion of the  r e s u l t s  of t he  s e n s i t i v i t y  ana lys i s  requested by 
EPA. 
projected bene f i t s  of t h e  LMFBR with respect  t o  high and low values 
f o r  four major condi t ions:  (1) fu tu re  supply of uranium; (2) c a p i t a l  
cos t  d i f fe rence  between LMFBRs and LWRs; (3) l eve l  of fu tu re  demand 
f o r  e l e c t r i c a l  power; and (4) rate of introduct ion of HTGRs. Fu l l  
explorat ion of the  e f f e c t s  of these va r i a t ions  would have required 
the  evaluat ion of 24 a l t e r n a t i v e s  - 
a l t e r n a t i v e s  and 16 "with LMFBR" a l t e r n a t i v e s  r e f l e c t i n g  the  t o t a l  
number of combinations poss ib le  given two poss ib le  values  f o r  each of 
t he  four  condi t ions t h a t  could be var ied.  Table 1 presents  a summary 
of t he  24 cases  which would have been explored under the  EPA request .  
In  addi t ion ,  Table 1 includes 12 add i t iona l  cases  t h a t  were evaluated 
and presented by t h e  AEC a s  p a r t  of the  s e n s i t i v i t y  ana lys i s .  
l a t t e r  cases  r e f l e c t  a pess imis t ic  assumption about t he  supply of 
uranium. 

One area  i n  which the  PFES ana lys i s  is de f i c i en t  is i n  the 

In  i t s  comments, EPA requested a s e n s i t i v i t y  ana lys i s  of t he  

e igh t  bas i c  "without LMFBR" 

These 

The purpose of t h e  s e n s i t i v i t y  ana lys i s  was t o  inves t iga t e  the  
degree to  which the  projected bene f i t s  of t h e  LMFBR program vary with 
d i f f e r e n t  assumptions about uncertain f u t u r e  conditions.  I n  
pa r t i cu la r  EPA believed t h a t  energy demand i n  the year  2020 possibly 
could be some 50% smaller than t h a t  projected using the  base 
pro jec t ion ;  t h a t  t he  uranium supply could be s i g n i f i c a n t l y  g rea t e r  
than t h a t  projected f o r  t h e  base case;  t h a t  t h e  c a p i t a l  cos t  
d i f f e r e n t i a l  between LMFBRs and LWRs could be s i g n i f i c a n t l y  higher 
than the  base pro jec t ion ;  and t h a t  t h e  HTGR growth cons t r a in t s  might 
be overcome by a change i n  program emphasis. 
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Most obse rve r s  would a g r e e  t h a t  w i t h  r e s p e c t  t o  t h e  b a s e  nr:-ry 
demand, c a p i t a l  c o s t s ,  and HTGR c o n s t r a i n t s ,  d e v i a t i o n s  from tl:? L.,ase 
p r o j e c t i o n s  a r e  l i k e l y  t o  be i n  only one d i r e c t i o n  - def in i t e l ; .  
downward - given r e c e n t  populat ion growth and energy demnd 
experience.  Such agreement could no t  be found wi th  respect t o  t ! ; e  
p r o j e c t e d  uranium supply.  AEC c o r r e c t l y  supplemented t h e  requesced 
s e n s i t i v i t y  a n a l y s i s  w i th  c o n s i d e r a t i o n  of a p e s s i m i s t i c  p r o j e c t i o n  
of f u t u r e  uranium s u p p l i e s .  Their  p e s s i m i s t i c  f o r e c a s t  r e f l e c t s  t h e  
b e l i e f  of many t h a t  f u t u r e  uranium s u p p l i e s  w i l l  b e  l i m i t e d  t o  
today's known and p o t e n t i a l  r e s e r v e s .  

The second a r e a  i n  which t h e  PFES responds poor ly  t o  EPA's 
comments i s  i n  t h e  a n a l y s i s  of t h e  e f f e c t s  of  a de l ay  i n  t h e  
i n t r o d u c t i o n  d a t e  of t h e  LMTBR on t h e  a n t i c i p a t e d  b e n e f i t s  of t h e  
program. The a n a l y s i s  p re sen ted  i n  t h e  PFES restricts a t t e n t i o n  t o  
c a s e s  t h a t  a r e  f o r  t h e  most p a r t  unfavorable  t o  any de lay ,  i .e . ,  c a s e s  
where a t  most one adve r se  f u t u r e  cond i t ion  occurs .  I n  subsequent 
s e c t i o n s ,  w e  have c a r r i e d  ou t  some p r i m i t i v e  a n a l y s e s  t o  e s t a b l i s h  a 
c o n t e x t  f o r  viewing t h e  p o s s i b l e  e f f e c t s  of a d e l a y  i n  t h e  L W B R  
i n t r o d u c t i o n  d a t e .  The PFES would be  g r e a t l y  improved w e r e  i t  t o  
expand i,ts t reatment  of t he  q u e s t i o n  of t iming of LNFBR i n t r o d u c t i o n  
inc lud ing  a d d i t i o n a l  s e n s i t i v i t y  ana lyses  using t h e  bene f i t - cos t  
model. 
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*i?reat I n c o r r e c t  Base f o r  Xeasur rnq  B e n e f i t s  

The m?asure of gross S e n e f i t s  a t t r i b u t a b l e  t o  t h e  LXFBR i s  
b a s i c a l l y  t h e  c o s t  s a v i n q s  r e a l i z e d  by providincj energy  to  meet t h e  
projected level of denand w i t h  L:iFBI?'s o v e r  t n e  costs o f  meet ing  t h e  
denand by LII2's.  I n  c a l c u l a t i n g  b e n e f i t s ,  t h e r e f o r e ,  t h e  o n l y  
d i f f e r e n c e  between the r e f e r e n c e  b a s e  case and t h e  L T B R  case shou ld  
be the presence o f  t h e  L T B R .  I n  T a b l e  I, each  r e f e r e n c e  base case 
h a s  two U T B R  cases f o r  conpa r i son  because  two l e v e l s  of EE'BR 
capital  costs have been p o s t u l a t e d .  
c o n s t r a i n t  on f!%R reactor i n t r o d u c t i o n ,  t h e  c o n d i t i o n s  f o r  t h e  base 
cases c o r r e c t l y  do n o t  v a r y  from t h e  compara t ive  LMFBR cases wi th  
respect to  any  of t h e  v a r i a b l e  c o n d i t i o n s .  

Except f o r  t h e  cases i n c l u d i n g  a 

T h i s  cor respondence  f a i l s  i n  t h e  HTGR c o n s t r a i n e d  cases because  
the reference base cases  assme a cons t r a in t  on IiTGR int roduct ion un 
to the y e a r  2020 w h i l e  t h e  compara t ive  LXFBE csses assume c o n s t r a i r i t s  
o n l y  to  t h e  yea r  2000. I n  Tab le  1, base cases 1 3 ,  16, 22 ,  31, and  34 
s u f f e r  from t h i s  a p p a r e n t  error. The r e s u l t s  f o r  base case 13 
conpar i sons -were  n o t  p r e s e n t e d  i n  Appendix Tab le  I V  D-1; it is n o t  
known i f  the sane mis t ake  w a s  rude t h e r e .  

The e f f e c t s  of t h i s  non-conformity on  gross b e n e f i t s  c a l c u l a t i o n  
could be h i g h l y  s i g n i f i c a n t .  

however, 
provided by t h e  PE'ES, Tab le  11.2-23. 
first r o w  o f  t 3e  table, t h e  gross b e n e f i t s  o f  t h e  UIFBP. p r o g r a n  are 
$19.4 b i l l i o n  when t h e  HTGR c a p a c i t y  c o n s t r a i n t s  to  the y e a r  2020 are 
imposed for t h e  non-breeder comparison. 
c o n s t r a i n t s  are  a p p l i e d  o n l y  t o  t h e  y e a r  2000 f o r  t h e  non-breeder 
case and a l l  o t h e r  a s sumpt ions  are h e l d  c o n s t a n t  the g r o s s  b e n e f i t s  
drop to  $14.6 b i l l i o n .  

110 b a s e  runs i n c l u d i n g  a y e a r  2000 
c o n s t r a i n t  on II'i'GR i n t r o d u c t i o n s  w e r e  p r e s e n t e d  i n  T a b l e  IV e-1, 

a n  i n d i c a t i o n  o f  t h e  e f f e c t  o f  t h e  a p p a r e n t  error is 
According to  t h e  d a t a  i n  the 

I f  t h e  'rITGR c a p a c i t y  

Foo tno te  "a" i n  T a b l e  11.2-23 s ta tes  t h a t  t h e  c o n s t r a i n t s  were 
n o t  " inposcd  (or needed)" beyonc? t h e  y e a r  2000 f o r  t h e  cases w i t h  t h e  
b r e e d e r  p r e s e n t .  T h i s  s t a t e n e n t  implies t h a t  *,e r e d u c t i o n  i n  gross 
b e n e f i t s  f r o n  $19 .4  t o  $14.6 b i l l i o n  can  be a t t r i b u t e d  w!iolly to  t h e  
r e d u c t i o n  i n  t h e  p r e s e n t  v a l u e  o f  t h e  t o t a l  costs of p roduc ing  e n e r y j  
i n  the non-breeder base c a s e s  b r o u g h t  a b o u t  by r e l a x i n g  t i l e  c a p a c i t y  
c o n s t r a i n t s  on  t h e  H E R  d u r i n g  t h e  period from t h e  y e a r  2000 th rough  
2020. 

These  data sur jqcs t  t h a t  i f  t h e  base case 1 i n  Tab le  1V.D-1 had 
XTGR c a p a c i t y  c o n s t r a i n t s  imposed o n l y  to t h e  y e a r  2000, t h e  ene rgy  
cost would be $20G b i l l i o n  i n s t e a d  o f  $210.8 b i l l i o n .  And, nore 
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irw: ir.tIy, t!ic g r o s s  b e n e f i t  o f  case 3 i n  Tab le  1V.D-1 would be 
r e Juccd  frc:n $13.4 tc! S14.G b i l l i o n .  

The data i n  Tab le  11.2-23 are n o t  s u f f i c i e n t  t o  allow a similar 
evaluation of tlic benefits estimated for the  other cases in Table IV 
D-1.  However, t h e  same i n c o n s i s t e n c y  wi th  r e s p e c t  t o  t h e  HTGR 
c o n s t r a i n t s  between t h e  b a s e  cases and  t h e  conpa r i son  Li4FBR cases 
persists f o r  a l l  t i e  estimates. The  HTGR capac ivy  c o n s t r a i n t s  are 
a p p l i e d  up  to t h e  y e a r  2910 f o r  t h e  non-EF32 imse cases. The 
c o n s t r a i n t s  a p p l y  o n l y  through t h e  y e a r  2000 f o r  t h e  L W B R  comparison 
cases. I f  t h e  comparison between c a s e s  1 and 3 i n  Tab le  I V  D-1 is 
r e p r e s e n t a t i v e ,  t h e  e l h i n a t i o n  o f  t h e  HTGR c o n s t r a i n t s  for the 
period from t h e  y e a r  2000 t o  t h e  y e a r  2020 c o u l d  reduce  t h e  e s t i m a t e d  
v a l u e  of gross b e n e f i t s  o f  t h e  UlF'DR by a b o u t  25 p e r c e n t .  

C e r t a i n l y ,  t h e  ev idence  is s u f f i c i e n t l y  q r e a t  t o  r e q u e s t  t h a t  
t h e  IiTGR c o n s t r a i n e d  b a s e  cases be r e r u n  w i t h  a year 2030 c o n s t r a i n t  
i n s t e a d  o f  a y e a r  2020  c o n s t r a i n t .  Dcpendinq on  t h e  unknown 
d i f f e r e n t i a l  e f f e c t s  o f  t h e  IiTGX and t h e  LJIFBR, t h e  b e n e f i t s  r e p o r t e d  
f o r  the HTCR c o n s t r a i n e d  cases c o u l d  be s i g n i f i c a n t l y  reduced. 

Until t h i s  confus ion  w i t h  r e s p e c t  t o  t r u e  b e n e f i t s  is c l e a r e d  
up, the r e s u l t s  o f  t h e  b e n e f i t - c o s t  a n a l y s i s  must be ques t ioned .  The 
mst direct  way t o  r e s o l v e  t h e  problem would be  t o  run t h e  HTGR 
c o n s t r a i n e d  cases f o r  a y e a r  2000 c o n s t r a i n t  and  t h e  compara t ive  
cases w i t h  a y e a r  2010 c o n s t r a i n t .  I n  t ha t  way cor rp le te  estinates o f  
the effects o f  both t h e  2020 and  2000 c o n s t r a i n t s  cou ld  be e v a l u a t e d .  

F a i l u r e  to Analyze S e v e r a l  o f  t!!c S e n s i t i v i t y  Cases 

EPA r e q u e s t e d  a s e n s i t i v i t y  a n a l y s i s  o f  t h e  combined e f f e c t s  o f  
two possible v a l u e s  f o r  four of t h e  major  i n p u t s  t o  t h e  b e n e f i t - c o s t  
a n a l y s i s .  The s e n s i t i v i t y  a n a l y s i s  r e q u i r e d  t h e  e v a l u a t i o n  o f  16 
possible cases (2,3,5,6,8,9,11,12,1:,15,17,1~,20,21,23, and 24) i n  
T a b l e  1. T a b l e  I V  D-1 i n  t h e  Appendix on i t s  r e s u l t s  for s i x  of t he  
r e q u e s t e d  cases (cases 3 ,0 ,9 ,15 ,20 ,  and  2 1 )  i r i  T a b l e  1. The r e s u l t s  
for cases 3 , 8 ,  and 9 do appea r ,  however, i n  g r a p h i c a l  form i n  F i g u r e  
11.2-11 o f  the b e n e f i t - c o s t  document. The r e s u l t s  f o r  cases 15,20 ,  
a n d  21 were n o t  found anywhere i n  the r ep r t .  The circled r e s u l t s  
p r e s e n t e d  i n  t h e  g r o s s  b e n e f i t  co lunn  o f  Tab le  1 w e r e  estimtec? by 
i n t e r p o l a t i o n .  For t h e  s a k e  o f  comple teness ,  t h e  document s h o u l d  
i n c l u d e  a n a l y s e s  o f  a l l  of t h e  r e c u e s t e d  1G cases and  t h e  r e s u l t s  
s h o u l d  a l l  a p p e a r  i n  Tab le  I V  D-1. 
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S u r u m r y  Results o f  t h e  S e n s i t i v i t y  Analysis  

'!'ah;e 1 i n  this document conta ins  36 cases:  1 2  base cases and 
24 Z.iTi3R cascs. Fhc 24 LHPBR cases  c o n s t i t u t e  t h e  s c n s i t i v i t y  
irnalysco f o r  2 va lues  of UlFBI: c a p i t a l  costs, 2 assumptions about  
HTCR's, 2 l e v e l s  of  energy denand, and 3 l e v e l s  of  uranium supply 
( 2 x 2 ~ 2 ~ 3  = 2 4 ) .  The 24 cascs can be broken down i n t o  t w o  12-case 
sets according to  t h e  presence or absence of a c o n s t r a i n t  on t h e  
in t roduct ion  of  HTGR's. Figures  11.2-10 and 11.2-11 i n  t h e  PFES 
purportedly present  t h e  r e s u l t s  o f  t h e  s e n s i t i v i t y  a n a l y s i s  fol lowing 
t h i s  breakdown. Figure 11.2-11 p r e s e n t s  t h e  r e s u l t s  f o r  t h e  12 cases 
wi th  no HTGR c o n s t r a i n t .  The companion Figure 11.2-10, however, 
onits t h r e e  important cases  - cases  15,20, and 21 i n  Table 1 o f  t h i s  
document. Inc lus ion  of  t h e  resul ts  f o r  t h e s e  t h r e e  cases would a l te r  
t h e  v i s u a l  impression of Figure 11.2-10. Tho benefi t :  picture would 
d e f i n i t e l y  be less favorable  to t h e  LMFBR. 
modified to inc lude  t h e s e  results for cases 15, 20, and 2 1  in Tablc 
1. 

Figure 11.2-10 should be 

I n t e r p r e t a t i o n  of E f f e c t s  of Changing Conditions on t h e  B e n e f i t s  of 
t h e  L!lF!?R -- 

Tables 11.2-23, 11.2-24, and 11.2-25 i n  t h e  PPES p r e s e n t  data to 
show t h e  independent e f f e c t s  of v a r i a t i o n  i n  HTGR c o n s t r a i n t s ,  
uranium supply,  and UlFDR c a p i t a l  costs .on t h e  e s t h i l a e d  benefits of 
t h e  =!FUR program. Such a table is not  presented for t h e  effects of 
v a r i a t i o n  i n  energy dcmand. 
presented i n  t h e  d iszuss ion  on pages 11.2-138 through 11.2-142 and i n  
F i g u r e  11.2-38. T h c ' t a b l e s  tend to be confusing i n  t h a t  the data are 
gross b e n e f i t  va lues ,  and y e t  t h e  tables' t i t l e s  refer only  to  
"benefits . '  Before t h e s e  b e n e f i t s  can be viewed as = b e n e f i t s ,  t h e  
$4.9 b i l l i o n  (present  worth) cost of t h e  XWBR program must be 
subtracted. 
ERDA's f i n a l  environmental  s ta tement  (FES). 

The e f f e c t  o f  energy denand is poorly 

This f e a t u r e  o f  t h e  tables should be made clear i n  

The tables (11.2-23 through 11.2-25) are u s e f u l  i n  t h a t  they  
i n d i c a t e  marginal changes. They i n d i c a t e  t h e  s i z e  and direction of 
t h e  e f f e c t s  of v a r i a t i o n s  on the est imated gross b e n e f i t s  of t h e  
LMFBR program. Because of t h e i r  conposi t ion,  however, they  do n o t  
provide s u f f i c i e n t  i n f o m a t i o n  on t h e  range of effects of t h e  v a r i o u s  
assumptions on t h e  v i a b i l i t y  of t h e  U F B R  program, i.e., t h e  e x t e n t  
to which v a r i a t i o n s  i n  t h e  c o n d i t i o n s  change t h e  eqt imated v a l u e  of 
t h e  bcnef i t -cos t  ra t io  o f  t h e  proqram. Tables  11.2-23 and 11.2-25, 
i n  p a r t i c u l a r ,  appear  to c o n t a i n  sets of s e l e c t e d  cases t h a t  d i s p l a y  
r e l a t i v e l y  very high levels of g r o s s  benef i t s .  
d i s p l a y  t h e  independent e f f e c t s  of v a r i a t i o n  i n  each assumed 
condi t ion  would bc to  p r e s e n t  t h e  whole a r r a y  o f  t h e  24 s e n s i t i v i t y  
cases organized i n  such a fashion a s  t o  e l u c i d a t e t h e  
independent e f f e c t s  better. For example, Table 2 p r e s e n t s  the d a t a  
i n  a way t h a t  emphasizes t h e  p a r t i a l  e f f e c t s  of changes i n  t h e  

improved way t o  
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uranium supply given any of thi. 8 d i s t i n c t  sets  of f u t  iiro c o n d i t i o n s  
t h a t  are a s s o c i a t e d  wit!! each 2' t;-c t h r e e  possil.: J l w r i s  of 'uranium 
supply 

Table 2 shows t h e  marked cTf-" : ' m: L .I(,- 1, uf uranium has 
on J.,MFIIR n e t  b e n e f i t s  - a l l  o t h c r  c ' r i  ' ; . t>c ir  I J 3 ~ n g  cciual. I n  each of 
t h e  8 p s s i b l e  conbinat ions of value; lor the o t h e r  t h r e e  c o n d i t i o n s  
(IITGR c o n s t r a i n t ,  U F B R  c a p i t a l  cost, and l e v e l  of energy demand), 
changes in the d i r e c t i o n  of increased  uraniun supply tend to  c u t  t h e  
perceived n e t  b e n e f i t s  of t h e  L!FBR i n  h a l f  for each incremental  
change. In  view of  t h i s  v o l a t i l i t y  of n e t  b e n e f i t s  with r e s p a c t  t o  
uranium supply,  it would appear d e s i r a b l e  to  collect  more information 
on uranium supply before  making a to ta l  commitment to  pursue t h e  n e t  
b e n e f i t s  of t h e  UWBR program. 

The l a s t  mlwnn o f  Table 2 c l a r i f i e s  an i s s u e  which is raised on 
page 11.3-1 i n  t h e  PFES conclusions,  "The ra t io  (B/C) f a l l s  below one 
o n l y  when t w o  or nore l a r g e  adverse circumstances--each considered 
unlikely-are assuned to  occur i n  concert ." So long a s  t h e  
unconstrained i n t r o d u c t i o n  o f  t h e  liTGR is considered a " l a r g e  adverse 
consequence," t h i s  s ta tement  is  t rue .  
condi t ion  is not  viewed as unl ike ly ,  then t h e  number o f  adverse 
c o n d i t i o n s  f o r  1 2  of  t h e  cases i n  Table 2 a r e  reduced by 1 to equal  
t h e  numbers i n  parentheses  i n  t!ie l a s t  colunn. Then i n  two i n s t a n c e s  
the ne t  benefits of t h e  UlFBR program are negat ive  with t h e  
occurrence o f  only one adverse condi t ion--ei ther  high LMFBR c a p i t a l  
costs very  l o w  demand (cases 3 and 8 i n  Table 2 ) .  

+ I f  t h e  unconstrained HTGR 

Table 2 p o i n t s  up t h e  s i g n i f i c a n c e  of t h e  uranium supply 
assumption wi th  r e s p e c t  to  t h e  n e t  b e n e f i t  estinate. S i m i l a r  tables 
could and should be included i n  ERDA's environmental  s ta tement  t o  
p r e s e n t  mre c l e a r l y  t h e  range o f  marginal e f f e c t s  of changes i n  t h e  
assumptions about  energy demand and LEWBR capital costs. 

ADOPTION DCCISIO:! RULE FOR D!XISIOPI UllDER uIICERTi\ftppY 

There are s e v e r a l  combinations of possible f u t u r e  c o n d i t i o n s  
t h a t  could r e s u l t  i n  the b e n e f i t - c o s t  a n a l y s i s  y i e l d i n g  negat ive  n e t  
b e n e f i t s  (11 of t h e  24 cases presented  i n  T a b l e  1). The b e n e f i t - c o s t  
a n a l y s i s  could d e a l  b e t t e r  with impl ica t ions  of  these  nega t ive  
b e n e f i t  cases i n  terms of t h e  o v e r a l l  assessment of whether t h e  
dollar b e n e f i t s  o f  the LMFER program exceed t h e  dollar costs. 

For example, one way t o  deal wi th  u n c e r t a i n t y  is to  a s s i g n  equal  
l i k e l i h o o d  to  a range o f  many possible f u t u r e s  and then  calculate t h e  
expected value o f  g r o s s  b e n e f i t s  of t h e  LMFRR program for each 
possible fu ture .  
va lue  analyses .  
assumptions,  first it is assumed t h a t  a l l  o f  t h e  24 U F B R  cases i n  

Table 3 p r e s e n t s  t h e  r e s u l t s  of two suc!i expected 
Expected g r o s s  b e n e f i t s  are c a l c u l a t e d  under t w o  
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"&le 1 are equal ly  l i k e l y  to  occur. Uncer that h,.. unption, t h e  
expcctcd gross  b e n e f i t s  of t h e  U4FBR program are $I::: b i l l i o n % .  
the socond case, t h e  veq  k s u  wsmium-supply cases h J w  be,:]: 
e l i n i n a t e d .  
l i k e l y  to  occur.  Cvcn under t h a t  assumption (ar?versc t r )  i::i.! L e '  ) 
t h e  expected gross  b e n e f i t s  of $5.6 b i l l i o n  exceed t h e  i l ~  f ' l l \ i > , -  - 1 

costs of $4.9 b i l l i o n .  

i n  

The remaiping -16 cases are then  considcrcd cq:iaLly 

The expected value,  however, is perhaps less appropr ia te  
measure of b e n e f i t s  than some o t h e r  not so mechanical criterion, such 
as  minimizing tho  mximUm regret. 
c o n d i t i o n s  wi th  r e s p e c t  to t h e  LMFBR occur  i n  case 1 2 ,  where IIGTR 
in t roduct ion  is unconstrained, LMFBR capital  costs are very high, 
energy denand is very low, and t h e  uranium supply is o p t h a l .  I n  
t h a t  case, t h e  p r o j e c t e d  n e t  b e n e f i t  o f  . the  LMFBR is -$4 b i l l i o n ;  
i.e., the nat ion  would end up l o s i n g  sone $4 b i l l i o n  i f  the LMFBR 
program were adopted. On t h e  o t h e r  hand, case 31 i n  Table 1 c o n t a i n s  
the condition's mst favorable to the LI.lFBR. In that case the 
projected n e t  b e n e f i t s  of t h e  proqran are $26 b i l l i o n ,  i.e., t h e  n e t  
cost of developing t h e  LYFBR could be $26 b i l l i o n .  Thus, t h e  
maxinuan r e g r e t  f o r  developing t h e  LMFBR could be $4  b i l l i o n ;  t h e  
maximum r e g r e t  f o r  n o t  developing could b e  $31 b i l l i o n .  Clear ly ,  
maximum r e g r e t  would be mininized by going ahead with t h e  LMFBR 
program. 

I n  Tab18 1, t h e  most adverse 

Ult imately,  t h o  acceptance or r e j e c t i o n  of LI4FBR program must be 
bascd upon a scheme f o r  dcaliilg O i t h  uncer ta in ty  t h a t  surpasses  t h o  
d iscuss ion  i n  t h e  e x i s t i n g  b e n e f i t - c o s t  ana lys i s .  The method of 
dea l ing  with u n c e r t a i n t y  should be made explicit i n  t h e  f i n a l  
bcncf i t -cos t  a n a l y s i s .  

PRDDJXtSS WITlI Tl!C RASE CASE: ENERGY D E W I D  PROJECTION 

Consideratio; o f  P r o j e c t  Independence Total Energy Demand 
P r o j e c t i o n  

1. Likelihood the Base P r o j e c t i o n s  are High 

As part of t h e  Project Independence R e p o r t ,  FEA preparcd bqse 
case p r o j e c t i o n s  for to ta l  energy denand as a func t ion  of t h e  price 
o f  o i l  over t h e  short-term period from 1972 to  1905. With t h e  
price of imported o i l  a t  $7 per barrel to ta l  energy demand w a s  
p r o j e c t e d  to grow a t  3.2 p e r  c e n t  per year.  With a price of $11 p e r  
barrel to ta l  energy demand w a s  p r o j e c t e d  t o  grow a t  2.7 per c e n t  per 
year.  

P r o j e c t  Indcpcndence also projected a long term "Base Case" 
total  demand for  energy. According to  t h a t  p r o j e c t i o n ,  to ta l  
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cneri?. cxsunp t ion  should grow a t  a rate of about 2.5 per  cent -per  
year f i u n  1985 thrpugh the  year 232%. 

Total  energy r:el?and fo r  the year 1370 was 67 3 t u  x l o L 5  
ncmrding t o  Table 11.1-7 of  t h z  PFCS. S m i l a r l y ,  t\e PFCS base I 
case fo rccas t  of t o t a l  energy dc:iand is 359 Rtu x The base 
case Pro jec t  Indepcnience pro jec t ions  can be conparec! t o  the  PFCS 
base case pro jec t ion  by applying tne Pro jec t  Independence growth 
rates t o  the  1370 tlcnand a s  follows: 

(1) E = 67 exp(l5r) exp(35 x .025) 

where r is the appropriate  r a t e  of growth of t o t a l  energy demand. 

The PFES projec t ion  f o r  e l e c t r i c  energy demand assumed +hat  65 
per cent  of t h e  t o t a l  enemy dcmanc! i n  t he  year 2020 woull be met by 
e l e c t r i c  power generation. Applylr,g the sane assunption t o  t h e  
P ro jec t  Independence derived n u h e r s ,  one ge t s  t h e  following s e t  of 
project ions.  

Tota l  Energy E l e c t r i c a l  Energy 
Base Cases Dcmnc?, Year 3030 Demand 2020 

$ 7 per b a r r e l  o i l  
$11 pcr b a r r e l  o i l  240 18.8 
PFES 3 59 28 

260 9TU x 10 l 5  20.3 Kwhr x lo1' 

These f igures  ind ica t e  t h a t  i f  t h e  base case Pro jec t  
Independence pro joc t ions  a r e  co r rec t ,  e l e c t r i c  energy demand f o r  the 
year  2020 w i l l  be 3 3  per  cent  o r  20 per cent  l e s s  than t h a t  pro jcc tca  
by t h e  PETS base case,  depending upon trhcther the p r i ce  of an 
imported b a r r e l  of o i l  is $11 o r  $7, respect ively.  

Apparent Inconsistence of Population and Total  Enerqy 3ernnd 
Pro jec t ions  

The PETS provides i t s  base na t iona l  e n e r n  fo recas t  i n  Table 
11.2-7 on page 11.2-53. According t o  t h e  t e x t ,  the  "project ions of  
t o t a l  energy consumption and er.ergy inputs  t o  t h e  e l c c t r i c a l  s e c t o r  
were made on the  b a s i s  of t h e i r  h i s t o r i c a l  r e l a t ionsh ip  t o  the  r e a l  
Gross IIational Product (GIP)." The apparent bas i s  fo r  t he  GNP 
es t imates  was the  E s e r i e s  populat ion.project ion of t h e  Bureau of the 
Census. 

Examinaticn of t he  h i s t o r i c a l  p o p l a t i c ? ,  GlTP, and t o t a l  enerqy 
demand data ,  however,suggests t h a t  the  PFES t o t a l  energy dcmnd. and 
GNP pro jec t ions  may not be cons is ten t  with t h e  population pro jec t ion  
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a t  least  in term of past expe r i ence .  
Ac tua l  PFES . F o r e c a s t  
Grc,.ntn Rate Growth Rate 

1950 1972 1952-1972 1970 - 2020 . ~ - - -  - 
U.S. P o p u l a t i o n  151.32 m i l l i o n  208.84 m i l l i o n  l . f i ? : ,  f i .8lR 

- T o t a l  Energy 
Demand 

3.4*  3.4 

GNP (1958 dollars) $355 b i l l i o n  $789 b i l l i o n  3.6 3.6 

*Rate ci ted on  page 11.2-54 of FFES. 

During t h e  period from 1950 t o  1372 the U.S. P o p u l a t i o n  grew a t  
an annua l  ave rage  r a t e  o f  1 .45  p e r  c e n t  per yea r .  During t h z t  t ine ,  
to ta l  energy  demand and G:IP grew a t  rates o f  3 . 4  and 3.6 per c e n t ,  
r e s p e c t i v e l y .  
growth and  growth i n  t h e s e  o t h e r  t w o  measures, it s e a s  ano;r.alous t o  
r e t a i n  such  h i s t o r i c a l  h igh  ra tes  o f  growth i n  encrqy  demand and  G!:P 
while p r o j e c t i n g  such  a r educe6  rate o f  growth i n  p o p u l a t i o n ,  as h a s  
been  done f o r  the PEES base case forecast. 

I f  t h e r e  i s  some r e l a t i o n s h i p  between p o p u l a t i o n  

%kc p r o j e c t e d  ra te  o f  qrowth of p o p u l a t i o n  o v e r  t h e  p e r i o d  from 
1970-2020 is o n l y  56 per c e n t  o f  t h e  p o p u l a t i o n  growth ra te  over t h e  
period f r o n  1950 t o  1972. 
comparable r e d u c t i o n  i n  t h e  rate of growth of t o t a l  energy  denand 
would a l so  occur .  
2.5 per c e n t  ( a s  p r o j e c t e d  by P r o j e c t  
1985-2020) would be e q u a l  to 74 p e r  c e n t  of t h e  ear l ier  p e r i o d ' s  3.4 
per c e n t  gro t l th  rate. 
c o n s i s t e n t  w i t h  t h e  p r o j e c t e d  reduced  rate of p o p u l a t i o n  growth. 

I n p l i c a t i o n  of P r o j e c t  Inc'cpendence P r o j e c t i o n s  f o r  t h e  Op t i iml  
T i n i n g  o f  t h e  E'iTTR In t roc 'uc t ion  Date 

It would be ext reme to  a r g u e  t h a t  a 

An annua l  growth ra te  i n  to tal  energy  denand o f  
Independence f o r  t h e  period 

Such a reduced  ra te  would appea r  more 

---- 
On page GO of EPA's comments on  t h e  DES it w a s  s u g g e s t e d  that 

the q u e s t i o n  of optimal t iming  fo r  t h e  i n t r o d u c t i o n  o f  t h e  LIFBR 
o u g h t  to  be d i s c u s s e d  i n  t h e  PFCS. 
the e f f e c t s  of t i m i n g  f o r  too few a l t e r n a t i v e s  t o  nake  a r e a s o n a b l e  
e v a l u a t i o n .  Table I V  0-1 c o n t a i n s  i n f o r m a t i o n  on  t i m i n g  for cases i n  
which a t  most or,s adverse assumpt ion  is made w i t h  r e s p e c t  t o  t h e  
overall base case. 
(-50%) demand p r o j e c t i o n  is n o t  p r e s e n t e d  under  any  c o n d i t i o n s .  

Unfo r tuna te ly ,  t h e  PFES a n a l y z e s  

Very i m p o r t a n t l y ,  t h e  e f f e c t  of t i n i n g  g i v e n  t h e  
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f l i c , e s s e n t i a l  j u s t i f i c a t i o n - f e r  t h e  L--:u;I i s  t h a t  it w i l i .  a l l o x  
n u c l e a r  -j?wer t o  expand wi th  l o x c r  costs f o r  =::el. 
decelerate t h e  rate af_._consun:,tiori of  lovcr J ! ) : ?  Ixrc:  t grade uranium 
r e s o u r c e s  a t  h i g h e r  and h i g h c r  Lxices. On t h e  -:kr ban;:., 
developincnt of L W B R  is  going  to be a c o s t l y  proGz,-;:. The  o p t i n a l  
t i m e  for i n t r o d u c t i o n  of t h e  XLFBR woulc?, t h e r e f o r e ,  ;..i'?car t o  dcpcnc! 
upon a trade o f f  between d i scoun ted  costs of devclopi?e:lt and  t h e  
d i s c o u n t e d  o p p o r t u n i t y  c o s t  o f  having  t o  pay h i g h e r  prices f o r  
n u c l e a r  f u e l  t han  would be  necessa ry  were t h e . D r c e d e r  a v a i l a b l e .  The 
speed  a t  which hiGhcr p r i c e s  f o r  uranium w i l l  deve lop  i s  a f u n c t i o n  
of the a v a i l a b i l i t y  of uranium r e s o u r c e s  anc? t h e  ra te  a t  which denand 
for energy  grows. I t  seems l o g i c a l  t h a t  e i t h e r  some l e v e l  o f  
depresscc? dcnand o r  sone level of cx?andcd uranium supply or  sone 
c o n b i n a t i o n  of l a i c r e d  drnand and i n c r e a s e d  uranium supp ly  would 
cause  t h e  optinal t i n i n q  f o r  C P B R  i n t r o d u c t i o n  to  be pos tponed  
beyond t h e  1987 2ate proposed  by t h e  PFES. 

i1.2 b r c d e r s  w i l l  

The P r o j e c t  Independence p r o j e c t i o n s  f o r  t o t a l  enrgy  demand i n  
the y e a r  2020 are 23% and 331 lover than  t h e  PFCS energy  demand 
p r o j e c t i o n  for t h e  base case. I t  would be v a l u a b l e  t o  know i f  either 
of these p r o j e c t e d  demands would a l t e r  t h e  o p t i n a l  t h i n ?  f o r  U T B R  
i n t r o d u c t i o n .  Cases 1 5  and  16 i n  Tab le  I V  D-1 of t h e  PFES ind ica t c?  
t h a t  a ( -?OS)  denand would n o t  d e l a y  t h e  o p t i n a l  t i n i n g  of L!PBR 
i n t r o d u c t i o n .  flowcver, acco rd iny  to Tab le  I V  D-1, t h e  d i s c o u n t c d  
total  cost o f  meet ing  enerqy  derand  under t h e  base  p r o j e c t i o n  w i t h o u t  
the L!-R is $210.8 b i l l i o n  w n i l e  t h e  d i s c o u n t e d  t o t a l  cost  f o r  a 
(-20%) demand vnirld he $188.4 b i l l i o n .  A 20 p e r  c e n t  lower  demand i n  
the y e a r  2920 r e s u l t s  i n  a 10.6 per c e n t  r e d u c t i o n  i n  t h e  d i s c o u n t e d  
total  costs; b u t  t h e  cost s a v i n g s  o f  t h e  IAFBR are s t i l l  g r e a t  enough 
t o  p r e c l u d e  d e l a y  o f  i t s  i n t r o d u c t i o n  w i t \ o u t  o p p o r t u n i t y  losses i n  
the  (-20%) demand case. 

The r e l a t i v e  v a l u e s  of t h e  f i g u r e s  i n  Table IV. D-1,  however, 
make one wonder whe the r  t h e  a n a l y t i c a l  b e n e f i t - c o s t  model is 
c o n s t r u c t e d  i n  such  a way as t o  a c c u r a t e l y  assess t h e  c f f e c t s  of 
t i m i n g  of t h e  LIIFB!I i n t r o d u c t i o n  d a t e .  Under t h e  base demand 
p r o j e c t i o n s ,  d e l a y  of t h e  i n t r o d u c t i o n  d a t e  from 1987 t o  1991 r e s u l t s  
i n  a r e d u c t i o n  o f  g r o s s  b e n e f i t s  o f  53.0 b i l l i o n  ( d i f f c r e n c e  bctwecn 
case 3 and 4 g r o s s  b e n e f i t s ) .  I n  t h e  ( -20: )  demand case, t h e  
r e d u c t i o n  i n  gross b e n e f i t s  from t h e  sane d e l a y  is $2.3 b i l l i o n '  
( c a s e s  1 5  and  16) .  I n  t h e  ( + 2 0 % )  demand case, t h e  r e d u c t i o n  is  $3.8  
b i l l i o n .  The cost o f  d e l a y  i n  t h e  ( -201 )  dcmand case is only.3.3r; 
less t h a n  t h e  cost  o f  d e l a y  i n  the base case, whereas t h e  cost  of 
d e l a y  i n  t h e  (+20%) case is 26.73 qreater t h a n  t h e  cost o f  d e l a y  i n  
the base case. A t h i t t e d l y ,  the i n c r e a s i n g  cast  of uranium migh t  nake  
the i n c r e a s e d  cost  of d e l a y  i n  t h e  (+20%)  case p r o p r t i o n a l l y  g r e a t e r  
t h a n  t h e  clecreased cost of d e l a y  i n  t h e  ( - 2 0 % )  case b u t  t h e  
d i f f e r e n c e  between 3.39 and 26.79 a p p e a r s  unexpec ted ly  l a r g e .  
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T h i s  anomi ly -p lus  t h e  absenec  o f  a n a l y s i s . o f  ?he e f f e c t s  of 
t h i n g  o n  gross b e n e f i t s  w i t h  t h e  ( -50%)  demand i i i d c a t e  t h a t  t h e  
basic mdeX nay n o t  deal e f f e c t i v e l y  w i t h  v a r i a t i c n  i n  t i x i n g  
2-ssuiipt-ions .- The f i n a l  innact. stat-c.-cnt s h o n l d  ~provi. le a n  irnproveti 
t r e a t r e n t  of t h e  t i n i n g  q m s t i o n  with r e s p e c t  t o  i n t r o d ! i c t i o n  of th- 
UIFBK undcr  t i e  f u l l  r ange  of conr i i t i ons  r c p r e s c n t c d  by t.:.,c 16 
s e n s i t i v i t y  a n a l y s i s  c a s e s ,  f o r  c!clays I n  t i r m i g  of 5, 10 ,  :nd 1 5  
y e a r s .  I f  t h e  b a s i c  node1 is d e f i c i e n t  i n  d e a l i n g  adequatc l j r  w i t h  
t iming ,  t h e  p r o b l e n  shou ld  s u r f a c e  i n  c a r r y i n g  o u t  t h e  a n a l y s e s  and 
appropriate a d j u s t m e n t s  can ,  i f  needed, be made i n  t h e  mo.'cl. 

If one  i g n o r e s  t h e  conp lex  l i n e a r  programming b e n e f i t - c o s t  
w d e l ,  it is possible t o  c o n s t r u c t  a sim2le rnoclel that p r o v i d e s  a t  
lcast  a n  i n t u i t i v e  n o t i o n  o f  t h e  p t c n t i a l  e f f e c t s  of reduced  demand 
on  optimal t i n i n ?  of G W D R  i n t r o d u c t i o n .  The m a i n  b e n e f i t s  of t h e  
U G B R  d e r i v e  f r o n  i ts  uranium c o n s c r v a t i o n .  For example, a f u l l  
$16.6 o f  t h e  c s t i n a t e d  513.4 b i l l i o n  of d i s c o u n t e d  g r o s s  b e n e f i t s  o f  
the breeder c o n s i s t  of cost s a v i n g s  on uranium (PFES, Page 11.2-6). 
The s a v i n g s  r e p r e s e n t  t h e  avoidance  o f  hav ing  t o  u s e  lower g r a d e  and 
h i g h e r  c o s t * u r a n i u m  rcsourccs .  

According t o  F i g u r e  11.2-7 on  page 11.2-30, it a p p e a r s  t h a t  t h e  
U l F B R  does n o t  b e g i n  t o  have a s i g n i f i c a n t  i n p a c t  on sys tem p w c r  
costs U n t i l  t h e  year 2000 evcn w i t h  i n t r o d u c t i o n  a round thc y e a r  
1987. F u r t h e r ,  it a p p e a r s  t h a t  1937 is t h e  ear l ies t  possible t i m e  a t  
which the XIFBR cou ld  be  in t roduced .  Assuming t h e  PFES base case 
g r o w t h  i n  e lec t r ica l  energy  demand is r e a l i z e d ,  t h e  most b e n e f i t s  
t h a t  c a n  a c c r u e  to  t h e  LY'FBR o c c u r  w i t h  the 1907 i n t r o d u c t i o n .  With 
s u c h  a s c e n a r i o ,  most of t h e  n u c l e a r  -power g e n e r a t e d  over t h e  p e r i o d  
from 1970 to  t h e  y e a r  2000 w i l l  use  e n r i c h e d  n a t u r a l  uranium f u e l s .  

One way to  assess, i n  a s i m p l i s t i c  manner, t h e  i m p l i c a t i o n s  o f  
r educed  energy  demand on  og t ina l  t i n i n g  o f  t h e  EE'BR i n t r o z u c t i o n  
date is t o  c o n c e n t r a t e  o n  the u r a n i u n  supp ly  p i c t u r e .  The base 
demand and  1337 i n t r o d u c t i o n  d a t e  imply t h e  cons impt ion  of  some f i x e d  
q u a n t i t y  o f  n a t u r a l  uranium - m o s t  o f  which w i l l  be consumed d u r i n g  
the period from 1970-2000. The 19C7 d a t e  a p p e a r s  feasible  i n  terms 
of the cost of uranium supp ly  g i v e n  base demand. Similarly, then, 
some i n t r o d u c t i o n  date l a t e r  t h a n  1987 would be f e a s i b l e  i n  terns o f  
the costs of uranium supp ly  g iven  a reduced  growth i n  energ;r demand. 
I n  p a r t i c u l a r ,  t h e  de l ayed  i n t r o d u c t i o n  d a t e  t h a t  r e q u i r e s  a 
c u m u l a t i v e  cost of n a t u r a l  uranium at t h e  y e a r  13 y e a r s  beyond t h a t  
i n t r o d u c t i o n  aal'e t4iich is e q u a l  i n  p r e s e n t  v a l u e  to  t h e  c o s t  of 
n a t u r a l  uranium up t o  t h e  y e a r  2000 g i v e n  a 1987 i n t r o d u c t i o n  date 
and base d c m n d ,  shou ld  b e  f e a s i b l e .  
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Accordinq to Table 11.2-7, the ?rosa energy inpitts -tu :.LocCt ic 
uti l i t ies .  w i l l  grow from 17 Btu x 10 t o  97 Btu x over t h e  
pcriod fron 1370 to the yea r  2OW. This represents en annvLtl  a ~ ~ ~ - r a ‘ , t .  
growth r a t c  of 5.7 p@r cent per year. 
Xndcpendcncc growth r a t e s  f o r  t o t a l  energy demand fo r  $7 and air[i 1 
pcr imprtcd barrel  of o i l ,  calculatcs the projcctcd t o t a l  enerr:, 
tlcniand for the year 2000 and converts these t o t a l  energy demands : 

gross energy inputs t o  e l e c t r i c  u t i l i t i e s  using the same r a t i o  as 
t ha t  for  the base case shown i n  Table 11.2-7, one obtains comparabblc 
growth r a t e s  over the same period (1970-2000) of 5.2 and 4.7 per cent 
per year. 

I f  one takes-the P r ~ j c c t  

Using these growth r a t e s  it is possible t o  calculate the gross 
energy inputs t o  e l e c t r i c  u t i l i t i c s  i n  t e q s  of B t u  x 10” for  each 
year over the period from 1970 t o  2000 for  each of the assumed growth 
conditions using the following formula, 

E E t  = 17 exp (rt) 

where r is e i the r  0.057, 0.052, o r  0.047, depending on whether the 
PFES base, or  the Project Independence $7, or $11 bar re l  growth 
conditions a r e  assumed, respectively. 

I f  one a s smes  tha t  the amount of expenditures for  uranium 
iircreases propartionally t o  t h e  increases i n  e l e c t r i c a l  u t i l i t y  
energy demand, then cumulative denand fo r  energy can be used as a 
gross surrogate measure for  the cunulative expenditure for  uranium. 
Given these assunptions, it is possible t o  find the years a t  which 
the present value of the cumulative denand f o r  e l e c t r i c a l  energy 
under the Project Independence growth r a t e s  is equal t o  the present 
value of the cunulative denand for t ha t  energy i n  the base case over 
the period from 1970 t o  2000. The year 2000 is associated w i t h  the 
1907 LMFBR introchction date. Therefore, the nunber of years beyond 
2000 that  i t  takes t o  reach an equivalent discounted cumulative 
consumption can, given the assumptions, be assumed t o  be the nunber 
of years t ha t  introduction could be delayed without suffering an 
increased penalty owing to  uranium shortage. 

Using a discount r a t e  of 10 percent, the present value o f .  
cumulative gross energy inputs to e l e c t r i c  u t i l i t i e s  over the period 
from 1970 - 2000 under the PFES base case is: 

CB = Jio 17 exp(0.057t) x exp(-O.lOt) d t  

CB = 286.5 

Given a 5.2 per cent per year estimated growth r a t e  f o r  the $7 
per barrel  Project Independence projection, an equivalent present 
value of cunulative e l e c t r i c  u t i l i t y  energy consumption would be 
reached by Y, where Y can be calculated as follows: 

Y = 34 years 
5; = 17 exp (0.052t) exp (-0.1ot)dt = 286.5 
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S i m i l a r l y ,  t h e  year  E a t  which t h e  samc cum. j t - 1  < t  clcrnand would l:c 
r e a l i z e d  with t h e  $11 per barrel  p r o j e c t i o n  2 : .  t q 1 . l  tor 

5 :  1 7  exp (0.047t) exp (-0. lOt)dt  =. '>?( 

Z = 42 

Thus w e  see t h a t  wi th  t h e  rates of growth p r o j e c t e d  b y  P r o j e c t  
Indcpcndcnce, i n t r o d u c t i o n  o f  t h e  breeder  might be delayed as  much as 
4 to 12 years  without  i n c r e a s i n g  t h e  p r e s e n t  va lue  of expendi tures  
f o r  uranium above those  p r o j e c t e d  f o r  t h e  base casc by t h e  PFES. 

Given tho  extremely s i n p l i s t i c  and unref ined  na ture  of t h i s  
exercise, t h e  conclusions must n a t u r a l l y  be suspect .  Nevertheless ,  
they do r e i n f o r c c  i n t u i t i o n  and do indicate t h a t  e a r l y  i n t r o d u c t i o n  
of the UIFBR nay not  bc so cr i t ica l  as supposed. 

Est imtcd Costs of 3-11 Ycars Delay Owing t o  Lower Demand 

According t o  t h e  d a t a  i n  Table I V  D . l ,  t h e  p r e s e n t  value of  t h e  
gross  b e n e f i t s  of t h e  W4FBR program undcr base  danand and a 1907 
in t roduct ion  Gate is $13.4 b i l l i o n .  Dclay of t h e  in t roduct ion  d a t c  
to  t h e  year  1931 reduces t h i s  va lue  to  $16.4 b i l l i o n .  Four years  
de lay  resul ts  i n  a b e n e f i t  reduct ion  of 53 b i l l i o n  or 15.5%. 
averages o u t  to  a 3.0% reduct ion  i n  gross  b c n e f i t s  per year  of delay.  

This  

S f n i l a r l y ,  Table N . D - 1  i n d i c a t e s  t h a t  i f  t h e  year  2020 dcnand 
is 20 p r  c e n t  less than  t h e  base case, then  t h e  present  va lue  of  
gross  b e n e f i t s  o f  t h e  program is reduced to  $14.2 b i l l i on .  
p e r  c c n t  reduct ion  i n  b c n e f i t s  averages o u t  to  be a 1.3 per c e n t  
reduct ion  for every 1 per c e n t  drop i n  t h e  l e v e l  of p r o j e c t e d  dcmntl 
for t h e  year  2020. 

This  26.B 

I f  one c a l c u l a t e s  t h e  y e a r  2020 demands for t h e  $7 and $11 per 
barrel P r o j e c t  Independence estimates, they  end up be ing  27.6 and 
33.1 per c e n t  lower than t h e  PPES base case pro jec t ion .  
e s t i m t e d  drop i n  g r o s s  b e n e f i t s  of 1.3 p e r  c e n t  for each percentage 
drop i n  dcmand, t h e  p r e s e n t  v a l u e  of gross  b e n e f i t s  for t h e  $7 
p r o j c c t i o n  should be 35.9 per c e n t  lower t h a n  for t h e  base case-and  
for t h e  $11 case they  should be 43.0 per c c n t  lower. 

With an 

The $7 per barrel p r o j e c t i o n  h a s  t h e  same e f f e c t  on gross 
b e n e f i t s  as  a 9 y e a r  d e l a y  i n  t h e  in t roduct ion  d a t e ;  and t h e  $11 
projcction has t h e  same effect as an  11.5 y e a r  delay.  One can 
conclude, t h e r e f o r e ,  t h a t  t h e  r i s k  of a 9-12 y e a r  de lay  i n  o r d e r  to  
i n s u r e  environmental concerns would be no g r e a t e r  i n  terms of 
p o t c n t i a l  costs than  t h e  r i s k  t h a t  p r e s e n t l y  e x i s t s  t h a t  projected 
b e n e f i t s  w i l l  be s i g n i f i c a n t l y  smal le r  than  for t h e  base case owing 
to  lowered f u t u r e  dcmand as p r e d i c t e d  by P r o j e c t  Independence. 
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E f f e c t  of R & D Costs on t h e  UWBR Timing Issue 

A araduate  s t u d e n t  a t  Harvard Univers i ty  has prepar ,  -7 cl1-~1~'- ! J - I ~ '  

dcscr ib ing  h i s  ongoing i n v e s t i g a t i q n  o f  t h e  U E B R  t iming L ~ L L ~ . .  ' 
Using a model very similar to  t h a t  used f o r  a n a l y s i s  tn t h ~  I I  ',, 
izichcls a t tcmpts  t o  i s o l a t e  t h e  e f f e c t s  of t h e  t iming of  U L ~ ' I , I ~  
c o n n c r c i a l i z a t i o n  on t h e  p r o j e c t e d  b e n e f i t s  o f  t h e  program. c':, I 
t h c  PITS assumption, however, he assumcs t h a t  r e s e a r c h  and 
d e v e l o p e n t  costs do not increase  as a r c s u l t  of s t r e t c h  LJI ! 
or  delay i n  t h e  program. Richels  f i n d s  that i f  undiscounted R i i) 
costs are independent of LMFBR i n t r o d u c t i o n  d a t e ,  i -e . ,  t h a t  
t h e  present  va lue  o f  R & !I costs d e c l i n e s  as t h e  i n t r o d u c t i o n  d a t e  is 
pushed back, then t h e  o p t i n a l  t h i n g  for i n t r o d u c t i o n  of t h e  LEFBR 
could be as l a t e  as t h e  year  2000 depending upon f u t u r e  condi t ions.  
For example, with a 10% discount  r a t e ,  a high uranium cost curve,  a 
high demand p r o j e c t i o n ,  and a $lOO/kW c a p i t a l  cost d i f f e r e n t i a l  
between LWR's and t h e  LMFBR, t h e  o p t i m l  i n t r o d u c t i o n  date f o r  t h e  
LMFBR is t h e  year  2000.4 

Richels  recognizes  t h a t  h i s  assumption about  t h e  R b D costs is 
criLica1 to h i s  r c s u l t s .  I f  t h e  AEC's assumption t h a t  t h e  discounted 
R t D cost curve s l o p e s  upward as t h e  i n t r o d u c t i o n  d a t e  is d e f e r r e d  
h y o n d  1307, then hc admits t h a t  t h e  conten t ion  t!iat t h e  U P B R  should 
bo introduced as  s o o n  as  p o s s i b l e  would be correct f o r  most o f  t h e  
f u t u r o  w n d i t i o n s  p o s t u l a t e d  i n  t h e  PFCS. 

The AM: assumption about  increased  R b D costs d e r i v e s  f r o n  the 
not ion  t h a t  t h e  longer  a project t a k e s ,  t h e  longer  t h e  proqram has  to  
keep teams and f a c i l i t i e s  geared up, and t h e  more it is going to 
cost. 
shows t h a t  it is f r e q u e n t l y  possible to hold down overhead and o t h e r  
f i x e d  costs by designing t h e  R & D program to run mre i n  tcrns of 
sequential  than concurrent phasing. He even suggests  that ,  with 
e f f e c t i v e  planning,  an ex tens ion  i n  p r o j e c t  completion t i m e  can lead 
to a reduct ion  i n  undiscounted R ti D costs and t h a t  i f  t h i s  were t h e  
case for t h e  UfFBR, t h e  opt imal  commercialization date might come 
even later than  t h e  year  2000 i n  h i s  example case.  

Riche ls  counters  t h a t  assumption by o t h e r  experience which 

The fact of  t h e  matter is t h a t  a de lay  i n  t h e  i n t r o d u c t i o n  date 
of  t h e  LMFBR is by no neans c e r t a i n  t o  r e s u l t  i n  a reduct ion  of t h e  
n e t  b e n e f i t s  o f  t h e  program. Depending upon f u t u r e  demand c o n d i t i o n s  
and t h e  effect  of " s t r e t c h o u t R  or de lay  i n  t h e  R E, D program costs, 
t h e  p o s t p n e n e n t  o f  i n t r o d u c t i o n  could have p o s i t i v e  as w e l l  as 
negat ive  impacts on t h c  overall b e n e f i t  o f  t h e  program. 
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S e n s i t i v i t y  C a s c s  
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2000 
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? 

1 
1 
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4 
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7 
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1.0 
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1J 

16 
16 

19 
19 

22 
12 

25 
25 

I 8  
28 

J1 
31 

34 
34 

Base 
C100 

Base 
+loo 
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+loo 

B a s e  
ClOO 

Base  
+loo 

Base  
*loo 

mse 
100 

Base  
C100 

Base 
C100 

Base  
+loo 

Base 
Cl00 

Base 
*loo 

Base 
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Ease 

BJBC 
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Base  
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-501  
-508 

Base  
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1. Rcsults for tl:ese cdses do no t  ;<pear i n  T a b l e  I V .  D-1. 

2. Values for cascs 1 , 8 .  a n d  9 appear in FlqUTe 11.2-11 on p a w  11.1-19. 
Values fol C a s e s  15,20, a d  21 have b e c n  estilhltcd by  i n t e r p o l a t i o n .  
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T a b l e  2 

E f f e c t  of V a r i a t i o n  i n  U r a n i u m  Supply 
on W ! B R  N e t  B e n e f i t s  

- -- 
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B a s e  B a s e  
Base B a s e  

+loo B a s e  
+loo B a s e  
+ l o o  B a s e  

B a s e  -50% 
B a s e  -50% 
B a s e  -50% 

+loo -50% 
+loo -50% 
+loo  -50% 

Pess. 
B a s e  
opt. 

Pess. 
B a s e  
opt. 

Pcss  . 
B a s e  
opt. 

Pcss. 
B a s e  
opt. 

Pess. 
B a s e  
oat. 

P e s s .  
B a s e  
opt. 

Bess. 
Base 
opt. 

P e s s .  
B a s e  
O p t .  

15 
7 
3 

5 

-3 

2 

-2 

-2  

-4 

25 
14 
7 

19 

0 

8 2  

0 2  

0 

o2 

6 2  
-1 

2 

o2 
o2 

i 
1 

3 

2 

3 
4 

0 
0 
1 

1 
1 
2 

1 
1 
2 

2 
2 
3 

1. See bootnote 1, T a b l e  1 
2. Scc Footnote 2, Table 1 
3. A d v c r s c  A s s u m p t i o n s  are t h o s e  a n s u n l p t i o n s  w h i c h  reduce the estimated benef i t s  of t h e  LMFPR. 



Table 3 

Illustrative Expected Value Analyses 

Case NO. Gross Benefit Equal Likelihood Expected Gross Equal Likelihood Prob. Expected Gross 
Probability Benefit Excluding Pess. U308 Benefit 

2 
3 
5 
6 
8 
9 

11 
12 
14 
1 5  
1 7  
18 

20 
2 1  
23 
24 
26 
27 

29 
30 
32 
33 
35 
36 

12.2 
4 
7.8 
1.9 
4 
1 

3,o 
0.9 

19.4 
6 

12.G 
4.8 

6 
2 
3.9 
0.4 

19.5 
11.0 

6.9 
3.4 
30.6 
2.3 .8 
10.4 

6.7  

.On16 

.0416 

.0416 

.0416 

.0416 

.0416 

.04lG 

.0316 

.04s6 

.0416 

.0416 

.0416 

.X16 

.0416 

.0416 
-0416 
.0416 
-0416 

.0416 
-0416 
.0416 
.C416 
.0416 
.0416 

.510 
-167 
.365 
.079 
.167 
.042 

.125 

.037 

.010 

.250 

.so0 

.200 

.L50 

.083 
.163 . c-7 
.a10 
- 4 6 0  

.2aa 

.142 
1.270 
.990 
.416 

280 
8.381 
.- 

. O f , Z S  
.0625 
.0625 
.0625 . OGZS 
.0625 

- 0 6 2 5  
.0625 
.0625 
.0625 
-0625 
.0525 

.Os25 

.0625 

.0625 

.0625 

. 7 6 2  

. 2  50 

.488 

.119 

.250 

.0b2 

.108 

.056 
1.210 

. 3 7 5  

.750, 

.300 

.375 

.125 

.244 

.025 - 
5.573 

hl 
0 
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SAFETY 

Introductior: 

I n  its review of the draft enviromental Rtatement for the LMFBR 
program (DES), EPA commented on several safety related issues. The 
principal thrust of these coments was that the discussion of W B R  
safety (1) suffered from a lack of quantitative information and (2) did 
not fully address the unresolved safety questions associated with 
critical design aspects of the reactor, which relate directly to 
potential environmental consequences. As a result, we were unable to 
conclude that the environmental impact of the LNFBR program would be 
minimal, nor could we determine the approaches that would be taken to 
ensure satisfactory resolution of important safety questions. 
recognize that the programmatic nature of the environmental statement 
results in possible difficulty or even inability to provide technical 
details to estimate environmental risks at this time when substantial 
research and development efforts remain to be accomplished. 

We 

Based on our review of the PFES, it is apparent that the AEC expended 
considerable effort in attempting to address the safety related issues 
previously raised. 
development of much of the detailed information was impossible at this 
stage of the program. 
information significantly improves the description of the design 
criteria, the AEC deeign phli.losophy,-and the general intended approachcs 
to ensuring safety, there ie still a lack of definitive information that 
would provide the reader with the status of the principal unresolved 
safety problems, their current degree of resolution, and the on-going or 
required research and development needed to achieve the safety 
objectives. 

We commend their efforts, recognizing that 

Even though the additional quantitative 

Our comments on the DES in this regard may have been misinterpreted; 
however, they were intended to reflect NEPA requirements which wel'e 
emphasized in the court decision on the LMFBR program DES, i.e., the DES 
should 'I.. .indicate the extent to which environmental effects are 
essentially unknawn." The AEC, in the PFES, has detailed the general 
requirements for the design and hab provided commitments for future 
designs but there appeared to be limited discussion of the degrek of 
resolution of the safety aspects as a basia for predicting potential 
environmental effects. Specific examples of this deficiency will be 
presented subsequently. 
the general approach to ensuring safety as indicated in the PFES, the 
specific safety problems, their expected solutions and the projected 
environmental impacts must eventually be publicly detailed and reviewed. 
We accept the AEC position that at this time the programmatic nature of 
the PFES made such detailed environmental risk analyses impossible now. 
However, we believe that some of this information with regard to the 
status of problem solution can be provided in the FES. 

While we concur with the general commitments and 
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Fol lowing  ou r  c o m e n t s  on t h e  d r a f t -  s t a t e m m t ,  EPf. s t a f f  were i n v i t e d  
t o  n m e r u u s  W F B R  s a f e t y - r e l a t e d  b r i e f . i ngs  ana  .p:acrsri rev iew n e e t i n g s .  
This p a r t i c i p a t i o n  has been a ? p r e c i a t e d  m d  .'nas:..Iri:! :e6 i n  provi:iiny 011.c 
s t a f f  w i t h  a n  improved awareness  of t h e  s t a t u s  of T,Y  
ac t iv i t ies .  Based on t h i s  p a r t i c i p a t i o n ,  i t  is 5 e i i v :  
UfFBR s a f e t y  i s s u e s  n:ay be rruch f u r t h e r  toward resoli: ! r . ~  c'::-,.; i:+ 
r e f l e c t e d  i n  t h e  PFES. I n  f a c t  i t  appea r s  t h a t  many ti- z c ~ ' ;  i c i e n c i e s  
of  t h e  PFES are a r e s u l t  of incomple te  docunen ta t ion  r a ;  r than  l a c k  of 
a s o l u t i o n .  S p e c i f i c a l l y ,  t h e  PFES f r e q u e n t l y  c i tcs  fas t  r c t c t o r  fo l low-  
on s t u d i e s  as  sources  of r e l a t e d  i n f o r n s t i o n .  Yet on page 4.2-i2 t h e  
PFCS s ta tes ,  "It must he recognized  t h a t  t hose  s t u d i e s  \.:ere l i m i t e d  i n  
scope  and t h a t  mucli o f  t h e  d e t a i i e d  i n f o r r a t i o n  t o  conduct a p r e c i s e  
e n v i r o n n e n t a l  a n a l y s i s  of a co rmerc i a l  L:F'r(R pover p l a n t  was n o t  
developed." \*!e b e l i e v e  t h a t  i n  view of t h e  expe r imen ta l  and a n a l y t i c a l  
work which h a s  been pe r fo rced  s i n c e  t h e  c o r n l e t i o n  of t h e  follow-on 
s t u d i e s ,  t h e i r  c o n t e n t  nay now l a r g e l y  h e  ou tda ted .  

rl 
I 

In summary w e  conclude  t h a t :  (1) t h e  PFES does n o t  i n c l u d e  d e s i g n  
d e t a i l s  and ,  t h e r e f o r e ,  no a u a n t i t a t i v e  e v a l u a t i o n  of t h e  e n v i r o n n e n t a l  
impact of t h e  E F E R  can be  made a t  t h i s  t i n e  and ( 2 )  t h e r e  are unreso lved  
t e c h n i c a l  s a f e t y  p r o b l e m  which a r e  be ing  i n v e s t i g a t e d  and € o r  which 
s o l u t i o n s  are be l i eved  t o  e x i s t ,  a t  l e a s t  i n  p a r t ,  b u t  a r e  n o t  knorm w i t h  
conf idence .  
comments on t h e  DES and t o  t h e  AEC r e sponses  i n  t h e  PFES as i n d i c a t e d  i n  
t h e  s p e c i f i c  comments which fo l low.  

These conc lus ions  are t h e  f o c a l  p o i n t s  o f  n o s t  of o u r  

S p e c i f i c  Comments 

1. The PFES (page 4 . 2 - 2 3 5 )  prov ides  a rev iew of a p a n e l  d i s c u s s i o n  
of  LMFBR s a f e t y  e x p e r t s  where t h e  r e p o r t e d  consensus  of t h e  p r o b a b i l i t y  
of a major U F B R  a c c i d e n t  vas p laced  a t  p e r  yea r  which was concluded 
t o  b e  a n  a c c e p t a b l e  e n v i r o n n e n t a l  r i s k .  I n  f ac t  a E r e a t  d e a l  more des ign  
and performance d a t a  and a n a l y s e s  a r e  r e q u i r e d  b e f o r e  t h e  r i s k s  of t h e  
LMFBR can he  e v a l u a t e d .  Risk  a c c e p t a b i l i t y  i s  indeed a complex s u b j e c t  
which demands t e c h n i c a l ,  s o c i a l  and l e g a l  i n p u t s .  To ou r  knowledge such  
conc lus ions  have n o t  y e t  been reached  f o r  t h e  LVX, much less t h e  LMFBR. 
We commend t h e  A E C ' s  e f f o r t s  t o  e v a l u a t e  ( q u a c t i f y )  t h e  r i s k s  of t h e  
LMFBR. I f  p o s s i b l e ,  t h e  FES sl-.ould p r c v i d e  F o r e  a m p l i f i c a t i o n  on t h i s  
program e f f o r t  i n c l u d i n g  t h e  p r e s e n t l y  l i m i t i n g  f a c t o r s  ( i n f o r m a t i o n ,  
t e c h n i c a l  d e t a i l ,  developmental  work, e t c . )  and t h e  a n t i c i p a t e d  t i m e  
frame f o r  t h e  completion of t h e  ana lyses .  \,'e b e l i e v e  t h a t  t h i s  t y p e  of 
e f f o r t  i s  paramount t o  accep tance  of a c o m e r c i a l  LWFnR. 

2. Uncerta!.nties i n  v a r i o u s  impor t an t  c a f e t y  r e l a t e d  d e s i g n  
pa rame te r s  should  be  q u a n t i f i e d  where p o s s i b l e  i n  such  a manner t o  h e  
more conprehensi 'ble.  (The r i s k  assessment  may do t h i s . )  For example, 
t h e r e  cou ld  be  s u b s t a n t i a l  u n c e r t a i n t i e s  i n  t h e  p o s s i b l e  s t r u c t u r a l  
i n t e g r i t y  of t h e  p r i n a r y  c o o l a n t  system r e l a t e d  t o  a h y p o t h e t i c a l  c o r e  
d i s r u p t i v e  a c c i d e n t  (HCDA). As i n d i c a t e d  on page 4.2-163 concern ing  t h e  
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' :'?, "At the upper end of- the spectrum one could qualitatively a r P e  
..ht the event was so large that tpte basic structural integrity of thc  
prlmnry system vas lost. In this case, massive sodium and fuel expulslb,. 
could take place with consequences correspondingly more severe." Unless 
uncertainties such as these are eliminated or greatly reduced, there wili 
remain, at least in the public's view, a serious concern about the 
possibllity of an environmental disaster due to a major reactor accident. 
Therefore, wherever such uncertainties can be resolved or addressed, the 
FES should do so to the extent possible at this time. 

3 .  Two of our original comments in the draft statement dealt with 
the relative safety of the LHFBR and the LWR. The response to one (hliich 
has resulted in the expansion of paragraph 4.2.7.3) is on page VII.53-152 
and the response to the other is on page VII.53-154. The main thrust uf 
both of these comments was for a quantifiable comparison of the risks in 
such a WAY as t o  be able to conclude whether the LMFBR is more safe or 
less safe than the LWR, through the spectrum of the risks from the 
various conceivable accidents. Paragraph 4.2.7.4 of the PFES does indeed 
include a comparative table of the features of the LMFBR and the JNR as 
they pertain to safety. However, auoting from the AEC response on page 
VII.53-154 "...in view of the lack of design detail, however, it is not 
possible to quantify comparative characteristics of LMFBR's and INRR's.  
It is our objective that LMFRR risks be comparable to those of LWR's. 
Unfortunately, the accomplished attainment of this objective cannot be 
proved at this time (though it can be attained). 
LMFBK's will be performed in the fliture, becoming more specific and more 
meaningful as design features are set, so that valid comparisons can be 
made, not only to I,\?% risks, but to a wide variety of other rislcs." It is 
commendable that the AEC has endeavored to bring the LMFBR risks to a 
scale comparable to those of the LWR, which we accept as a commitment for 
future designs. "One key 
comparison is the measure of the ability of the LMFBR to measure up 
against Regulatory requirements for safety." A s  indicated in the PFES, 
the initial approach to ensuring a minimum level of LEIFBR safety will be 
through the use of (1) traditional regulatory safety approaches; (2) 
existing regulatory (NRC) safety requirements and design guides; gnd (3) 
existing "interim" CRBR NRC design requirements. 
suffices for the short term, if a breeder based energy economy is to be 
developed, we believe I-BR specific design, safety and siting criteria 
must he developed in a timely fashion. 

Risk studies for 

On page VII.53-152, the AEC stated that: 

While this approach 

4. One of the most important considerations regarding LMFRR safety 
is, of course, the HCDA. 
is possib1.e to be released in the form of mechanical work in case of a 
large core disruptive accident. The fundamental safety requirements to 
be met for such an accident are: (1) it will be contained and the risk of 
leakage of radioactive debris is acceptably small and (2) recriticality 
will be avoided. 
indicates that there will be no direct environmental consequences from 

The central issue is the amount of energy that 

The AEC response on the HCDA (pages VII.53-156-157) 
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such  i n c i d e n t s ,  which is suppor t ed  by cnco:. riiginy; r e s u l t s  f r o a -  r e c c a t  
r e s e a r c h  and. ilevcloT-mxt. . I!owc-Jer, v c  r x :  K!XI t t h e  cnercy  conve r s ion  
e f f i c i e n c y  i s  n o t  veli- dcfii icd.  y?.r:lT exper.:; .:nt:il r c s u l t s  t!iat i w i i c  1 .  . .  .; 
a 0.2:: enerzy  conve r s ion  e f f i c i e p c y  need furt,::.r ;.?r:ific.-::.;..-. 1.: 7 . ' ~  

- .  . 
. .  . 

, , .  , - . . . .  conversion e f f i c i ency  is x c c p t c d  for a n a l y s i s  \;. : ' . .  .. .: .,. . .- . .  - 1 . 3 ~ ) ~  ;!len 
v e s s e l  i n t c g r i r y  m y  not  be ach ievab lc .  T h i s  pol :  1, r l : ;  YiJ<:T 

e l a b o r a t i o n .  S c c t i o n  4.3.7.2 has been cxpanded c: ' : .  : I v  LO i n c l u J e  
d i s c u s s i o n  of t h e  HCDA. l l owver ,  t h e  PFES is  d c f i ' .  i:: i t s  d i s c u s s i o n  
of  p i n  s t r u c t u r a l  i n t e g r i t y  aid f u e l  rmt ion  u n d e r  c ai7.c o f  o r  tlurin;; 
p r o g r e s s i o n  of  I I C D A ' s ,  post a c c i d e n t  h e a t  removal, cede  v a l i d a t i o n  uscci 
f o r  p red ic t inn ,  corc behav io r ,  and on consequenccs of c o r e  vo ids  on  
neu t ron  s t r eaminz .  

Because of t h e  g r e a t  h p o r t a n c e  of t h e  l{CDL\ and Oecausc some e x p e r t s  
seem t o  have r e s c r v a t i o n s  on  t h e  a b i l i t y  t o  a c c u r a t e l y  p r e d i c t  t h c  
behav io r  of  t h e  p r e s s u r e  v e s s c l  under c o n d i t i o n s  of such 3 c o r e  a c c i d e n t ,  
EPJ)A should  c o n t i n u e  t o  n3kc eve ry  e f f o r t  t o  in form tile p u b l i c  an:! otiier 
F e d c r a l  a g e n c i e s  of t h e  s t a t e  of t h e  c u r r e n t  r e sca rc i i  and dsvc lopnen t  
programs dedlinp, wi t ! )  1iCl)hs as was p resen ted  on paqcs 4.2-1il7-149 i.s., 
"This node o f  r e c r i t i c a l i t y  appea r s  a t  less t  c o n c c p t u a l l y  p o s s i b l e  i n  
large r e a c t o r s ;  p lanning  iias begun t o  e v a l u a t e  e f f e c t s  of  tltis node o i  
r e c r i t i c a l i c y  ... i t  is  t r u e  t h a t  s i c n i f i c a n t  u n c e r t a i . i t i e s  e:,ist i n  t::e 
a n a l y s e s  of  r e c r i t i c a l i t y  s i t u z t i o n s .  I n  l a r g e  m a s u r e ,  t h e s e  
u n c c r t a i n t i e s  stem from tlic a s  y e t  i n c o n p l e t e  r e s c a r c h  and development 
program.. . .'I 

5. One o f  CPA's comments on t h e  DES d e a l t  w i t h  t h e  s a f e t y  
i m p l i c a t i o n s  of  i r r a d i a t i o n  c r e e p  and i r r a d i a t i o n  swcl l inp ,  c f  s t a i n l e s s  
steel used f o r  f u e l  p i n  c l a d d i n z  and i n  t!ie r e a c t o r  i n t c r n n l s .  I t  was 
r ecogn ized  i n  t h e  AEC's resgoiisc i n  tlie PFES (page  VII.53-157) t h a t  t h e  
DES d i d  no t  'I.. . c l e a r l y  i d e n t i l y  t h e  s v e l l i n g  phcnonena as ;? t e c h n i c a l  
area of c o n s i d e r a b l e  i n t e r c s t . "  The r e sponse  f u r t h c r  s ta ted  tint t h e  PFES 

r e f e r c n c e  s t u d i e s  of t h e  s a f e t y  i n p l i c a t i o n s  of sys tems w i t h  and w i t h o u t  
s w e l l i n g  (see f o r  example UA!!J-1365; c i t e d  as Reference  l l l ) . "  

. . . i n c l u d e s  s p e c i f i c  e v n l i ~ a t i o n s  of s v c l l i n g  and a l s o  i m l u d c s  by #e 

Because of tlie i n p o r t a n c e  o f  t h i s  s u b j e c t  t o  s a f e t y  w e  b e l i e v e  t h a t  
the t r ea tmen t  of  i r r a d i a t i o n  c r e e p  and i r r a d i a t i c n  sr:cllinp, cou ld  b e  
expanded, s i n c e  we were unab le  t o  l o c a t e  the " s p e c i f i c  e v a l u a t i o n "  as 
i n d i c a t e d  i n  t h e  responsc .  The i n f o r m t i o n  i n  tlie PFES does  n o t  i n c l u d e  
any  q u a n t i f i a b l e  in fo rma t ion  which would i n d i c a t e  t h e  s t a t u s  o f  t h e  
problem of f u e l  c l a d d i n g  c r c c p  and s w e l l i n g  on c o r e  perforr.ianee and 
s a f e t y  as r e l a t e d  to  p o t c n t i a l  e n v i r o c n c n t a l  impacts.  Likewise,  t h e  
i n f o r m a t i o n  i n  t h e  PFES does  n o t  a d e q u a t e l y  d i s c u s s  t h e  s a f e t y  and 
economic impl i c2 t  i o n s  of p r o s p e c t i v e  s o l u t i o n s ,  such  as core clamping, 
f r e q u e n t  replacmilent of c o n t r o l  rods ,  etc. 
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RADlOACTIVE WASTE DISPOSAL 

Interim Storage and Ultimate Disposal 

On Apri l  10, 1975, t he  Energy Research and Development 
Administration (ERDA) announced t h a t  they were withdrawing t h e i r  
plans t o  develop a Retr ievable  Surface Storage Facility for high- 
l e v e l  rad ioac t ive  wastes. ERDA now plans t o  emphasize the  d i r e c t  
development of u l t imate  waste d isposa l  f a c i l i t i e s .  
t h e  emphasis on the  development of permanent d i sposa l  techniques, 
a s  we indicated i n  our comments on commercial high-level waste 
management (WASH-1539). 

We concur with 

Val idat ion of Commercial Burial  Grounds 

I n  the  PFES and i n  t h e  AEC’S response t o  our comments, t h e  
AEC s t a t e d  tha t  “. . . to da te ,  t he re  have been no r epor t s  of 
migration of rad ioac t ive  material from c o m e r i c a l  b u r i a l  sites.” 
This is i n  e r ro r ,  s ince  radioact j .vi ty  h a s  been reported t o  have 
migrated o f f - s i t e  from b u r i a l  f a c i l i t i e s  i n  Kentucky and New 
York Sta te .  The reported r e s u l t s  of an extensive,  six-month 
inves t fga t ion  by the  Kentucky Department f o r  Human Resources 
(KDHR) c l e a r l y  ind ica t e  t h a t  the  rad ioac t ive  waste d isposa l  
s i t e  a t  Mavey F l a t s  is cont r ibu t ing  r ad ioac t iv i ty  t o  the  
environment. 

It w a s  concluded by KDHR t h a t  t he  concentrat ions of 
r ad ioac t iv i ty  detected i n  t h e  o f f - s i t e  environment do not ye t  
c o n s t i t u t e  a publ ic  hea l th  hazard; however, t he  evidence of 
o f f - s i t e  movement c l e a r l y  shows tha t  t he re  is a need t o  
in t ens i fy  cur ren t  monitoring a c t i v i t i e s  t o  determine the  
poss ib le  ex ten t  and amount of r ad ioac t iv i ty  which is moving 
from t h e  s i te  and t o  a s ses s  its long-term signif icance.  

5 
Pro jec t  Report, Six  Month Study of Radiation Concentrations 

and Transport  Mechanisms a t  t h e  Maxey F l a t s  Area i n  Fleming 
County, Kentucky, KDHR Bureau fo r  Health Services ,  December, 
1974. 

- - . . . . . . 

Q 
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/.--'*ti! ; O ~ I ~ . :  environmental atudies supported by EPA, in Cooperation 
P.J I ,  . '?HE, support the KDlIR findings, and studies of the site 

t I r o k w h i : y  by the U . S .  Geological Survey (USGS) have identified 
I 8 rht ibys  and mechanisms for this off-site movement of radioactive 
i.clt?r~als. In December 1974, the KDHR made public a report of their 
vinic and a number of local, state, and national news articles about the 
1 9 H R  report and the migration cf radioactivity at Maxey Flats were 
published in December 1974, and January 1975. 

Recent reported findings by the New York State Department of 
mvironmental Conservation have also s h a m  radioactivity levels in surface 
waters from the Kuclear Fuel Services burial site near West Valley, New 
York. This site was recently closed by the operator because of this 
condition. 

Additional Inveetigations Needed 

The EPA is conducting preliminary field investigations at two waste 
burial facilities in cooperation with the state agencies and the IISGS. 
It has also reviewed available' reports on investigations which have been 
conducted at the other four waste burial facilities. On the basis of 
this information, we must disagree with the AEC's statement (p.4.6-46) 
that sufficient analyses have been performed at the burial facilities 
which demonstrates that "...buried radioactive waste will not migrate 
from the site." To the contrary, radiochemical analyses from samples 
collected at the New York and Kentucky burial sites indicate that 
radioactive wastes have moved from the burial trenches at both sites and, 
as noted earlier, have moved off-site in Kentucky after only ten to 
twelve years of burial operations. These two sites were initially 
licensed under the assumption that they would have the a b i l i t y  to 
contain the wastes buried therein for hundreds and even thousands of 
years. 
additional investigations are required to determine the ability of of all 
of the present sites to comply with the criterion of no off-site 
migration. 

Since they are not performing as predicted, we believe that 

In the six-months investigation conducted by the KDHR, plutonium was 
detected in the soil and in monitoring wells in Kentucky. 
mechanism by which it moved from the trenches has not been determined yet 
but the important fact is that it has migrated from the trenches in which 
it was buried, lese than twelve yearseago. It may be that additional 
investigations in this area are urgently needed. We believe this is 
particularly important for any nuclear fuel cycle, such as the LMFBR, 
which will generate large quantities of plutonium. 

The exact 
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: :ass i f icat ion of Kastes -- 
K e  a p p r e c i a t e  t h e  AEC'S  e f f o r t s  i n  c l a r i f y i n g  and r e o r g a n i z i n c  +'-.ti 

c l a s s i f i c a t i o n  o f  r a d i o a c t i v e  v a s t e s  w i t h i n  S e c t i o n  4 . 6  of t h e  PFES. 
However, t h e  AEC a p p a r e n t l y  d id  n o t  understand our b a s i c  concern about 
t h e i r  proposed syster .  o f  c l a s s i f i c a t i o n .  The ca t egory  other-than-high- 
l e v e l  (@TI'IL)-c;astes and i ts  sub-ca t egor i e s  s t i l l  do n o t  g i v e  s u f f i c i e n t  
i n fo rma t ion  on t h a  a c t i v i t y ,  c o n t e n t ,  and hazard p o t e n t i a l  of t h e  waste. 
The c l a s s i f i c a t i o n  on ly  i n d i c a t e s  (1) t h a t  a waste i s  n o t  h igh - l eve l  
waste, ( 2 )  whether o r  no t  i t  c o n t a i n s  a c e r t a i n  l e v e l  of a l p h a  
c o n t a n i n a t i o n ,  and (3) whether i t  cones from a c e r t a i n  f u n c t i o n a l  area of 
t h e  f u e l  c y c l e .  

A more d e t a i l e d ,  e x p l i c i t  c l a s s i f i c a t i o n  system is Eeeded t o  e n a b l e  
reviewers t o  e v a l u a t e  t h e  p o t e n t i a l  e n v i r o n o e n t a l  i n p a c t  from t h e  OTHL 
wastes. Such a system would a l s o  be of g r e a t  a s s i s t a n c e  t o  EPA as well 
a8 o t h e r s ,  such as b u r i a l  s i t e  o p e r a t o r s  2nd t h e  s ta te  agenc ie s  which 
r e g u l a t e  them. We r e a l i z e  t h a t  developing a r a d i o a c t i v e  waste 
" c l a s s i f i c a t i o n "  system which meets t h e  needs of evervone w i l l  be 
d i f f i c u l t  and n o t  n e c e s s a r i l y  a p a r t  of an L:TBR development program. 
However, we b e l i e v e  t h a t  t h i s  i s  an impor t an t  e f f o r t  s i n c e  as shown i n  a 
r e c e n t  EPA r e p o r t  5 o n  l and  b u r i a l  a c t i v i t i e s ,  t h e  problem i s  expected t o  
grow i n  t h e  f u t u r e .  

Other Comments - 
In  S e c t i o n  4.6.2.1,  t h e  PFES s ta tes  t h a t ,  s lRadioact ive materials i n  

t h e  c o o l a n t  vi11 c o n s i s t  of f i s s i o n  p roduc t s  and neu t ron -ac t iva t ed  
s t r u c t u r a l  m a t e r i a l s  t b a t  are r e l e a s e d  t o  t h e  c o o l a n t  by c o r r o s i o n  
processes ."  This s t a t emen t  does n o t  cons ide r  t h e  p o t e n t i a l  f o r  
t r a n s u r a n i c  r a d i o n u c l i d e s  l e a k i n g  i n t o  t h e  coo lan t  from t h e  Pu-UO f u e l  2 e lemen t s ,  o r  t h e  p o s s i b l e  d i s p o s a l  d i f f i c u l t i e s  which nay arise if t h e  
OTHL waste, expected t o  be disposed of a t  l and  b u r i a l  s i tes ,  is found t o  
c o n t a i n  t r a n s u r a n i c s  i n  c o n c e n t r a t i o n s  wnich p r o h i b i t  i t s  d i s p o s a l  i n  
t h a t  manner. 

I n  S e c t i o n  4 . 6 . 3 ,  t h e  PFPS states t h a t  "The technology and f a c i l i t i e s  
e s t a b l i s h e d  f o r  management and d i s p o s a l  of r a d i o a c t i v e  waste f ro?  t h e  LWF. 
n u c l e a r  power i n d u s t r y  b r i l l  be  d i r e c t l y  a p p l i c a b l e  t o  t h e  management of 
r a d i o a c t i v e  waste generated by t h e  UIFBX and its f u e l  cycle ."  It h a s  n o t  
been adequa te ly  denons t r a t ed  by t h e  PFES t h a t  t h e  technology and 
f a c i l i t i e s  e s t a b l i s h e d  f o r  t h e  p rocess ing ,  Fanagement, s t o r a g e ,  and/or  
d i s p o s a l  of waste from t h e  LVR i n d u s t r y  w i l l  be  d i r e c t l y  a p p l i c a b l e  t o  
managing LMFBR fhel c y c l e  waste. It appea r s  That t h e  fo l lowing  areas i n  
waste management may he  unique t o  t h e  LKFRR f u e l  c y c l e  and may r e q u i r e  
t h e  a p p l i c a t i o n  o r  development of new t echno log ie s :  

'Kad ia t ion  D a t a  and Reports ,  Vol. 15,  No. 12 
EPh O f f i c e  of Rad ia t ion  Programs, December 1374 
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a. t ransuranic  contaninatio: .  in t h e  L’.YBI? low-lcvel waste s t  tc.ans; 

c. r a d i o a c t i v e  s o J i u n  W ~ S L C S ,  C O R T . ~  8 1 ,  ‘ c ’ v  . I - : ; :T:CS of 
r a d i o a c t i v c  f i s s i o n  p r o , ! w t s ,  tr.rr . . 7 -. t , t t i v . : t i o ~  
p roduc t s  f r o n  neutron n c t i v a t i o ! :  , c *  ., 
due t o  t he  hizh neutron f l u x  levc,  ii, -.fie CTiC; and 

; c . - i l  components. 

d. increased q u a n t i t i e s  of transuranic c o n t a m i n a t e d  l o w - l e v e l  vaste 
a t  the L?IFR!’. f u e l  f a b r i c a t i o n  a n d  r e p r o c e s s s i n g  sites. 
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'me i T L 5  -il.?"is bccn g r e a t l y  expanded i n  t h e  area of s a f e g u a r d s .  T k -  
:;i.o.::-.,11 :.,:.i?ro:icii t o  deve lopnent  of t h e  r e q u i r e d  safe ;uards  pro;;ram is 
r - r p l i c l L l y  s t a t e d ,  as a r e  a number o f  s a f e g u a r d s  r e q u i r e n e n t s  and 
~ i l > p r o b l  m s .  I n  g e n e r a l  we b e l i e v e  t h a t  t h e s e  chanr;cs, alony, w i t h  o t h e r  
r e f i n c c z n t s  i n  t h e  t r e s t n e n t  of s a f e g u a r d s ,  sliow a r,reat i n p r o v e i x n t  o v e r  
t h e  p r e s e n t a t i o n  i n  t h e  W S .  The PFES i n c l u d e s  a s u b s t a n t i a l  anount  o f  
i n f o r n a t i o n  on s a f e g u a r d s  c o s t s  - i n fo rma t ion  t h a t  was omi t t ed  i n  t h e  
DES. T h i s  e f f o r t  can  on ly  b e  v i eved  as a f i r s t  a p p r o x i n a t i o n  o f  c o s t s ;  
n e v e r t h e l e s s ,  i t  p rov ides  a n  e x p l i c i t ,  i n t e l l i g e n t  cstirnate of t h e  
s a f e g u a r d s  c o s t s .  \.!e r e c o g n i z e  t i i a t  nakiii;; t h i s  e v n l u a t i o n  involved  
c o n s i d e r a b l e  e f f o r t ,  which w a s  j u s t i f i e d ,  however, by t h e  i n p o r t a n c c  of 
t h i s  a s p e c t  o f  t h e  program. 

Costs f o r  s a f e g u a r d s  w i l l  b e  h igh ,  i n v o l v i n g  many n i l l i o n s  o f  d o l l a r s  
Hotlever, when reduced t o  a p c r c c n t a 7 e  of in c a p i t a l  and o p e r a t i n g  c o s t s .  

co r re spond ing  t o t a l  c o s t s  f o r  a l a r g e  "nod i i~e"  o f  8 o , @ O O  MJc c a p a c i t y ,  
t h e s e  c o s t s  do no t  r e p r e s e n t  a n  e x c e s s i v e l y  h igh  f r a c t i o n  of t l ie t o t a l  
cost, f.e., less than  16 of  fuel. c y c l e  c a p i t a l  c o s t s  and less tlian 2% o f  
to ta l  o p e r a t i n g  c o s t s .  T h i s  is pe rhaps  t h e  b e s t  way of 1ool:inG a t  t h e s e  
costs. Hovevcr, i t  m u s t  b e  recognizccl t h a t  !)efore 1,;llXR deployrierit 
r e a c h e s  t h e  scale of  t h i s  nodule ,  t h e  cor rpspoi id ing  s a f c q u s r d s  c o s t s ,  
when expres sed  as f r a c t i o n s  of o p e r a t i n g  and  c a p i t a l  c o s t s ,  cou ld  b e  
c o n s i d e r a b l y  h ighe r .  

In view o f  t h e  r e c e n t  d i v i s i o n  o f  t h e  A E C  i n t o  IXRI and :JI:C, we 
s t r o n g l y  recomncnd t h a t  ERDX'S FES i n d i c a t e  e x p l i c i t l y  v h i c h  a z e n c i e s  are 
a s s i g n e d  s p e c i f  i c  areas of r e s p o n s i b l i t y  and a u t h o r i t y  f o r  s a i e g u a r d s .  
The s a f e g u a r d s  program is  o f  t h e  u t r ios t  f i ipor tance .  
p o s s i b l e  gaps i n  t h e  deve lopnent  of t h e  program can be avo ided  by an 
e x p l i c i t  ass ignment  o f  r e s p o n s i b i l i t y  and a u t l i o r i t y  froin t h e  s t a r t .  
A d d i t i o n a l l y ,  EI'XIA'S FES a l s o  shou ld  i n d i c a t e  t h e  o r y i n i z a t i o n a l  
s t r u c t u r e  w i t h i n  each  of t h e s e  a g e n c i e s  where t h e s e  t l u L i e s  r e s i d e .  

C i f f i c u l t i e s  and 

PLUTOIIIUII TOXICITY 

The PPES r e c o g n i z e s  t h a t  w i t h  r e s p e c t  t o  p lu tonium t o x i c i t y  t h e  
answers tc  some impor t an t  q u e s t i o n s  conce rn ing  t h e  ji:pact on  p u b l i c  
h e a l t h  are no t  s v a i l a b l e .  I t  i s  recognixed  by EPA an(! t h e  ACC t h a t  i n  
many cases t h e r e  are  r e a s o n a b l e  d i f  f e r e n c e s  of o p i n i o n  on t h c  h e n l t i i  
i m p l i c a t i o n s  tiiat might b e  i n f e r r e d  i n  tile absence  of J c f i n i t i v c  d a t a .  
While i t  is a g r e e d  t h a t  an ima l  t o x i c i t y  c x p c r i n e n t s ,  and n o t  t h e  rieager 
h u w n  exposure  d a t a ,  should  s e r v e  as a g u i l c ,  t l ie d i s c u s s i o n  o f  an i r :a l  
data i s  n o t  su f f ! c i en t  t o  a l l o w  a judgmcnt t p  be  made on  p l u t o n i u n  
t o x i c i t y  i n  m n .  
animal d a t a  e x t r a p o l a t e d  to  man are unreso lved .  

The d i f f e r e n c e s  o f  o p i n i o n  on  t h e  s i g n i f i c a n c e  of 

Although the t o x i c i t y  of p lu tonium m y  b e  underes t ima ted  by an o r d e r  
of magnitude, a d j u s t i n g  t h e  a d v e r s e  h e a l t h  e f f e c t s  estimates upwards by 
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~ r i  c l d s r  0: i ~ ~ ~ , ~ L c . ~ i + ~  ,:ai:ld not  s i g n i f i c a n t l y  change t h e  t o t a l  h e a l t h  
.::r?azt o f  :':e i!TSP proyzrn as estinated by t h e  AEC i n  t h e  PFES. Tiiis i s  
'T;.C?C~.UG!? t kc  r?rn;cc:.ed releases of p lu tonium are so small .  A s  new d a t a  
5 c r s z . ~  ;~va.i.I=,b ti. ci' :in): t h e  development of t h i s  t echnology,  any 
si:;.:ifii ~,nr c!m;~e:  t h a t  r a v  occur  i n  t h e  assuned  p r o b a b i l i t y  2nd 
c;agcltude of ;:lctcnium r e l e a s e s  i n t o  t h e  environment from t h e  LYFBR f u e l  
cycle would r e q u i r e  a r e -eva lua t ion  by  t h e  EPA on t h e  h e a l t h  impacts  due  
t o  t h e  X F B R  program. Hea l th  e f f e c t s  have been f o r e c a s t  on t h e  basis of 
what i s  essentially a z e r o  release o p e r a t i n g  phi losophy.  I t  r e s a i n s  t o  
be seen  whether  n e a r  ze ro  release is t e c h n o l o g i c a l l y  p c s s i b l e  and whether 
a l l  i n p o r t a n t  p lu tonium r e l e a s e s ,  such  as t hose  due t o  sabo tage ,  h sve  
been p r o p e r l y  cons ide red .  



V.84-36  

' 1  

Q 

Altliouzh w e  f a i l e d  t o  a d d r e s s  t h i s  i s s u e  i n  o:ir c m n c n t s  on tlie DES, 
vc n o t e  t h a t  AEC sugges t ed  t h a t  t h e  tioses c s t i n a t e t i  fKon s:)cnt f u z l  
t r a n s p o r t a t i o n  a c c i d e n t s  c o u l d  b e  c m p a r e d  t o  the "accident  Guide l ines"  
s e t  f o r t h  i n  10 CFR Par t  l?Q. 
t o  p rov ide  c r i t e r i a  t o  gui t ic  t h e  nuclear  iuc!!istry in. e v a l u a t i n g  t he  
s u i t a b i l i t y  of proposed s i t e s  f o r  L I X ' s ,  and Ltie b E C  inr!icated t h a t  i t s  
use of t h e  v a l u e s  o f  25 rem to t h c  wiiole boriy and 300 rem t o  the t h y r o i d  
is not i n t ended  t o  i n p l y  t h a t  thcse values c o n s t i t u t e  a c c e p t a b l e  3 . i m i t s  
for  energency doscs t o  tlie p u b l i c  under a c c i d c n t  c o n d i t i o n s .  I n  o u r  
opinion, i t  would be nore a p p r o p r i a t e  t o  c o c i y r c  t h e  t r a n s p o r t a t i o n  
a c c i d e n t  doscs to t h e  LI) 50/60 dose-response C i i K v e .  

'Zie s t a t ed  p u r p s e  of 10 CFR P n r t  li)? !.;:IS 

n 
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~ ' ' 2  .;IDERATION OF NUCLEAR ALTERNATIVES 

Alternatives to the ZMFBR were presented in Section 6 
'lhese alternatives are, in most cases, treated in an even-ha~ilr~' 
mtnner for comparison with t h e  LMPBR. Ifowever, t h i s  sectfqn nccll., ' 1 

hnve included in its summary 
viable alternatives, perhaps in tabular form. This comparfs-on sf] ?ti 
emphasize the significant advantages and disadvantages of the a1tc.:- 
natives (e.g., apparently the principal disadvantage of the GCFR 
is its later introduction date). 

t he  P i  ' ' :  

a side-by-side coqarison of the mo ' 1 %  
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: - ? s i  %j!l  110 respons ib le  f o r  issuance of discharge permits f o r  
*he ; T J ~ ~ ;  -:d [L'!FRR) power p l a n t s ,  under the  National Pol lu tan t  
9 i ~ c i 1  -r:c ;:;.nination System (NPDES) -- Sect ion 402 of t h e  Federal 
!late* r c l l u t i o n  Control Act of 1972, a s  amended (FIIPCA) . Issuance 
- f  ','e p e r n i t s  will be based upon review and ana lys i s  of  a l l  re levant  
;nforination supplied by the  Applicants.  Consideration will be given 
Lo requirements of  Sect ion 301 and 316(b), and a l l  o the r  provis ions of  
t he  Act. 

Sect ion 301 of t h e  FWPCA s t i p u l a t e s  t h a t  e f f l c c n t  l imits f o r  
var ious point  source discharges t o  navigable waters s h a l l  requi re  
the  zppl ica t  ion of "Best Prac t icable  Control Technology Economically 
Achievable" no l a t e r  than J u l y  1,  1977, and ' % e s t  Available Technology 
Economically Achievable" no l a t e r  than J u l y  1, 1983. The l eve l s  
corresponding t o  these  terns were defined i n  E P A ' s  Steam E l e c t r i c  
Power Generating Point Source Catezory Eff luent  Guidelines and Standards,  
Federal Renis ter ,  o f  Octoher 8 ,  1974. Sect ion 316(b) of t he  FI\'PC.A 
requi res  t h a t  'I.. . t h e  loca t ion ,  d c s i p ,  cons t ruc t ion ,  and capac i ty  o f  
cool ing water in take  s t r u c t u r e s  r e f l e c t  t h e  bes t  technology ava i l ab le  t o  
minimize adverse environment'al impact. I' 

Sect ion 306 of t h e  Act f u r t h e r  modifies e f f luen t  l i m i t s  f o r  new 
poin t  sources r equ i r ing  t h a t  !I.. .discharge of e f f luen t  reduct ion vhich 
t h e  Administrator determines t o  be achievable throuqh appl ica t ion  o f  t h e  
bes t  ava i l ab le  tlenoristrated cont ro l  technology, processes ,  operatin: 
methods, o r  o the r  a l t e r n a t i v e s  including,  where p rac t i cab le ,  a 
s tandard permi t t ing  no discharge of  po l lu t an t s  ." "New source" means 
any source,  t he  cons t ruc t ion  of which i s  commenced a f t e r  t he  publ ica t ion  
of proposed regula t ions  prescr ib ing  a standard of  performance under t h i s  
sec t ion  which w i l l  be appl icable  t o  such source,  i f  such s tandard i s  
t h e r e a f t e r  prornulgated i n  accordance with t h i s  s ec t ion .  
means any bui ld ing ,  s t r u c t u r e ,  o r  f a c i l i t y  from which t h e r e  i s  o r  may be 
t h e  discharge o f  p o l l u t a n t s .  An exception t o  these  new point  sources  i s  
any cons t ruc t ion  work contracted p r i o r  t o  publ ica t ion  of t h e  new 
proposed regula t ions .  

The term "source'  

n 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMlNlSTRATlON 
WASHINGTON, D.C. 2 0 S 5  

M r .  Sheldon Meyers, Di rec tor  
Office of Federal Activities 
U.S. Environmntal  Pro tec t ion  Agency 
Washington, D.C. 20460 

Dear M r .  Meyers: 

Thank you f o r  your l e t te r  of Apr i l  23, 1975 forgarding Environmental 
Pro tec t ion  Agency comments on the  Proposed Final Enviromental  Staternent 
(PFES) f o r  the  Liquid Metal Fast  Breeder Reector (LXFSR) Program. S ta f f  
responses t o  the  EPA c o m n t s  on the  PFES a r e  enclosed. 

We apprec ia te  t he  t i m e  taken by EPP. s t a f f  i n  t h e i r  extensive review of 
both the  Draf t ' and  Proposed Fina l  S ta t snents .  
Environmental Statement are enclosed f o r  your infornat ion.  

Cop-les of the F ina l  

Sincerely,  

i s t a n t  Administrator f o r  
nvironment and Safety 

Enc 10s u res : 
1. ER3A Sta f f  Responses t o  

Spec i f ic  EPA Coments 
2. Fina l  Environmental Staternent, 

LMFBR Program (10 copies) 
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ERDA Staf f  Responses t o  EPA Comments 

EPA Comment (page 3): 

"The proposed f i n a l  environmental s ta tement  (PFES) responds 
s a t i s f a c t o r i l y  t o  a l l  but  two of the d e t a i l e d  EPA c r i t i c i s m s  
of t h e  benefi t -cost  analyses  presented i n  t h e  d r a f t  environ- 
mental s ta tement  (DES). One area i n  which the  PFES a n a l y s i s  
is d e f i c i e n t  is i n  t h e  presenta t ion  of t h e  r e s u l t s  of the  
s e n s i t i v i t y  a n a l y s i s  requested by EPA." 

ERDA Response: 

EPA i n i t i a l l y  requested a series of 16 cases with t h e  LMFBR a v a i l a b l e ,  and 
8 cases without t h e  LMFBR, t o  test "synergis t ic"  e f f e c t s  of combinations 
of assumptions. 
t h e  Draf t  Environmental Statement. 

Five of these coincided wi th  cases a l ready  performed f o r  

The EPA cases requested involved "opt imist ic"  and "base" assumptions of 
uranium o r e  reserves .  The AEC countered with a proposal that t he  cases 
consider  "opt imist ic"  and "pessimistic" uranium assumptions, and t h a t  
values  for "base" assumptions be a r r i v e d  a t  by i n t e r p o l a t i o n .  
procedure w a s  agreed t o  by t h e  EE'A r e p r e s e n t a t i v e  reviewing t h e  cost-  
b e n e f i t  study. 
proposed by AEC are shown i n  Table I. 

Of t h e  12 EPA-requested cases consider ing base uranium assumptions, th ree  
coincided with cases a l ready  run. One a d d i t i o n a l  case (47B) w a s  included 
i n  t h e  PFES, and four  o t h e r s  w e r e  run as "ca l ibra t ion"  cases t o  assist 
i n  i n t e r p o l a t i n g ;  although they were not  reported i n  the  PFES, t h e i r  
results were used there in .  
HTGR and LMFllR c a p a c i t i e s ,  and can be i n t e r p o l a t e d  from "optimistic" and 
"pessimistic" cases.  
ca lcu la ted  o r  obtained thtough i n t e r p o l a t i o n  of c a l c u l a t i o n s  t h a t  c l o s e l y  
bracketed the requested cases. Accordingly, we be l ieve  the PFES complied 
wi th  EPA's request .  

This  

Comparison of t h e  cases requested by EPA and those 

The four  remaining cases involved constrained 

I n  summary, a l l  EPA-requested cases were e i t h e r  

EPA Comment (pages 3-4): 

"Most observers  would agree t h a t  with respec t  to  t h e  base energy 
demand, c a p i t a l  c o s t s ,  and HTGR c o n s t r a i n t s ,  devia t ions  from t h e  
base pro jec t ions  are l i k e l y  t o  be i n  only one d i r e c t i o n  - 
d e f i n i t e l y  downward - given recent  populat ion growth and energy 
demand experience.  Such agreement could not  be found with 
respec t  t o  the  projected uranium supply. AEC c o r r e c t l y  supple- 
mented t h e  requested s e n s i t i v i t y  a n a l y s i s  with considerat ion of 
a pess imis t ic  pro jec t ion  of f u t u r e  uranium suppl ies .  
pess imis t ic  f o r e c a s t  r e f l e c t s  t h e  b e l i e f  of many t h a t  f u t u r e  
uranium suppl ies  w i l l  be l imi ted  t o  today's known and p o t e n t i a l  
reserves .I' 

Their  



V .a-41 

2 

TABLE I 

COMF'ARISON OF ADDITIONAL CASES: EPA AND AEC 

WFBR Electrical HTGR & EpA* AEC 

(af ter  2000) Constrained? No. No. 
f&:fy C a p i t a l  Cost Demand IMFBR Case Case 

O p t  i m i s  t i c 
Opt imis t ic  
o p t  imls  t I C  
Op t i m i s  t i c  
O p t i m i s t i c  
Opt  i m i s  t i c  
O p t i m i s t i c  
Op t i m i s  t i c  
Opt imis t ic  
o p  t i m i s t i c  
Opt i m i s  t i c  
Optimls t i c  

Base 
B a s e  
Base 
Base 
B a s e  
B a s e  
Base 
Base 
Base 
Base 
B a s e  
Base 

Pess imis  t i c  
P e s s i m i s t i c  
Pessimls t i c  
Pessimis t i c  
P e s s i m i s t i c  
P e s s i m i s t i c  
Pess lmis t i c  
P e s s i m i s t i c  
P e s s i m i s t i c  
Pessimis t i c  
P e s s i m i s t i c  
Pess imis t ic  

+$lOO/kw 
+$lOO/kw 
+$lOO/kw 
+$ 1OO/kw 

B a s e  
Base 
Base 
B a s e  

(none) 
(none) 
(none) 
(none) 

+$lOO/kw 
+$lOO/kw 
+$lOO/kw 
+$loo /kw 

B a s e  
B a s e  
Base 
B a s e  

(none) 
(none) 
(none) 
(none) 

+$lOO/kw 
+$lOO/kw 
+$lOO/kw 
+$lOO/kw 

Base 
Base 
B a s e  
Base 

(none) 

(none) 
(none) 

(none 1 

-5 0% 
-5 0% 
B a s e  
B a s e  
-5 0% 
-5 0% 
B a s e  
B a s e  
-50% 
-50% 
Base 
B a s e  
-5 0% 
-5 0% 
B a s e  
B a s e  
-5 0% 
-50% 
B a s e  
B a s e  
-5 0% 
-50% 
B a s e  
B a s e  
-5 0% 
-50% 
B a s e  
Base 
-5 0% 
-5 0% 
B a s e  
B a s e  
-5 0% 
-50% 
B a s e  
B a s e  

No 
Y e s  
No 

Y e s  
No 

Y e s  
No 

Yes 
No 

Y e s  
No 

Yes 
No 

Y e s  
No 

Y e s  
No 

Yes 
No 

Yes 
No 

Yes 
No 

Y e s  
No 

Y e s  
No 

Yes 
No 

Y e s  
No 

Y e s  
No 

Yes 
No 

Y e s  

1 
2 
3 
4 
5 
6 
7 
8 

(unnumbered) 
(unnumbered) 
(unnumbered) 
(unnumbered) 

9 
10 
11 
12 
13 
14 
15 
16 

(unnumbered) 
(unnumbered) 
(unnumbered) 
(unnumbered) 

57 
58 
54 
55 
51 
52 
47 
7 

49 
48 
45 
5 

(57B) 

(54B) 

(51B) 

(47B) 
3 

(49B) 

30 
1 

7 1  
72 
68 
69 
65 
66 
6 1  
11 
63 
62 
59 
9 

-- 
-- 
-- 

-- 

*Cases i n  parentheses  were run f o r  c a l i b r a t i o n  purposes but  were not  included 
i n  PPES t a b l e s .  
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ERDA Response: 

Deviations from t h e  base assumptions i n  energy demand, c a p i t a l  msts,  and 
HTGR c o n s t r a i n t s  are not  n e c e s s a r i l y  l i k e l y  t o  be  only i n  t h e  d i r e c t i o n  
which decreases  b e n e f i t s  from LMFBR in t roduct ion .  Deviations i n  t h i s  
d i r e c t i o n  were emphasized i n  t h e  s tudy s i n c e  i t  w a s  f e l t  t o  be more 
appropr ia te  t o  tes t  t h e  LMFBR's a b i l i t y  to  produce b e n e f i t s  under combi- 
n a t i o n s  of adverse condi t ions.  Some condi t ions tending t o  increase  
b e n e f i t s  from t h e  breeder  have a high l ike l ihood of occurring. For 
example, costs f o r  uranium enrichment used f o r  most cases i n  t h e  study 
were taken at  $36 p e r  s e p a r a t i v e  work u n i t  (SWU). Actual charges now i n  
e f f e c t  range upward t o  $53 p e r  SWU. It is expected t h a t  t h e  p r i c e  f o r  a 
SW w i l l  be  a t  least $75 when provided by p r i v a t e  industry.  In  cases 73 
through 76 of t h e  P E S  (Table IW-1) t h e  cur ren t  and f o r e c a s t  enrichment 
charges were included; t h i s  s i n g l e  charge increased base discounted 
b e n e f i t s  by 50 percent.  
enrichment charges, lower energy demand projections and higher uranium 
p r i c e s  have been analyzed and are presented i n  Section I11 F of t h e  FES. 

Additional cases corresponding to  increased 

EPA Comment (page 4): 

"The second area i n  which t h e  PFES responds poorly t o  FSA's 
comaents is i n  t h e  a n a l y s i s  of t h e  e f f e c t s  of a delay i n  t h e  
in t roduct ion  d a t e  of t h e  LMFBR on t h e  a n t i c i p a t e d  b e n e f i t s  
of t h e  program. ... The PFES would be g r e a t l y  improved were 
i t  to expand its treatment  of t h e  quest ion of t iming of LMFBR 
in t roduct ion  inc luding  a d d i t i o n a l  s e n s i t i v i t y  analyses  using 
t h e  benef i t -cos t  model." 

ERDA Response: 

Of t h e  76 cases present  i n  t h e  PFES cost-benefi t  ana lys i s ,  24 involved t h e  
e f f e c t s  of delay i n  t h e  LMFBR in t roduct ion  da te ,  and 8 more (cases 37-44) 
involved r e s t r i c t i o n s  on post- introduct ion c o d t m e n t  of t h e  LMFBR. Ample 
information is given i n  these  cases to  perndt  ex t rapola t ion  to  o t h e r  
condi t ions.  

Compliance i n  f u l l  with t h i s  reques t  of EPA would requi re  t h a t  a l a r g e  
number of a d d i t i o n a l  cases be  ca lcu la ted ,  with minimal a d d i t i o n a l  gain 
of information. In comments on t h e  d r a f t  environmental s ta tement ,  EPA 
requested an expansion of t h e  d iscuss ion  on e f f e c t s  of delays i n  the 
LMFBR in t roduct ion  da te ;  t h e  cases i n  t h e  PFES comply with t h i s .  
those  coaunents d id  not  request  a d d i t i o n a l  c a l c u l a t i o n s  as is n m  i n f e r r e d  
by EPA. 

However, 
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EPA Comment (pages 5-6 ) :  

' I . . .  t he  evidence is s u f f i c i e n t l y  great t o  request t h a t  the  HTGR 
constrained base cases be rerun with a year 2000 cons t ra in t  
ins tead  of a year  2020 cons t ra in t .  Depending on t he  unknown 
d i f f e r e n t i a l  e f f e c t s  of t h e  HTGR and the  LMFBR, t he  bene f i t s  
reported f o r  t he  HTGR constrained cases could be s i g n i f i c a n t l y  
reduced. 

' 'Until t h i s  confusion with respect  t o  t r u e  bene f i t s  is cleared up, 
t he  results of t h e  benefi t -cost  ana lys i s  must be questioned. 
mst d i r e c t  way t o  resolve the  problem would be t o  run t he  HTGR 
constrained cases f o r  a year  2000 cons t ra in t  and the  comparative 
cases with a year  2020 constraint .  
of t h e  e f f e c t s  of both the  2020 and 2000 cons t r a in t s  could be 
evaluated. 'I 

The 

In  t h a t  way complete estimates 

ERDA Response: 

In t he  cons t ra in t  r a t iona le ,  cons t r a in t s  f o r  both t h e  HTGR and the  LPFBR 
p r i o r  t o  t h e  year  2000 were appl ied cons is ten t  with the  capaci ty  projec- 
t i o n s  of WASH-1139(72). For d i f f e r i n g  energy pro jec t ions ,  t he  r a t i o s  of 
HTGR and 'UIFBR capaci ty  t o  t o t a l  nuclear  capaci ty  were taken t o  be the  
same as i n  the  WASH-1139(72) project ion.  For cases when the  LMFBR was 
assumed not  t o  be ava i lab le ,  t he  addi t iona l  required capaci ty  w a s  divided 
proport ionately between LWR's and HTGR's. 

Beyond t h e  year  2000, cons t ra in ts  were not  appl ied t o  LMFBR's; t he  
capaci ty  of HTGR's  w a s  constrained t o  not  more than 1 f 3  t h e  capaci ty  of 
LWR's. As a matter of p r a c t i c a l i t y  i n  the ca l cu la t ions  (as  is ind ica ted  
i n  the  footnote  of Table U.2-23 of t he  PFES), HTGR constraints were "not 
imposed or needed" i n  cases with LMFBR's available ,  s ince i n  those cases 
economic f ac to r s  l imi ted  the  introduct ion of HTGR's. 
t h e  LMFBR is economically a t t r a c t i v e ,  it pronotes the  economic d e s i r a b i l i t y  
of r eac to r  types (LWR's) which furn ish  i t  plutonium f u e l  during i ts  
introductory years.  As a coro l la ry ,  t he  in t roduct ion  of HTGR's is 
depressed. This same e f f e c t  has been repeatedly observed, not  only i n  
these s t u d i e s  but  i n  evaluat ions of d i f f e r e n t  reac tor  types using a 
completely d i f f e ren t  computer model. 

As an i l l u s t r a t i o n  of t h i s  e f f e c t ,  a va r i an t  of C a s e  3 of t he  PFES study 
w a s  ca lcu la ted  i n  which HTGR cons t r a in t s  remained imposed u n t i l  2020. 
Table I1 ind ica t e s  t h e  comparative development of a reac tor  mix fo r  t h i s  
case, f o r  t he  "standard" Case 3 (cons t ra in ts  imposed only u n t i l  2000) and 
f o r  t he  unconstrained Case 47B. As is seen,  t he  C a s e  3 va r i an t s  are 
i d e n t i c a l ;  even the  completely unconstrained case shows only minor 
d i f fe rences .  Costs of power, a l so ,  are i d e n t i c a l  f o r  t he  Case 3 var ian ts .  

I n  any case where 
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HTGR Constrained 
to  2020; LMFBR 
Constrained t o  2000 

(Case 3 Variant) 

TABLE I1 

EFFECT OF HTGR CONSTRAINTS ON REACTOR MIX (LMFBR INTRODUCTION 1987) 

(Base Energy, Base U308 Supply) 

GW Operating at Beginning of :  

HTGR, LME'BR 
Constrained to 2000 

(Case 3) 

HTGR, U F B R  
Unconstrained 

(Case 47E) 

LIJR 
HTGR 

LNFCR 

LIiR 
HTGR 

LMFBR 

LVR 
HTGR 
LMFER 

51 147 369 655 635 861 - 2 40 90 98 69 - - 13 369 1378 2342 

51 147 369 655 635 861 - 2 40 90 98 69 - - 13 369 137 8 2342 

51 147 330 523 552 842 - 2 80 123 122 85 - - 13 469 1435 2346 

P 
5!2 
I 
P 
P 
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EPA Comment (page 6) :  

'%PA requested a s e n s i t i v i t y  ana lys i s  of the  combined e f f e c t s  
of two possible  values f o r  four  of the major inputs  to  the  
benefi t -cost  analysis .  The s e n s i t i v i t y  ana lys i s  required the  
evaluat ion of 16 possible  cases (2,3,5,6,8,9,ll,l2,14,15,17, 
18,20,21,23, and 2 4 )  i n  Table 1. Table I V  D-1 i n  t he  Appendix 
omits r e s u l t s  f o r  s i x  of the  requested cases (cases 3,8,9,16,20, 
and 21) i n  Table 1. The r e s u l t s  f o r  cases 3,8,  and 9 do appear, 
however, i n  graphical  form i n  Figure 11.2-ll of t he  benefi t -cost  
document. The r e s u l t s  f o r  cases 15.20, and 21 were not  found 
anywhere i n  the  report .  The c i r c l ed  r e s u l t s  presented i n  the  
gross bene f i t  c o l u w  of Table lwere estimated by in te rpola t ion .  
For t h e  sake of completeness, t he  document should include 
analyses of a l l  of t he  requested 16 cases and the  results should 
a l l  appear i n  Table I V  D-1." 

ERDA Response: 

As w a s  shown e a r l i e r ,  a l l  EPA-requested cases were ac tua l ly  calculated 
except t h r e e  LMFBR cases and one case without the  LMFBR. A l l  four  of 
these  cases involved "base" uranium assumptions and low energy demand 
(50% below t h e  base demand i n  the  year  2020). However, t he  corresponding 
cases were shown using both "pessimistic" and "optimistic" uranium supply 
assumptions. 
results f o r  these cases d i f f e red  only s l i g h t l y  between the  opt imis t ic  
and pess imis t ic  uranium assumptions. Therefore, t h e  intermediate  values 
f o r  t h e  base assumption may be readi ly  a r r ived  at by in te rpola t ion ,  and 
the  added ca lcu la t ions  were not f e l t  t o  be warranted. 

As might be expected with t h e  lowered energy demand, 

The results f o r  cases 15, 20 and 21 are given i n  Table 11.2-24. Table 
I V  D-1 presents  t he  r e s u l t s  only of calculated cases. W e  be l ieve  i t  
s impl i f i e s  matters to  limit presentat ion of in te rpola ted  cases to  the  
sec t ion  on r e s u l t s  (Section 11.2.4). 

EPA Comment (page 7 ) :  

"Summary Results of t he  Sens i t i v i ty  Analysis 

"Table 1 i n  t h i s  document contains  36 cases: . . . . Figures 11.2-10 
and 11.2-11 i n  the  PFES purportedly present t h e  r e s u l t s  'of the  
s e n s i t i v i t y  ana lys i s  .... Figure 11.2-11 presents  t he  r e s u l t s  
f o r  t h e  1 2  cases with no HTGR constraint .  The companion Figure 
11.2-10, however, omits t h ree  important cases - cases 15, 20, and 
21 i n  Table 1 of t h i s  document. Inclusion of the  r e s u l t s  f o r  these 
t h r e e  cases would a l t e r  t he  v i sua l  impression of Figure 11.2-10. 
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The bene f i t  p i c tu re  would d e f i n i t e l y  be  less favorable  t o  t h e  LMFBR. 
Figure 11.2-10 should be modified t o  include these r e s u l t s  f o r  
cases 15. 20,  and 21 i n  Table 1." 

ERDA Response: 

Figures 11.2-10 and 11.2-11 i n  the  PFES do n o t  purport  t o  follow the  
b r e a k d m  i n  EPA's Table 1, bu t  they follow t h e  modified AEC schedule 
ahown here in  i n  Table I (which w a s  agreed t o  by EPA) p lus  t h e  add i t iona l  
cases as shown i n  .the table .  

While Figure 11.2-10 does no t  d i sp lay  r e s u l t s  f o r  t he  th ree  disputed 
cases, i t  does s h w  the  corresponding cases f o r  "optimistic" and 
"peseimistic" uranium assumptions. 
of t h e  mid-range base case r e s u l t s  would inf luence t h i s  f i gu re  t o  t h e  
detriment of t he  W B R .  
Figure 11.2-11, which shows the  corresponding cases without  cons t r a in t s  
appl ied t o  reac tor  types.  

It is no t  a t  a l l  clear t h a t  d i sp lay  

This is c e r t a i n l y  not  t r u e  i n  t h e  comparison i n  

EPA Comment (pages 7-8) : 

" In te rp re t a t ion  of t he  Effec ts  of Changing Conditions on t h e  Benefi ts  
of t h e  LMFBR 

"Tables 11.2-23, 11.2-24, and 11.2-25 i n  t h e  PFES present  d a t a  t o  
s h m  t he  independent e f f e c t s  of v a r i a t i o n  i n  HTGR cons t r a in t s ,  
uranium supply,  and LMFBR c a p i t a l  c o s t s  on t h e  est imated b e n e f i t s  
of t h e  LMFBR program. 
e f f e c t s  of va r i a t ion  in energy demand. 
is poorly presented i n  the  d iscuss ion  on pages 11.2-138 through 
11.2-142 and i n  Figure 11.2-38. 
t h a t  t he  d a t a  are g ross  b e n e f i t  values ,  . . . . 
"In view of t h i s  v o l a t i l i t v  of n e t  b e n e f i t s  wi th  respect t o  uranium 

Such a t a b l e  is not  presented f o r  t h e  
The e f f e c t  of energy demand 

The t ab le s  tend t o  b e  confusing i n  

supply,  i t  would appear des i r ab le  t o  c o l l e c t  more information on 
uranium supply before  making a t o t a l  commitment t o  pursue t h e  n e t  -~ 
b e n e f i t s  of t he  LMFBR program (emphasis added). 

' I . . . .  'The r a t i o  (B/C) f a l l s  belau one only when two o r  more l a rge  
adverse circumstances--each considered unlikely--are assumed t o  
occur i n  concert . '  So long as t h e  unconstrained in t roduct ion  of  
t h e  HTGR is considered a ' l a rge  adverse consequence,' t h i s  
s ta tement  is true.  I f  t he  unconstrained HTCR condi t ion i s  no t  
viewed as unl ike ly ,  then the  number of adverse condi t ions f o r  12  
of the  caaes i n  Table 2 are reduced by 1 t o  equal  t h e  numbers 
in parentheses i n  the  l a s t  column.. . ." 

n 
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ERDA Response: 

The in t en t  of the  EPA comments is not  clear i n  the  statements t h a t  t h e  
e f f e c t s  of energy demand are "poorly" shown. 
Figure U.2-38 are comparable t o  t h e  t a b u l a r  da ta  given in Tables 11.2-23 
through 25, but  are shown i n  graphical  form ( i n  response to  t h e  request  
of another  cormnentor) f o r  "greater  clarity. 

The graphica l  d a t a  i n  

Gross b e n e f i t  numbers a r e  used c o n s i s t e n t l y  throughout t h i s  repor t .  These 
are t h e  va lues  used both in determining c o s t - b e n e f i t  r a t i o s  and i n  rn te -  
of-return analyses .  Program c o s t s  are a l s o  prominently displayed. The 
reader  may convert t o  n e t  b e n e f i t  values  e a s i l y  i f  he wishes. 

Tables ll.2-23 through, 11.2-25, along with o t h e r  t a b l e s  and f i g u r e s  i n  t h e  
report, w e r e  designed t o  show t h e  t rends  of e f f e c t s  of changing key 
parameters. 
t o  avoid complicated comparisons such as t h a t  shown i n  EPA's Table 2 and 
make t h e  r e l a t i o n s h i p s  more understandable to  t h e  reader  ( t h e  da ta  i n  
Table 2, by t h e  way, are given i n  very similar form i n  Table IVD-1 of 
t h e  PFES). 

The m u l t i p l i c i t y  of t a b l e s  and f i g u r e s  w e r e  used p r i c c i p a l l y  

As regards  t h e  " v o l a t i l i t y "  of b e n e f i t s  with respect  to uranium supply,  
ERDA is car ry ing  out  programs t o  assess domestic uranium resources and 
improve technology f o r  discovery,  assessment, and production of these  
resources.  Preliminary r e s u l t s  of t h i s  program, however, i n d i c a t e  tha t  
uranium s u p p l i e s  may b e  less p l e n t i f u l  than is assumed i n  t h e  'base" 
reserves  considerat ion.  Recent pro jec t ions  of uranium ore  supply by 
ERDA, t h e  U.S. Bureau of Mines, and t h e  National Science Foundation 
a l l  tend to  be  more conservat ive than t h e  %ase" assumption. 

As regards t h e  relevance of capaci ty  c o n s t r a i n t s  appl ied t o  t h e  HTGR and 
t h e i r  r e l a t i o n s h i p  t o  "large adverse circumstances"--the r a t i o n a l e  f o r  
imposit ion of these  c o n s t r a i n t s  w a s  set f o r t h  i n  t h e  PFES. 
of using such a c o n s t r a i n t  mechanism is confirmed by recent d a t a  on 
comparative c a p i t a l  c o s t s  and f u e l  cycle  costs of HTGR's and LWR's, 
which i n d i c a t e  t h a t  t h e  HTGR may have inadver ten t ly  been given an 
unwarranted economic advantage over t h e  LWR via input  da ta  used i n  the  
study. 

The l o g i c  

EPA Comment (pages 8-91 : 

"ADOPTION OF A DECISION RULE FOR DECISION UNDER UNCERTAINTY 

"There. are s e v e r a l  combinations of poss ib le  f u t u r e  condi t ions t h a t  
could r e s u l t  i n  t h e  benefi t -cost  a n a l y s i s  y i e l d i n g  negat ive n e t  
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bene f i t s  (11 of the  24 cases presented i n  Table 1). 
cost analysis  could dea l  b e t t e r  with implications of  these negative 
bene f i t  cases i n  terms of  the  ove ra l l  assessment of whether the  
d o l l a r  benef i t s  of t h e  LMFBR program exceed the  do l l a r  costs...." 

The benefi t -  

ERDA Response: 

The reviewer is i n  e r r o r  i n  s t a t i n g  t h a t  ll of h i s  24 EPA cases i n  
Table 1 ind ica te  negat ive n e t  bene f i t s  (i.e., benef i t /cos t  r a t i o s  less 
than 1). 
represent  some of the most adverse assumptions considered i n  the  study. 

Several e r r o r s  appear i n  Table 1: 

(1) 

Only seven of these cases show these r e su l t s ,  and they 

In  cases 5, 11 and 20 t he  wrong PFES cases w e r e  se lec ted  f o r  
comparison. The cases se lec ted  Imposed capacity cons t ra in ts  
on the  LMFBR but not on t h e  HTGR. 

(2) In  severa l  cases rounded-off approximations i n  the summary 
sec t ion  of t h e  PPES i n  Chapter ll were used r a the r  than mre 
prec ise  da t a  given elsewhere i n  t h e  chapter. 

Benefit values f o r  EPA cases 20 and 21 .were taken from the 
incor rec t  t a b l e  i n  the  sunnnary sect ion.  
u t i l i z e  capacity cons t ra in ts  on HTGR's and LMFBR's; the  benef i t s  
l i s t e d ,  and t h e  t a b l e  referenced, are f o r  unconstrained cases. 

(3) 
The referenced cases 

The log ic  of t he  remainder of t h i s  sec t ion  appears t o  confirm strongly 
our  r e s u l t s  showing a decided bene f i t  from e a r l y  LMFBR introduction. 
Hwever, t h e  reviewer's comments must be weighed i n  l i g h t  of the  fac t  
t h a t  s e n s i t i v i t y  cases i n  the  cast-benefit study w e r e  selected t o  empha- 
s i z e  adverse conditions, and i n  l i g h t  of subsequent information that  
(1) uranium reserves may in ac tua l i t y  be less than assumed i n  t h e  base 
project ion;  (2) the  HTGR may have been given an unintended economic 
advantage in the  study; and (3) assumed uranium enrichment cos ts  w e r e  
d e f i n i t e l y  too low. 
suggested are in t e re s t ing ,  they are not required t o  confirm the  
favorable benef i t /cos t  pos i t ion  of the  LMFBR. 

While the  a l t e rna te  techniques of LMFBR evaluation 

EPA Comment (pages 9-10) : 

"1. Likelihood t h e  Base Project ions a re  High 

"As par t  of the  Project  Independence Report, FEA prepared base 
case pro jec t ions  f o r  t o t a l  energy demand as a function of t he  
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p r i c e  of o i l  over  the  short-term period from 1972 t o  1985. 
With t h e  p r i c e  of imported o i l  a t  $7 p e r  b a r r e l  t o t a l  energy 
demand was pro jec ted  t o  grow at 3.2 per  cent p e r  year.  With 
a p r i c e  of $11 p e r  b a r r e l  t o t a l  energy demand was projected to 
grow a t  2.7 p e r  cent  p e r  year." 

ERDA Response: 

EPA places  heavy emphasis on r e s u l t s  from t h e  P r o j e c t  Independence study. 
Pro jec t  Independence w a s  n e a r l y  t o t a l l y  concerned with short-range 
(1975-1985) f o r e c a s t s  and eva lua t ions ,  and made only cursory long-range 
f o r e c a s t s  using s i m p l i f i e d  modeling techniques.  
although they covered e s s e n t i a l l y  a l l  p o t e n t i a l  energy sources  and uses ,  
were concerned mainly with energy use and conservat ion p r a c t i c e s  a f f e c t i n g  
petroleum and n a t u r a l  gas. The long-range s t u d i e s ,  carried out  on a m c h  
lower key, are heavi ly  q u a l i f i e d  by FEA themselves i n  t h e  Pro jec t  
Independence report. =A's extending of FEA short-range forecas t ing  
methods i n t o  longer  range f o r e c a s t s  is p a r t i c u l a r l y  inappropr ia te  : the  
p r i c e  of oil, i n  p a r t i c u l a r ,  is al l - important  i n  short-range f o r e c a s t s ,  
bu t  i n  t h e  longer  range may merely mean less o i l  is used -- or more 
energy uses  are s h i f t e d  t o  a l t e r n a t e  sources ,  inc luding  e l e c t r i c i t y ,  

Many energy f o r e c a s t s  have been made i n  t h e  p a s t  few years ;  some are lower 
than t h e  PFES base case, and some are higher  ( t h e  PFES cost-benefi t  s tudy,  
i n  f a c t ,  considers  e i g h t  s e p a r a t e  energy f o r e c a s t s ) .  

A supplemental c o s t - b e n e f i t  a n a l y s i s  u t i l i z i n g  updated assumptions is 
included i n  t h e  F ina l  Environmental Statement. 
energy demand i n  t h i s  a n a l y s i s  u t i l i z e s  recent  ERDA pro jec t ions  which 
approximate t h e  FEA value.  

The short-range s t u d i e s ,  

The base assumption f o r  

EPA Comment (pages 10-11): 

''Apparent Inconsis tence of Population and T o t a l  Energy Demand 
Pro jec t ions  

'I.. . .The pro jec ted  rate of growth of populat ion over t h e  per iod from 
1970-2020 is  only 56 p e r  cent  of t h e  populat ion growth rate over  
t h e  per iod from 1950 t o  1972. It  would be  extreme t o  argue t h a t  
a comparable reduct ion i n  t h e  rate of growth of t o t a l  energy demand 
would a lso  occur. A n  annual growth rate in t o t a l  energy demand of 
2.5 p e r  cent  (as projec ted  by Pro jec t  Independence for t h e  period 
1985-2020) would be equal  t o  74 p e r  cent  of t h e  earlier per iod ' s  
3.4 p e r  cent  growth rate. Such a reduced rate would appear more 
c o n s i s t e n t  with t h e  pro jec ted  reduced rate of population growth." 
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IDA Response: 

The crux of t h e  comments on t h i s  s e c t i o n  appear t o  be  t h e  na ture  of the 
r e l a t i o n s h i p  between population growth and growth i n  the  GNP. Use of an 
average over t h e  years  1950-1972 masks important t rends .  
h i s t o r i c  t rends  on a year-to-year b a s i s  shows growth i n  GNP acce lera t ing  
r e l a t i v e  t o  population growth, because of increases  i n  product iv i ty .  As 
is mentioned on page 11.2-53 of t h e  PFES, t h e  h i s t o r i c  product iv i ty  
increase rate of 2.6% p e r  year  was  chosen as representa t ive  of t h e  
long-term rate of change i n  product iv i ty ,  and was used t o  pro jec t  GNP. 

An a d d i t i o n a l  f a c t o r  not  taken i n t o  account by EPA is t h e  h i s t o r i c  f a c t  
t h a t ,  s i n c e  about 1965, t h e  ratios of consumption of both t o t a l  energy 
and of electricity r e l a t i v e  to  real ( inf la t ion- f ree)  GNP, have increased 
r e l a t i v e  to  t rends  in p r i o r  years .  

In similar manner. EPA's averaging of pro jec ted  rates of population 
growth over a 50-year per iod (1970-2020) masks t h e  f a c t  t h a t  present  
l o w  b i r t h  rates w i l l  not  appreciably a f f e c t  t h e  product ive s e c t o r  of 
t h e  population u n t i l  t h e  1990's at t h e  earliest. 

Analysis of 

EPA Comment (pages 11-12): 

"Implication of Pro jec t  Independence Pro jec t ions  f o r  t h e  Optimal 
Timing of t h e  LMFBR Introduct ion Date 

'Dn page 80 of EPA's comments on t h e  DES it  vas suggested t h a t  t h e  
quest ion of optimal t iming for t h e  Introduct ion of t h e  W B R  ought 
to  be discussed i n  t h e  PFES. Unfortunately,  t h e  PFES analyzes t h e  
e f f e c t s  of t iming f o r  too few a l t e r n a t i v e s  to make a reasonable 
evaluat ion.  Table I V  D-1 contains  information on t iming f o r  cases 
i n  which a t  most one adverse assumption is made with respec t  t o  
t h e  o v e r a l l  base case. Very important ly ,  t h e  e f f e c t  of t iming 
given t h e  ( -50%) demand pro jec t ion  is not  presented under any 
condi t ions.  

ERDA Response: 

The e f f e c t s  of de lay  i n  t h e  LMFBR in t roduct ion  d a t e  are presented, i n  
24 of the  76 cases i n  t h e  PFES, as a f f e c t e d  by changes i n  energy demand, 
a v a i l a b i l i t y  of uranium ores ,  and a v a i l a b i l i t y  of advanced LNFBR designs.  
Extrapolat ions can r e a d i l y  be made f o r  o t h e r  assumed condi t ions v i a  the  
o t h e r  cases considered and reported i n  t h e  PFES study. 

The "optimal" t i m e  f o r  LMFBR in t roduct ion ,  a t  any rate, is t h e  e a r l i e s t  
f e a s i b l e  date .  As is  explained i n  d e t a i l  i n  the  PFES, delay i n  LMFBR 

. 
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in t roduct ion  r e s u l t s  i n  added expenditures f o r  uranium ore  and f o r  
separa t ive  work which are not recoverable i n  any fu ture  years.  
t he  ne t  pena l t i e s  f o r  delay vary f o r  d i f f e r e n t  assumptions of energy 
demand, uranium cos t s ,  etc., the lo s ses  d e f i n i t e l y  occur. 

It is a l s o  noted t h a t  a delay i n  the introduct ion of t he  breeder delays 
the  t i m e  when the  nuclear  power industry is self-generat ing all the  
f i s s i l e  f u e l  t h a t  is required f o r  new and operat ing reactors .  
time of fue l  se l f - suf f ic iency  the  industry e s s e n t i a l l y  does not  requi re  
mined uranium and as a r e s u l t  the  f u e l  cyc le  c o s t s  of converter r eac to r s  
are s t a b i l i z e d  a t  a law value, perhaps as low as 1 m i l l  per  Kwhr. 
delaying the  breeder can have a l a rge  impact on the  f u e l  cycle  cos ts  of 
t he  l a rge  number of converter  r eac to r s  expected to be operat ing about 
t h e  turn  of t he  century.  

While 

A t  t h i s  

Hence, 

Further  d e t a i l s  on the  economic impact of delaying the  breeder  are 
provided i n  ERDA-38, "The LMFBR-Its Need and Timing". and the  Statement 
of Saul Strauch before  the  Subcommittee t o  Review the  National Breeder 
Reactor Program, J o i n t  Committee on Atomic Energy, Congress of the  U.S., 
on Ju ly  10, 1975. 

EPA Comment (pages 12-13): 

"The r e l a t i v e  values  of t he  f igu res  i n  Table IV.D-1 ,  however, make 
one wonder whether t he  a n a l y t i c a l  benef i t -cos t  model is constructed 
i n  such a way as t o  accurately assess the  e f f e c t s  of timing of the  
LMF'BR in t roduct ion  date .  ... 
'I... t he  bas i c  model may not dea l  e f f ec t ive ly  with va r i a t ion  i n  
timing assumptions. 
improved treatment of t he  timing quest ion wi th  respect  to  in t ro-  
duction of the  LHFBR under the  f u l l  range of condi t ions 
represented by the  16 s e n s i t i v i t y  analysis cases, for delays i n  
timing of 5 ,  10, and 15 years." 

The f i n a l  impact statement should provide an 

ERDA Response: 

On Page 1 2 ,  t he  worth of t he  model used i n  the  cost-benefi t  study is  
questioned. 
of t he  Draf t  Statement. Subsequently, the s t r u c t u r e  and operat ion of 
t he  model were explained i n  d e t a i l  t o  the  EPA representa t ive ,  who 
agreed t h a t  it w a s  adequate €or the  study. I n  the  present  case,  t he  
reviewer apparently f a i l s  t o  account f o r  the  f a c t  t h a t  the  added cos t s  
incurred due t o  delay i n  LMFBR in t roduct ion  accrue,  no t  only f o r  t he  
interval of delay,  but  f o r  as long a s  uranium consuming nuclear  p l an t s  

The same quest ion was ra i sed  by EPA following publ ica t ion  
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continue t o  operate .  
pr iced uranium, these increases  i n  cos t  can b e  subs t an t i a l .  

As requested by EPA i n  its comments on t h e  Draf t  Statement, a comprehensive 
d iscuss ion  of t he  e f f e c t s  of varying t h e  in t roduct ion  d a t e  of t h e  LNFBR w a s  
included i n  the  PFES. 

For cases involving high energy demands o r  high 

EPA Comment (pages 13-15): 

"A S impl i s t ic  Approach toward Assessing t h e  Effec t  of Reduced Demand 
on t h e  Optimal Timing of LMFBR Introduct ion 

"If  one ignores  the  complex l inear programming benefit-cos t model, 
i t  is possible  t o  cons t ruc t  a simple model t h a t  provides a t  l e a s t  
an i n t u i t i v e  not ion of t h e  p o t e n t i a l  effects of reduced demand on 
optimal timing of LMFBR introduct ion.  
LMFBR der ive  from its uranium conservation. . . . The main b e n e f i t s  of t h e  

"If one assumes t h a t  t he  amount of expenditures f o r  uranium 
increases propor t iona l ly  t o  the  increases  i n  electrical  u t i l i t y  
energy demand, then cumulative demand f o r  energy can b e  used as 
a gross  sur roga te  measure f o r  t he  cumulative expenditure f o r  
uranium. Given these  assumptions, i t  is poss ib le  t o  f ind  the  
years  a t  which the  present  va lue  of t h e  cumulative demand f o r  
e l e c t r i c a l  energy under t h e  Pro jec t  Independence growth rates 
is equal  t o  the  present  value of t he  cumulative demand f o r  t h a t  
energy i n  the  base case over t h e  per iod from 1970 t o  2000. , .. 
"Thus w e  see t h a t  wi th  the  rates of growth pro jec ted  by Pro jec t  
Independence, in t roduct ion  of t h e  breeder  might b e  delayed a s  
much as 4 t o  12  years  without  increas ing  t h e  present  value of 
expenditures f o r  uranium above those pro jec ted  f o r  t h e  base  
case by the  PFES. 

"Given the  extremely s i m p l i s t i c  and unrefined na ture  of 
t h i s  exerc ise ,  t he  conclusions m u s t  na tu ra l ly  be  suspect .  
Nevertheless,  they do r e in fo rce  i n t u i t i o n  and do i n d i c a t e  
t h a t  e a r l y  in t roduct ion  of t he  LMFBR may no t  be so 
c r i t i ca l  as supposed." 

ERDA Response: 

The assumption t h a t  expenditures f o r  uranium are monotonically 
proport ional  t o  energy generat ion is no t  co r rec t .  
would hold only i f  very l a rge  amounts of uranium were ava i lab le  a t  

This r e l a t ionsh ip  
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constant  pr ice .  Actually,  uranium cos t s  are projected t o  increase  r a the r  
s t eep ly  as more resources are consumed. 

The ana lys i s  presented by EPA purports  t o  be a ca lcu la t ion  of optimum 
timing f o r  in t roduct ion  of t he  LMFBR. 
s impl i f ied  formula which estimates, a l l  o ther  things being equal ,  the  
t i m e  span required f o r  power generation cos t s  t o  equal those ca lcu la ted  
i n  t h e  PFES base case, when the  rate of increase  i n  power demand is 
varied.  This is an apples-and-oranges comparison which bears  no 
relation t o  t h e  question of optimum timing of LMFBR introduct ion.  

As w a s  shown i n  the  PFES, pena l t i e s  f o r  delay i n  introduct ion of t he  
LMFBR are unique and predic tab le  f o r  each set of circumstances. These 
pena l t i e s  have been ca lcu la ted  f o r  a wide range of condi t ions,  and may 
be  estimated f o r  o the r  condi t ions from da ta  given i n  the  PFES. 

In  our view, it  is merely a 

EPA only considers  changing o r  emphasizing assumptions t h a t  might reduce 
bene f i t s  of t he  LMFBR. Consideration is given t o  lower energy demand 
pro jec t ions  o r  emphasizing the  assumption tha t  only HTGRs w i l l  
eventual ly  be b u i l t  i n  t he  no-breeder cases. 
t o  h igher  separa t ive  work p r i ces  o r  higher  uranium p r i ces .  The p r i ce  
f o r  separa t ive  work became $53.35 per  SWU on August 20, 1975 f o r  f ixed 
commitment cont rac ts  whereas $36 per  SWU was the  base assumption used 
i n  the  PFES. 
of U308 f o r  de l ivery  i n  the  e a r l y  1980s. 

EPA is correc t  i n  noting. t ha t  wre than % O X  of the  breeder 's  bene f i t s  are 
due t o  savings i n  uranium and separa t ive  work requirements. Hence, i t  i s  
important not  only t o  consider updating energy pro jec t ions  but  a l s o  
uranium and separa t ive  work p r i ce  project ions.  
ca l cu la t ions  which u t i l i z e  updated assumptions f o r  energy demand and a lso  
uranium and separa t ive  work p r i c e  pro jec t ions  are reported i n  Section 111 F 
of t he  FES. These ca l cu la t ions  ind ica ted  subs t an t i a l ly  increased bene f i t s  
f o r  t he  breeder  and an increased need f o r  early in t roduct ion  of t he  
breeder.  

No considerat ion is given 

Recent cont rac ts  f o r  U308 provide f o r  a p r i ce  of $40 per l b  

Updated cost-benefi t  

EPA Coment (page 15): 

"Estimated Costs of 9-11 Years Delay Owing t o  Laver Demand 

"According t o  the  da t a  i n  Table I V  D . l ,  t he  present  value of t he  
gross b e n e f i t s  of the  LMFBR program ... averages out t o  a 3.8% 
reduction i n  gross  bene f i t s  per  year  of delay.  
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"Similarly,  Table 1V.D-1 ind ica tes  ... a 1.3 per  cent reduction 
f o r  every 1 per  cent drop i n  the  level  of projected demand f o r  
t h e  year 2020. 

"If one ca l cu la t e s  t h e  year  2020 demands €or the  $7 and $11 per  
b a r r e l  Pro jec t  Independence estimates, they end up being 27.6 
and 33.1 per  cent lower than t h e  PFES base case project ion.  ... 
"The $7 per  b a r r e l  p ro jec t ion  has the  same e f f e c t  on gross  
bene f i t s  as a 9 year  delay i n  the  in t roduct ion  date;  and the  
$11 pro jec t ion  has  t h e  same e f f e c t  as an ll.5 year  delay.  One 
can conclude, therefore ,  t ha t  the  r i s k  of a 9-12 year delay i n  
order  t o  insure  environmental concerns would be no grea te r  i n  
terms of po ten t i a l  cos ts  than the  r i s k  tha t  p resent ly  e x i s t s  
t h a t  projected bene f i t s  w i l l  be s i g n i f i c a n t l y  smaller than fo r  
t he  base case owing t o  lowered fu ture  demand as predicted by 
Pro j ect Independence. 

ERDA Response: 

The estimates made by EPA as t o  t h e  relative decreases i n  benef i t s  f o r  
lowered energy demands and f o r  delayed LMFBR in t roduct ion  are bas i ca l ly  
cor rec t .  The decrease i n  b e n e f i t s  from a decrease i n  energy demand t o  
a 2020 demand about 30% below the  base demand would indeed be approxi- 
mately t h e  same as tha t  r e su l t i ng  from a delay of about 10 years  i n  LMFBR 
in t roduct ion ,  under base demand condi t ions.  

There is, of course,  a high l ikel ihood t h a t  ac tua l  electric power demand 
up t o  the  year  2020 w i l l  d i f f e r  from t h a t  assumed as t he  base demand i n  
the  study. Depending on fu tu re  events ,  i t  may be e i t h e r  higher  o r  lower 
than the  base demand -- but  would not necessar i ly  be  t h a t  predicted by 
Pro jec t  Independence: i n  t h a t  study primary a t t en t ion  w a s  focused on t he  
1975-1985 i n t e r v a l ,  as was previously s t a t ed .  I f  ac tua l  demand is lower 
than t h e  base demand, bene f i t s  from 1987 LMFBR int roduct ion w i l l  be 
lower than those ca lcu la ted  i n  the  base  case. However, delay of LMFBR ~. 

in t roduct ion  beyond 1987, a t  any one l e v e l  o f  power demand, w i l l  produce 
a real. ca lcu lab le  decrease i n  bene f i t s  r e l a t i v e  t o  those from 1987 
introduct ion.  These added cos ts  of defer red  LMFBR int roduct ion can be 
predicted and, by prudent planning of t h e  development program, can be 
avoided. It is  not  a t  a l l  clear t h a t  "environmental concerns" would 
d i c t a t e  a 9-12 year  delay as infer red  by EPA. 
t o  d e f e r r a l  gives a d e f i n i t e  incent ive  f o r  resolving any such "concerns" 
t o  allow timely in t roduct ion  of the  LMFBR, and any prudently planned 
development program w i l l  take t h i s  i n t o  account. 

The loss of bene f i t s  due 
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EPA Comment (page 16): 

"A graduate s tudent  a t  Harvard University has prepared a d r a f t  
paper descr ibing h i s  ongoing inves t iga t ion  of t he  LMFBR timing 
issue.3 ... 
"The AEC assumption about increased RbD cos t s  der ives  from the  
not ion t h a t  the longer a p ro jec t  t akes ,  the  longer the  program 
has t o  keep teams and f a c i l i t i e s  geared up, and the  more i t  
is going t o  cos t .  Richels counters t h a t  assumption by o the r  
experience which shows t h a t  i t  is f requent ly  poss ib le  t o  hold 
down overhead and o the r  f ixed c o s t s  by designing the  R&D program 
t o  run more i n  terms of sequent ia l  than concurrent phasing. He 
even suggests t h a t ,  wi th  e f f e c t i v e  planning, an extension i n  
p ro jec t  completion t i m e  can lead t o  a reduction i n  undiscounted 
R&D cos t s  and t h a t  i f  t h i s  were the  case f o r  t he  LMFBR, t he  optimal 
commercialization da te  might come even later than the  year 2000 i n  
h i s  example case. 

"The f a c t  of t he  matter is t h a t  a delay i n  the  introduct ion da te  
of t he  LKFBR is by no means c e r t a i n  t o  r e s u l t  i n  a reduct ion of 
t he  ne t  bene f i t s  of t he  program. 
condi t ions and the  e f f e c t  of ' s t re tchout '  o r  delay i n  the  R&D 
program cos ts ,  the  postponement of in t roduct ion  could have 
pos i t i ve  as w e l l  as negative impacts on the ove ra l l  bene f i t  of 
t he  program." 

Depending upon fu tu re  demand 

ERDA Response: 

EPA f a i l s  t o  take i n t o  account severa l  bas ic  d i f fe rences  i n  the  assumptions 
made i n  Richels '  study and those used i n  the  PFES cost-benefi t  study. 
Richels '  "high" uranium cost curve is roughly comparable to the  base 
curve i n  t he  PES, and h i s  "high" demand pro jec t ion  is equivalent  t o  the  
PFES l'low'' (-20%) pro jec t ion .  Furthermore, i n  t he  case referenced by EPA, 
Richels assigns t he  LMFBR, upon in t roduct ion ,  a c a p i t a l  cos t  disadvantage 
of $250/KWe as compared t o  the  LWR; i ts  cos t  " a f t e r  learning" is  $l?O/KWe 
higher  than the  LWR. Further ,  i n  many of Richels '  cases, the  LMFBR m u s t  
compete i n  later years  with an undefined "advanced technology" p l an t  which 
has no f u e l  cos t s ,  has c a p i t a l  cos t s  equal  t o  those of t he  LWR, and i s  
assessed no introductory "learning" penalty.  Thus, i n  h i s  scenario,  
introductory pena l t i e s  f o r  learn ing  are appl ied uniquely t o  the  LMFBR, 
and not  t o  any o ther  new technology. 

Richels '  treatment of the  LMFBR introductory penal ty  is i t s e l f  questionable.  
H e  assumes t h a t  undiscounted R&D cos t s  f o r  the  LMFBR are constant ,  no 
matter what the introduct ion date .  It would seem reasonable,  then, t o  
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assume t h a t  t he  same degree of "learning" should be  required no matter when 
the  LMFBR became ava i lab le .  Y e t ,  Richels decreases  the  introductory 
penal ty ,  l i n e a r l y  with t i m e ,  f o r  later da te s  of LMFBR a v a i l a b i l i t y ,  
u n t i l  by the  year  2006 t he re  is no "learning" penal ty .  
h i s  model shows greater bene f i t s  f o r  later da tes  of LMFBR ava i l ab i l i t y !  

In addi t ion ,  there  appears t o  be an e r r o r  i n  Richels '  discounting 
procedures. H i s  assumption of constant undiscounted R&D costs, 
regard less  of a v a i l a b i l i t y  da t e ,  would result i n  t h e  schedules of 
discounted cos ts  f o r  d i f f e r e n t  a v a i l a b i l i t y  da tes  which h e  shows i n  
h i s  paper only i f  t he  RCD cos t s  were considered t o  be paid i n  one lump 
sum at the d a t e  of a v a i l a b i l i t y .  Actual ly ,  of course, R&D costs occur 
and are paid on a year-by-year bas i s .  The discounted sum of a series 
of equal  year-by-year payments--a rmch more reasonable assumption-- 
would d i f f e r  considerably less with varying a v a i l a b i l i t y  da tes  of t h e  
LMFBR than is indica ted  by Richels. 

The a s se r t ion  of Richels t ha t  "sequent ia l  r a t h e r  than concurrent phasing" 
can minimize RCD cos t s  is c e r t a i n l y  t r u e ,  but  must be taken i n  the  
context of ove ra l l  program requirements. 

The LMFBR development program is very heavi ly  involved with the  develop- 
ment and t e s t i n g  of l a rge  pieces  of equipment, and t h e  construct ion 
of l a rge  f a c i l i t i e s  f o r  t e s t i n g  and f o r  demonstration. 
as these,  t he  optimum schedule is t h a t  i n  which t h e  components of each 
major pro jec t  are scheduled sequentially-for example, de t a i l ed  design of 
Pro jec t  2 is s t a r t e d  as t h e  design f o r  Pro jec t  1 begins t o  t a i l  off from 
peak e f f o r t .  
constant l e v e l  of e f f o r t  f o r  t h e  design team, t h e  equipment f ab r i ca to r s ,  
and t h e  construct ion industry.  
would increase  cos t s  from added burdens on one o r  more of these s e c t o r s ,  
S t re tch ing  out of t he  program would also incur  higher  cos t s  because of 
t he  f luc tua t ion  i n  e f f o r t .  These added cos t s  would r e s u l t  from 
(1) reduct ions of force,  followed by h i r i n g  and t r a i n i n g  of new personnel: 
( 2 )  r equa l i f i ca t ion  of nuclear  equipment f ab r i ca to r s  following a l u l l  i n  
e f f o r t ;  and (3) maintaining e s s e n t i a l  f ab r i ca t ion  and construct ion 
f a c i l i t i e s  i n  standby o r  a t  less than design capaci ty .  

Some phases of R&D e f f o r t ,  of course,  i f  they w e r e  independent of o ther  
e f f o r t s ,  could be conveniently s t r e t ched  out without appreciable  penalty:  
however, these  phases must i n  r e a l i t y  be scheduled so t h a t  r e s u l t s  a re  
ava i lab le  when needed f o r  t he  cont ro l l ing ,  "sequenced" p ro jec t s .  

One major ob jec t ive  of management of a complex RCD program such as the 
LMFBR program is t o  maintain the  schedule as near  t he  optimum as 

L i t t l e  wonder 

In activit ies such 

Scheduling such as t h i s  is aimed at maintaining a roughly 

Acceleration of a program from the  optimum 
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possible .  Delays i n  scheduling--even de l ibe ra t e  stretchouts-can 
e a s i l y  increase  cos ts  . 

EPA Coment (Page 21): 

"Even though the  addi t iona l  quan t i t a t ive  information s i g n i f i c a n t l y  
improves the  descr ip t ion  of t h e  design c r i t e r i a ,  t h e  AEC design 
philosophy, and t h e  general  intended approaches t o  ensuring s a f e t y ,  
t he re  is sti l l  a lack of d e f i n i t i v e  information tha t  would provide 
the  reader  with the  status of t h e  p r inc ipa l  unresolved s a f e t y  
problems, t h e i r  current  degree of reso lu t ion ,  and t h e  on-going o r  
required research and development needed t o  achieve t h e  sa fe ty  
objec t ives ."  

ERDA Response: 

Information along t h e  l i n e s  requested is provided i n  Section 111 B of the  
Final Environmental Statement. It should be emphasized, however, t h a t  
t h e  s a f e t y  approach as described i n  Section 4 . 2 . 7  of t h e  PFeS provides 
s u f f i c i e n t  f l e x i b i l i t y  considering both the  s a f e t y  RbD program and the  
design approach of u t i l i z i n g  m l t i p l e  l eve l s  of defense such t h a t  s a fe ty  
problems which cu r ren t ly  e x i s t  o r  are ant ic ipa ted  can be accommodated by 
design opt ions f o r  fu tu re  LMFBR p l an t s  i f  not  f u l l y  resolved by t h e  RbD 
program f o r  e a r l y  plants .  There are no major problems o r  unce r t a in t i e s  
no t  amenable t o  order ly  and planned reso lu t ion  by the  s a f e t y  R6D program. 

Increasing s i ze  from the  demonstration p l an t  t o  fu l l - s ized  commercial 
p l an t s  w i l l  r equi re  considerable engineering development f o r  t h e  scale-up 
of components and i n  o ther  areas. 
f e a s i b l e  f o r  LMFBRs t o  be designed, l i censed ,  and operated with adequate 
s a f e t y  margins. 

We bel ieve  t h a t  i t  is cu r ren t ly  

EPA Comment (Page 22): 

"Risk accep tab i l i t y  is indeed a complex subjec t  which demands 
technica l ,  s o c i a l  and l e g a l  inputs .  To our  knowledge such con- 
c lus ions  have not  ye t  been reached f o r  t he  LWR, much less the  
LMFBR. We commend the  AEC's e f f o r t s  t o  eva lua te  (quant i fy)  t he  
r i s k s  of t he  LMFBR. I f  poss ib le ,  t he  FES should provide more 
amplif icat ion on t h i s  program e f f o r t  including t h e  present ly  
l imi t ing  f ac to r s  (information, t echn ica l  d e t a i l ,  developmental 
work, etc.) and the  an t ic ipa ted  t i m e  frame f o r  t h e  completion 
of t he  analyses." 
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ERDA Response: 

ERDA is funding some exploratory and inves t iga tory  work i n  the  development 
of r i s k  methodology f o r  LMFBRs. 
methods, properly u t i l i z e d ,  w i l l  a id  i n  establishment of p r i o r i t i e s  f o r  
s a f e t y  R&D e f f o r t s .  
t o  o v e r a l l  p lan t  r i s k  of var ious s y s t e m ,  subsystems, and components as 
w e l l  as t h e  e f f e c t  of design va r i a t ions  of those components. It is  
bel ieved t h a t  t h i s  kind of e f f o r t  can be usefu l  i n  t h e  ea r ly  s tages  of 
t h e  development of t h e  LMFBR program. 
d a t a  base,  t he  methods can be quant i f ied  and t h e  uncer ta in ty  bands 
reduced. 
concerning sa fe ty  opt ions i n  the  LHFBR program. 
pr imar i ly  with the  l ack  of a s p e c i f i c  methodology t a i l o r e d  t o  LMFERs and 
a d e t a i l e d  understanding of in-core phenomena and the  lack of a l a rge  
da t a  base. Early analyses  should be completed i n  the  next  few years;  
a t e n t a t i v e  goal of t h e  development o f  an acceptable risk assessment 
methodology by mid-1985 has  been es tab l i shed .  

I f  successfu l ,  i t  is bel ieved tha t  such 

It w i l l  a l s o  help i d e n t i f y  the  r e l a t i v e  contr ibut ions 

With t h e  buildup of a s u f f i c i e n t  

This w i l l  assist even more the  decision-making process 
Present l imi t a t ions  rest 

EPA Comment (Page 22):  

"Uncertainties i n  var ious important s a fe ty  r e l a t ed  design 
parameters should be quant i f ied  where poss ib le  i n  such a 
manner t o  be more comprehensible. 
may do t h i s . )  For example, t he re  could be subs t an t i a l  
unce r t a in t i e s  i n  the  poss ib le  s t r u c t u r a l  i n t e g r i t y  of t he  
primary coolant system r e l a t e d  t o  a hypothet ical  core 
d i s rup t ive  accident  (HCDA) . 'I 

(The r i s k  assessment 

ERDA Response: 

It is  not  c l e a r  what unce r t a in t i e s  are being r e fe r r ed  t o  o r  how they might 
be quant i f ied .  With regard t o  t h e  p a r t i c u l a r  one c i t e d ,  we expect t h a t  R&D 
e f f o r t s  w i l l ,  i n  the  not-very-dis tant  fu ture ,  provide a bas i s  f o r  t he  
conclusion t h a t  core d i s rup t ive  accidents  r e su l t i ng  i n  the  generation of 
s i g n i f i c a n t  amounts of mechanical energy are phys ica l ly  unreal izable .  
Nevertheless,  t h e  sa fe ty  and l i c e n s a b i l i t y  of LMFBRs do not have t o  await 
t h i s  R&D r e s u l t  s ince  i t  is poss ib le  t o  contain s i g n i f i c a n t  amounts of 
mechanical energy from a d i s rup t ive  accident  (e.g., the  FFTF design) .  Once 
the  an t ic ipa ted  R&D confirmation is obtained, design fea tures  of subsequent 
p l an t s  may change s ign i f i can t ly .  
- 

EPA Comment (Page 2 3 ) :  

"As ind ica ted  i n  the  P E S ,  the  i n i t i a l  approach t o  ensuring a minimum 
level o f  LEiFBR sa fe ty  w i l l  be through the  use of (1) t r a d i t i o n a l  
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regulatory sa fe ty  approaches : (2) ex i s t ing  regulatory (NRC) 
s a f e t y  requirements and design guides: and (3) ex i s t ing  "interim" 
CRBR NRC design requirements. While t h i s  approach s u f f i c e s  f o r  
t he  short-term, i f  a breeder based energy economy is t o  be 
developed, w e  be l ieve  LKFBR s p e c i f i c  design,  s a fe ty  and 
s i t i n g  cr i ter ia  must be developed i n  a t imely fashion." 

ERDA Reponses: 

We agree,  and both NRC and ERDA a r e  ac t ive ly  pursuing t h i s  mtter. 

EPA Comment (Pages 23 and 24): 

"The AEC response t o  the  HCDA (pages VII.53-156-157) ind ica t e s  
t h a t  there  w i l l  be no d i r ec t  environmental consequences from 
such inc iden t s ,  which is supported by encouraging r e s u l t s  from 
recent  research and development. However, we f ind  t h a t  t h e  
energy conversion e f f ic iency  is not  w e l l  defined. ... 
"Because of t he  great  importance of the  ACDA and because some 
expe r t s  seem t o  have reserva t ions  on the  a b i l i t y  t o  accura te ly  
pred ic t  t he  behavior of t he  pressure vessel -der condi t ions 
of such a core acc ident ,  ERDA should continue t o  make every 
e f f o r t  t o  inform the  publ ic  and o ther  Federal  agencies of t he  
s ta te  of t he  current  research and development program deal ing 
with H C D A s . .  . I '  

ERDA Response: 

A s  ind ica ted  previously,  we expect t h a t  RCD e f f o r t s  t o  fu r the r  def ine 
energy conversion e f f i c i e n c i e s  will show t h a t  an HCDA of high mechanical 
energy is not  physical ly  possible .  
s a fe ty  RLD program is  provided i n  Section 111 B of t h e  F ina l  Environ- 
mental Statement. ERDA recognizes t h e  need t o  keep a l l  i n t e re s t ed  
p a r t i e s  informed of t he  current  s t a t u s  of t h i s  program and is attempting 
t o  do so within the cons t r a in t s  of repor t ing  and publishing l ag  times. 

More s p e c i f i c  information on the  LEiFBR 

EPA Comment (Page 2 4 ) :  

"Because of t he  importance of t h i s  subjec t  t o  s a fe ty  w e  be l ieve  
t h a t  the  treatment of i r r a d i a t i o n  creep and i r r a d i a t i o n  swel l ing 
could be e,xpanded, s ince  w e  were unable t o  loca t e  the  ' s p e c i f i c  
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evalua t ion '  a s  ind ica ted  i n  the  response. The information i n  
t h e  PFES does not  include any quan t i f i ab le  information which 
would ind ica t e  the  s t a t u s  of t he  problem of f u e l  cladding creep 
and swel l ing on core performance and sa fe ty  a s  r e l a t ed  t o  
p o t e n t i a l  environmental impacts. Likewfse, t he  information i n  
the  PFES does not  adequately d iscuss  the  sa fe ty  and economic 
implicat ions of prospect ive so lu t ions ,  such as core clamping, 
f requent  replacement of cont ro l  rods, etc. 'I 

ERDA Response: 

Spec i f i c  evaluat ions were n o t ,  i n  f a c t ,  presented. 
economic implicat ions,  t he  analyses i n  t h e  cost-benefit  sec t ion  of t he  
PFES (as noted i n  Volume I V ,  page 11.2-13) assumed t h a t  t h e  s t a i n l e s s  
steel swel l ing  phenomenon w i l l  no t  be a f ac to r  i n  t he  "advanced oxide" 
core  design, which is assumed t o  be ava i l ab le  i n  1991. 

Irradiation-enhanced creep rad  void swel l ing are important physical  
phenomena which must be  treated quan t i t a t ive ly  i n  the  design of f a s t  
r eac to r  cores.  The design of t he  FFIF and CRBR core systems have 
included e x p l i c i t  considerat ion of t hese  phenomena. 
ana lys i s  has  been conducted i n  a manner which is s imi l a r  t o  and 
cons i s t en t  with t h a t  used f o r  t h e  more conventional engineering 
p rope r t i e s  of core  materials i n  designing f o r  t h e  e f f e c t s  of t h e  
thermal, mechanical, chemical and neut ronic  environment of the  reactor .  
Current design r e l a t ionsh ips  f o r  creep and swel l ing are published i n  
t h e  Nuclear Systems Materials Handbook. 

With regard t o  

This design 

The design r e l a t ionsh ips  which consider i r r a d i a t i o n  e f f e c t s  are 
necessa r i ly  based, i n  p a r t ,  on pro jec t ion  beyond current  experience i n  
as much as w e  have not  ye t  reached the  design goal exposures of FFTF 
or CRBR i n  our  i r r a d i a t i o n  t e s t i n g  programs. However, developmental 
programs are i n  p lace  which w i l l  e s t a b l i s h  the  e f f e c t s  of neutron 
i r r a d i a t i o n  on t he  p rope r t i e s  and behavior ( including creep and 
swel l ing)  of the  reference core materials a t  FFTF goal exposures i n  
the  EBR-11 p r i o r  t o  reaching those l e v e l s  i n  FFTF, and t o  CRBR goals 
i n  FFTF p r i o r  t o  reaching those l e v e l s  i n  CRBR. 
su rve i l l ance  monitoring of EBR-I1 r eac to r  components which are subjec t  
t o  these phenomena, and the re  w i l l  be  a comprehensive component 
su rve i l l ance  program i n  FFTF t o  monitor t h e  predicted performance of 
core  components. 

I n  regard t o  sa fe ty ,  we know of no e x p l i c i t  s a fe ty  i s sues  which are a 
consequence of t he  phenomena of i r r a d i a t i o n  creep and void swel l ing.  
This statement is based upon the  f ac t  t h a t  t he  phenomena are e x p l i c i t l y  

Also, there  is continuing 
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t r e a t e d  i n  the  design of t he  reac tors .  
designed i n  ignorance of these o r  any o ther  c r i t i c a l  phenomena, 
scenarios  could be developed which might lead t o  sa fe ty  i ssues :  
however, such i s  not  t h e  case. 

Of course,  i f  a system were 

I n  regard t o  the  more general  issue of LlIFBR care performance, t he  
phenomena of creep and swel l ing a r e  important: and, f o r  c e r t a i n  core 
components and ce r t a in  design condi t ions,  these  phenomena are indica ted  
i n  design ana lys i s  t o  be performance l imi t ing  f ac to r s .  However, f o r  
t h e  same components (e.g. ,  fue l  p ins)  under o the r  condi t ions,  o the r  
more conventional material proper t ies  (e.g., stress rupture  s t rength)  
are indica ted  as t h e  performance l imi t ing  f ac to r s .  We have major 
mater ia l s  program a c t i v i t i e s  underway i n  the  development of advanced 
a l l o y s  and t o  a lesser exten t  i n  the  opt imizat ion of our cur ren t  
reference a l loy  with t h e  objec t ive  of r a i s ing  o r  e l imina t ing  t h e  
var ious material performance l i m i t s  as w e  now understand them. 
example, w e  have s i g n i f i c a n t  da ta  which ind ica t e  tha t  t he  void swel l ing 
"problem" has  a meta l lurg ica l  so lu t ion .  
t he  economic or technica l  Impact on overall L W B R  performance of design 
opt ions r e l a t i v e  t o  creep, swel l ing o r  o ther  mterial  proper t ies  requi res  
extensive design ana lys i s  of s p e c i f i c  systems. W e  a n t i c i p a t e  tha t  t hese  
kinds of t radeoff  s tud ie s  w i l l  be  car r ied  out  i n  t h e  planning of t he  
pending "comerc ia l"  LMFBR development. 

For 

Quant i ta t ive  considerat ion of 

EPA C m e n t  (page 25):  

"On Apri l  10, 1975, t he  Energy Research and Development 
Admlnis t r a t i o n  (ERDA) announced tha t  they were withdrawing 
t h e i r  plans t o  develop a Retr ievable  Surface Storage 
F a c i l i t y  f o r  high-level radioact ive wastes. ERDA now 
plans  t o  emphasize the direct  development of ul t imate  
waste d isposa l  f a c i l i t i e s .  W e  concur with the  emphasis 
on the  development of permanent d i sposa l  techniques,  as w e  
ind ica ted  i n  our comments on commercial high-level waste 
management (WASH-1539). I' 

ERDA Response: 

We apprec ia te  EPA's concurrence as t o  the  importance of developing 
permanent rad ioac t ive  waste d isposa l  techniques. As s t a t e d  i n  the  ERDA 
F i sca l  Year 1976 budget proposal t o  Congress, w e  want t o  increase  the  
l eve l  of e f f o r t  on the  geological d i sposa l  of both high-level w a s t e  
and transuranium-contaminated waste. We bel ieve  tha t  cont inuat ion of 
present  s tud ie s  i n  southeastern New Mexico w i l l  lead t o  proposal of a 
p i l o t  geological d i sposa l  pro jec t  f o r  transuranium-contaminated waste 
i n  the  FY 1978 budget. 
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However, EPA's s ta tement  t h a t  on Apri l  10, 1975, ERDA "announced t h a t  they 
were withdrawing t h e i r  plans t o  develop a Retr ievable  Surface Storage 
F a c i l i t y  f o r  high-level rad ioac t ive  wastes" is not  e n t i r e l y  accurate .  On 
t h a t  d a t e ,  ERDA d i d  announce t h e  withdrawal of d r a f t  environmental state- 
ment WASH-1539, issued i n  September 1974 on t h e  waste reposi tory development 
program, so t h a t  i t  could be  replaced with a s ta tement  which would be 
expanded i n  scope t o  cover a number of regulatory i s s u e s  r a i s e d  by 
cornentors.  Because of t h e  n a t u r e  of these  i s s u e s ,  t h e  Nuclear Regulatory 
C d s s i o n  (NRC) w a s  asked to  j o i n  in preparat ion of t h e  new statement.  A t  
t h e  same time, a cons t ruc t ion  l i n e  i t e m  f o r  t h e  RSSF was withdrawn from t h e  
FY 76 ERDA budget proposal ,  s i n c e  it would now be impossible to  prepare 
both t h e  f i n a l  generic  repos i tory  s ta tement  and t h e  follow-up s i t e - s p e c i f i c  
RSSF environmental s ta tement  w i t h i n  t h a t  f i s c a l  year.  

The proposed ERDA budget still include8 opera t ing  funds i d e n t i f i e d  f o r  
RSSF work such as conceptual design of a site-independent n a t u r e ,  s a f e t y  
s t u d i e s ,  and evalua t ion  of a l t e r n a t i v e  sites. Therefore,  it is not  
correct to state or imply t h a t  t h e  concept of an RSSF has  been 
completely withdrawn o r  discontinued. 
progress  is made i n  t h e  geological  d i sposa l  program during the  per iod 
of delay  imposed by expanding the  scope of t h e  gener ic  w a s t e  management 
environmental s ta tement ,  and p o s s i b l e  o t h e r  delays i n  commercial spent  
f u e l  processing,  t h e  need f o r  an RSSF' might be el iminated.  

It is q u i t e  t r u e  t h a t  i f  good 

EPA Comments (pages 25 and 26): 

"In t h e  PFES and t h e  AEC's response t o  our  comments, the  AEC 
s t a t e d  t h a t  '...to d a t e ,  t h e r e  have been no r e p o r t s  of migration 
of rad ioac t ive  material from commercial b u r i a l  sites. This is 
i n  e r r o r ,  s i n c e  r a d i o a c t i v i t y  has  been reported t o  have ndgrated 
o f f - s i t e  from b u r i a l  f a c i l i t i e s  i n  Kentucky and New York S t a t e .  
The reported r e s u l t s  of an extensive,  six-month i n v e s t i g a t i o n  by 
t h e  Kentucky Department f o r  Human Resources (KDHR)5 . c l e a r l y  
i n d i c a t e  t h a t  t h e  rad ioac t ive  waste d i s p o s a l  s i te  at Maxey F l a t s  
is cont r ibu t ing  r a d i o a c t i v i t y  t o  t h e  environment. l1 

ERDA Response: 

W e  agree  with these  EPA.comments. The s t a f f  responsible  f o r  preparing 
t h e  LMFBR Program PFES had no knowledge of the.migrat ion of r a d i o a c t i v i t y  
from these  b u r i a l  grounds p r i o r  t o  publ ica t ion  of t h e  PFES (December 1974). 

'Project Report, Six Month Study of Radiation Concentrations and 
Transport  Mechanisms at t h e  Maxey F l a t s  Area i n  Fleming County, 
Kentucky, KDHR Bureau f o r  Health Services ,  December, 1974. 
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The fo l lowing  information was r ece ived  from t h e  U.S. Nuclear Regulatory 
Commission r ega rd ing  t h e s e  EPA comments. 

"Conclusions 1 and 2 of t h e  r e p o r t  prepared by t h e  Kentucky Department 
for Human Resources state: 

'(1) The r a d i o a c t i v e  waste d i s p o s a l  s i t e  at Maxey F l a t s ,  Kentucky, 
is c o n t r i b u t i n g  r a d i o a c t i v i t y  t o  t h e  environment. 
d e t e c t e d  i n  t h e  environment does not  create a p u b l i c  h e a l t h  
hazard.  However, t h e  l e v e l  o f  a c t i v i t y  d e t e c t e d  demonstrates  
t h e  need t o  i n t e n s i f y  c u r r e n t  monitor ing a c t i v i t i e s  to provide 
a d d i t i o n a l  information to determine t o  what p o s s i b l e  e x t e n t  
mig ra t ion  o f  r a d i o a c t i v e  material is o c c u r r i n g  at t h e  s i t e  and 
f o r  a s s e s s i n g  t h e  long  range s i g n i f i c a n c e  of t h e  f ind ings .  

The movement of r a d i o a c t i v i t y  from t h e  f a c i l i t y  could be through 
f o u r  major r o u t e s :  

(a) Sur face  water run-off. 

(b) 

The a c t i v i t y  

(2) 

Atmospheric f a l l o u t  from t h e  evapora to r  plume. 

(c) Migration through geo log ic  formation f i s s u r e  systems. 

(d) Lateral mig ra t ion  through t h e  s o i l  zone. '  

"The New York S t a t e  Atomic Energy Council h a s  r e p o r t e d  t o  us t h a t  l i q u i d s  
in c e r t a i n  t r enches  a t  t h e  West Val ley,  Mew York low l e v e l  waste b u r i a l  
s i t e  have seeped o u t  of t h e  t r e n c h  cover.  
l i m i t e d  t o  o n s i t e  areas n e a r  t h e  t r enches  al though some seepage d ra ined  t o  
t h e  s u r f a c e  water cour ses  at  t h e  site. The State h a s  determined t h a t  t h e  
r a d i o a c t i v i t y  l e v e l s  i n  t h e  seepage c o n s t i t u t e  no hazard t o  t h e  p u b l i c  
h e a l t h  and s a f e t y .  The site operator has  decided to c l o s e  t h e  site until  
t h e  d e t a i l s  f o r  f u r t h e r  studies t o  assess c m d i t i o n s  a t  t h e  si te and pro- 
cedures  f o r  ope ra t ion  of t h e  s i t e  are resolved.  

'We do no t  know of t h e  d e t a i l s  o f  t h e  r e s u l t s  of t h e  a d d i t i o n a l  s t u d i e s  
mentioned by t h e  EPA. W e  understand t h e  U.S. Geological  Survey is  conducting 
a 5 y e a r  s tudy  of 2 commercial low l e v e l  waste b u r i a l  areas t o  develop 
f u r t h e r  d e f i n i t i v e  g u i d e l i n e s  f o r  e v a l u a t i n g  sites and p r e d i c t i v e  models 
to assess t h e  p o s s i b i l i t y  f o r  t h e  t r a n s p o r t  of waste i n  va r ious  geo log ica l  
formations.  We a l s o  understand t h e  EPA i s  conduct ing environmental  s t u d i e s  
a t  t h e  Maxey F l a t s  s i t e .  Kentucky h a s  e s t a b l i s h e d  a committee of Fede ra l  
and S t a t e  r e p r e s e n t a t i v e s  t o  design f u r t h e r  environmental  s t u d i e s  f o r  t h e  
Haxey F l a t s  s i t e .  iJew York S t a t e  h a s  r e t a i n e d  c o n s u l t a n t s  and p l ans  to  
work c l o s e l y  w i t h  t h e  s i te  o p e r a t o r  i n  c a r r y i n g  out  f u r t h e r  s t u d i e s  a t  t h e  
West Val ley s i t e .  However, w e  are n o t  aware of any similar problems a t  
any o f  t h e  o t h e r  commercial low l e v e l  waste b u r i a l  areas." 

The seepage was p r i n c i p a l l y  
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Addit ional  information on the  migration of r ad ioac t iv i ty  from b u r i a l  
grounds is located i n  Sect ion 111 D ,  4.6s. 

EPA Comment (page 27): 

"We apprec ia te  t he  AEC's e f f o r t s  i n  c l a r i f y i n g  and reorganizing the  
c l a s s i f i c a t i o n  of rad ioac t ive  w a s t e s  wi th in  Sect ion 4.6 of t h e  PFES. 
However, t he  AEC apparently d i d  not  understand OUK b a s i c  concern 
about t h e i r  proposed system of c l a s s i f i c a t i o n .  The category 
other-than-high-level (OTHL) wastes and its sub-categories still 
do no t  give s u f f i c i e n t  information on the  a c t i v i t y ,  content ,  and 
hazard p o t e n t i a l  of t h e  waste. .. 
"A more d e t a i l e d ,  e x p l i c i t  c l a s s i f i c a t i o n  system is needed t o  enable 
reviewers t o  eva lua te  the  p o t e n t i a l  environmental impact from t h e  
OTHL w a s t e s .  
EPA as w e l l  as o the r s ,  such as b u r i a l  s i t e  operators  and the  s ta te  
agencies which r egu la t e  them. 
rad ioac t ive  w a s t e  ' c l a s s i f i c a t i o n '  system which meets t h e  needs 
of everyone w i l l  b e  d i f f i c u l t  and no t  necessar i ly  a pa r t  of an 
LMFBR development program. However, w e  be l i eve  t h a t  t is is  an 
important e f f o r t  s ince  as shown i n  a recent  EPA repor> on land 
b u r i a l  a c t i v i t i e s ,  t he  problem is expected t o  grow i n  the  future ."  

Such a system would a l s o  b e  of g rea t  a s s i s t ance  t o  

We realize t h a t  developing a 

ERDA Response: 

AB s t a t e d  on page 4.6-1 of the  LMFBR Program PFES, regarding other-than- 
high-level  wastes- 

"This category has  been f u r t h e r  subdivided f o r  purposes of waste management 
considerat ions i n t o  beta-gamma s o l i d  w a s t e s ,  a lpha s o l i d  wastes , and noble 
gas w a s t e s . "  

Following EPA's suggestions on t h e  LMFBR Program Draf t  Environmental 
Statement, information on the  a c t i v i t y  of these  w a s t e s  w a s  included 
i n  t h e  PFES as s h a m  i n  Table 4.6-6 of t h e  PFES. 

Zhe beta-gamma wastes were f u r t h e r  subdivided i n t o  "normal" b e t a - g a m  
w a s t e s ,  tritium, iodine  and sodium, as s h a m  on pages 4.6-44 and 4.6-45 
of t h e  PPES. 

We are unable t o  provide a more de t a i l ed  o r  e x p l i c i t  c l a s s i f i c a t i o n  
system than w e  have already provided i n  the  LMFBR Program PFES. We 
agree wi th  the  general  i n t e n t  of t h e  l a s t  two sentences i n  t h i s  EPA 
wmment, bu t  do not  be l i eve  t h a t  ca tegor iza t ion  is a des i r ab le  goal  
i f  i t  is intended as a replacement f o r  hazards ana lys i s  of s p e c i f i c  
w a s t e  management operations.  

n 
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EPA Conanent (page 27): 

"In Section 4.6.2.1, t he  PFES s t a t e s  t h a t ,  'Radioactive m t e r i a l s  
i n  the  coolant w i l l  cons is t  of f i s s ion  products and neutron- 
ac t iva ted  s t r u c t u r a l  materials t h a t  are released t o  t h e  coolant 
by corrosion processes.  This statement does not consider t he  
p o t e n t i a l  f o r  t ransuranic  radionucl ides  leaking i n t o  the  coolant 
from the  Pu-UO2 f u e l  elements, o r  t he  poss ib le  d isposa l  d i f f i -  
c u l t i e s  which m y  arise i f  t h e  OTHL waste, expected t o  be 
disposed of at land bu r i a l  sites, i s  found t o  contain t ransuranics  
i n  concentrat ions which p roh ib i t  its disposal  i n  t h a t  manner." 

ERDA Response: 

I f  LMFBR coolant  w a s t e  is found t o  contain s u f f i c i e n t  alpha a c t i v i t y  
from t ransuranic  radionucl ides  t o  p roh ib i t  d i sposa l  at land b u r i a l  
sites, i t  w i l l  be s e n t  t o  an alpha waste s torage  f a c i l i t y  (see 
Section 4.6.3.2.2 of t h e  PFES). 

EPA Comment (pages 27 and 2 8 ) :  

"In Sect ion 4.6.3, t h e  PFES states tha t  'The 'technology and 
f a c i l i t i e s  es tab l i shed  f o r  management and disposal  of radioact ive 
waste from the  LIJR nuclear  power indus t ry  w i l l  be d i r e c t l y  
appl icable  t o  the  management of rad ioac t ive  waste generated by 
t h e  LMFBR and its f u e l  cycle. '  It has  not  been adequately 
demonstrated by t he  PFES t h a t  t he  technology and f a c i l i t i e s  
es tab l i shed  f o r  t he  processing, management, s torage ,  and/or 
d i sposa l  of w a s t e  from t h e  LWR industry w i l l  be  d i r e c t l y  
appl icable  t o  managing LMFBR f u e l  cycle  waste. It appears t ha t  
t h e  following areas i n  waste management may be unique t o  the  
LMFBR fuel cycle and may require the  application or development 
of new technologies : 

a. 

b. 

C. 

d. 

t ransuranic  contamination i n  the  LPIFBR low-level waste 
streams ; 

organic  so lvents  i n  the  LMFBR l i qu id  waste cleanup system; 

rad ioac t ive  sodium wastes, containing l a rge  quan t i t i e s  
of radioact ive f i s s i o n  products,  t ransuranics ,  and 
ac t iva t ion  products from neutron ac t iva t ion  of core 
s t r u c t u r a l  components, due t o  the  high neutron fl'ux 
l e v e l s  i n  the  LMFBR; and 

increased quant i  ties of t ransuranic  contaminated low-level 
waste at  t h e  LMFBR f u e l  f ab r i ca t ion  and reprocessing sites .I1 
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ERDA Response: 

We .agree with t h i s  comment recarding i t e m s  a. and b. and t h a t  p a r t  of 
c .  deal ing with rad ioac t ive  sodium wastes. 
of e i t h e r  products from neutron a c t i v i a t i o n  of L V B R  core s t r u c t u r a l  
components o r  increased q u a n t i t i e s  of t ransuranic  contaminated low-level 
wastes w i l l  r equi re  t h e  development of new technologies.  
opinion t h a t  t he  technologies developed f o r  LWR wastes i n  these a reas  w i l l  
be adequate f o r  L?IFBR wastes. 

In any event,  t he  technology f o r  deal ing with t h e  LMFRR low-level wastes,  
including t h e  l i q u i d  and sodium wastes, w a s  discussed i n  Section 4 . 2 . 3 . 2 . 4  
of the  PFES. The d iscuss ion  i n  Sect ion 4 . 6 . 3  w a s  intended t o  cover only 
the  handling of rad ioac t ive  wastes a f t e r  they had been t r ea t ed ,  packaged 
and shipped from L?FBRs and associated f u e l  cyc le  f a c i l i t i e s .  

We f a i l  t o  see how handlinp. 

It i s . o u r  

EPA Comment (page 2 9 ) :  

"In view of the  recent  d iv i s ion  of t he  AEC i n t o  EFDA and NRC, w e  
s t rongly  recommend t h a t  ERDA's FES i nd ica t e  e x p l i c i t l y  which 
agencies are assigned s p e c i f i c  a reas  of r e spons ib i l i t y  and 
au tho r i ty  f o r  safeguards.  
utmost importance. D i f f i c u l t i e s  and poss ib le  gaps i n  the  
development of t he  program can be avoided by an e x p l i c i t  
assignment of r e spons ib i l i t y  and au tho r i ty  from the  s t a r t .  
Addi t ional ly ,  ERDA's FES a l s o  should ind ica t e  the  organizat ional  
s t r u c t u r e  wi th in  each of these  agencies where these  d u t i e s  reside." 

The safeguards program is of t he  

ERDA Response: 

Information on ERDA and NRC r e s p o n s i b i l i t i e s  and au thor i ty  f o r  safeguards 
is provided i n  Sect ion 7 . 4 . 8 . 1 . 3 s  of t h e  Supplemental Material i n  the  
F ina l  Statement, wi th  p a r t i c u l a r  emphasis on those a c t i v i t i e s  t h a t  
pe r t a in  t o  the  development, demonstration and appl ica t ion  of safeguards 
for  a f u t u r e  commercial LMFBR f u e l  cycle .  

Within ERDA, t he  development and demonstration of safeguards f o r  
appl ica t ion  t o  f u t u r e  f u e l  cyc les  are the  r e spons ib i l i t y  of t he  Division 
of Safeguards and Securi ty ,  under the  Ass is tan t  Administrator f o r  
National Securi ty .  
involving the  use  of a government-owned, cqnt rac tor  operated f a c i l i t y  
are coordinated with t h e  ERDA d iv i s ion  having o v e r a l l  r e spons ib i l i t y  
f o r  t h e  f a c i l t i y .  Safeguards a c t i v i t i e s  involving the  use of a f a c i l i t y  
subjec t  t o  NRC l i cens ing  a r e  coordinated with NRC. 

Safeguards development and demonstration a c t i v i t i e s  
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Within NRC, the  "Energy Reorganization Act of 1974" delegates  t o  the  
Off ice  of Nuclear Material Safety and Safeguards, under Sect ion 204.b.1, 
"pr inc ipa l  l i cens ing  and regula t ion  (functions) involving a l l  f a c i l i t i e s  
and materials, l icensed  under the Atomic Energy A c t  of 1954, as amended, 
assoc ia ted  with the  processing, t ranspor t ,  and handling of nuclear  
materials, including the  provis ion and maintenance of safeguards aga ins t  
t h r e a t s ,  t h e f t s ,  and sabotage of such l icensed f a c i l i t i e s ,  and materials." 
Sect ion 161( i )  of the  Atomic Energy A c t  provides t h a t  NRC may prescr ibe  
such regula t ions  and orders  as may be necessary t o  "guard aga ins t  t he  
loss or divers ion  of spec ia l  nuclear  material...and t o  prevent any use or 
d i spos i t i on  thereof which the  Commlssion map determine t o  be in imica l  t o  
the  common defense and secur i ty .n  
Reorganization Act a l s o  charges the  Off ice  of Nuclear Uaterial Safe ty  and 
Safeguards with "developing, i n  consul ta t ion and. coordination with the  
Administration (ERDA), contingency plans f o r  deal ing with th rea t s ,  t h e f t s ,  
and sabotage r e l a t i n g  t o  spec ia l  nuclear  materials, high-level radio- 
a c t i v e  wastes and nuclear  f a c i l i t i e s  r e su l t i ng  from a l l  a c t i v i t i e s  
l icensed under the  Atomic Energy A c t  of 1954, as amended." 

Sect ion 204.b.2.B of the  Energy 

EPA Comment (pages 29 and 30): 

"The PFES recognizes t h a t  with respect  t o  plutonium t o x i c i t y  the 
answers t o  some important quest ions concerning the  impact on 
publ ic  hea l th  are not ava i lab le .  It is recognized by EF'A and 
the  AEC t h a t  i n  many cases there  are reasonable d i f fe rences  of 
opinion on the  hea l th  implicat ions t h a t  might be in fe r r ed  i n  
the  absence of d e f i n i t i v e  data.  While i t  is  agreed t h a t  animal 
t o x i c i t y  experiments, and not  t he  meager human exposure da ta ,  
should serve as a guide, the  discussion of animal da ta  is not  
s u f f i c i e n t  t o  allow a judgment t o  be made on plutonium t o x i c i t y  
i n  man. 
animal data extrapolated to man are unresolved. 

"Although the  t o x i c i t y  of plutonium may be underestimated by an 
order  of magnitude, ad jus t ing  the  adverse h e a l t h ' e f f e c t s  estimates 
upwards by an order  of magnitude would not  s i g n i f i c a n t l y  change 
the  t o t a l  hea l th  impact of the  LMFBR program as estimated by the  
AEC i n  the  PFES. 
plutonium are so small. A s  new da ta  become ava i l ab le  during the  
development of t h i s  technology, any s i g n i f i c a n t  changes t h a t  may 
occur i n  the assumed probabi l i ty  and magnitude of plutonium 
releases i n t o  the  environment from the IMFBR f u e l  cycle  would 
requi re  a re-evaluation by the  EPA on the hea l th  impacts due t o  
the  LMFBR program. 
bas i s  of what is e s s e n t i a l l y  a zero release operat ing philosophy. 
It remains t o  be seen whether near  zero re lease  is technological ly  
poss ib le  and whether a l l  important plutonium releases, such as 
those due t o  sabotage,  have been properly considered . I t  

The d i f fe rences  of opinion on the  s ign i f icance  of 

This is because the  projected releases of 

Health e f f e c t s  have been forecas t  on the  
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ERDA Response: 

ERDA a g r e e s  that both experimental  animal d a t a  and d a t a  f r w  t h e  l i m i t e d  
human exposures need t o  b e  u t i l i z e d  i n  e s t i m a t i n g  p o t e n t i a l  h e a l t h  
consequences;  bo th  of  t h e s e  sou rces  of information,  and t h e i r  app l i c -  
a b i l i t y  and l i m i t a t i o n s ,  are summarized and d i scussed  i n  t h e  PFES. 
e s t i m a t e s  of h e a l t h  consequences i n  t h e  PFES are de r ived  from a n a l y s i s  
of bo th  human and animal d a t a  and,  i n  t h e  absence of r e l e v a n t  d a t a ,  
upon conse rva t ive  assumptions; EP.DA con t inues  t o  be of t h e  opinion t h a t  
t h i s  approach r e s u l t s  i n  a soundly based upper l i m i t  estimate of 
p o t e n t i a l  h e a l t h  e f f e c t s .  U n c e r t a i n t i e s  i n  t h e s e  estimates w i l l  be 
reduced as a d d i t i o n a l  experimental  and human d a t a  become a v a i l a b l e .  It 
is expected t h a t  a d d i t i o n a l  information w i l l  permit  r e d u c t i o n  of t h e  
deg ree  of conservat ism introduced by assumptions made i n  t h e  absence of 
d a t a  and consequently of t h e  estimates of p o t e n t i a l  h e a l t h  consequence. 
The conse rva t ive  n a t u r e  of t h e  estimates makes it improbable t h a t  t h e  
PFES underes t ima tes  t h e  p o t e n t i a l  h e a l t h  consequences a r i s i n g  from t h e  
a n t i c i p a t e d  exposures. 

As w a s  d i scussed  i n  t h e  PFES (pages VII.53-116 t o  118 and VII.53-127, 
and r e f e r e n c e s  r e f e r r e d  t o  t h e r e i n ) ,  ERDA b e l e i v e s  t h a t  p o t e n t i a l  
human h e a l t h  e f f e c t s  caused by t h e  t r a n s u r a n i c  e lements  w i l l  b e  
q u a l i t a t i v e l y  similar t o  t h o s e  h e a l t h  e f f e c t s  observed i n  animals.  

The 

EPA Comment (page 31):  

"...To our knowledpe, t h e  r e l a t i o n s h i p  between packaging test 
requirements  and t h e  s u r v i v a l  (or maintenance of i n t e g r i t y )  of 
such packages under v a r i o u s  a c c i d e n t  c o n d i t i o n s  has  n o t  been 
e s t a b l i s h e d .  
a l l  types  o f  r a d i o a c t i v e  material." 

T h i s  c o n s i d e r a t i o n  a p p l i e s  t o  t r a n s p o r t a t i o n  of 

ERDA Response: 

The ERDA s t a f f  acknowledges t h a t  t h e  r e l a t i o n s h i p  between packaginy: test  
requirements  and t h e  s u r v i v a l  (or maintenance of i n t e g r i t y )  of packazes 
under a c c i d e n t  c o n d i t i o n s  has  no t  y e t  been f u l l y  e s t a b l i s h e d .  Research 
is underway t o  b e t t e r  e s t a b l i s h  such r e l a t i o n s h i p s .  
i n d i c a t e  t h a t  many types  o f  packages designed t o  hold s i r , n i f i c a n t  amounts 
of r a d i o a c t i v i t y  ma in ta in  t h e i r  i n t e g r i t y  under cond i t ions  more severe 
t han  those  l i k e l y  t o  b e  encountered i n  t r a n s p o r t a t i o n  a c c i d e n t s .  
a d d i t i o n ,  a f t e r  more than  25 y e a r s  of experience i n  a wide v a r i e t y  of 
t r a n s p o r t a t i o n  a c c i d e n t s ,  t h e s e  package types  have demonstrated excel-  
l e n t  s t r u c t u r a l  s u r v i v a l  w i thou t  loss of i n t e g r i t y .  

P re l imina ry  r e s u l t s  

I n  
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EPA Comment (page 31): 

"Although w e  f a i l e d  t o  address t h i s  i s sue  i n  our  comments on 
the  DES, w e  note t h a t  AEC suggested t h a t  t he  doses estimated 
from spent  f u e l  t ranspor ta t ion  accidents  could be compared t o  
the  'accident guidel ines '  set f o r t h  i n  10 CFR P a r t  100. The 
s t a t e d  purpose of 10 CFR P a r t  100 was t o  provide cri teria t o  
guide the  nuclear  indus t ry  i n  evaluat ing the  s u i t a b i l i t y  
of proposed si tes f o r  LWR's, and the  AEC ind ica ted  t h a t  i ts 
use of t he  values of 25 rem t o  the  whole body and 300 rem 
t o  the  thyroid is not intended t o  imply t h a t  these values  
c o n s t i t u t e  acceptable  l i m i t s  f o r  emergency doses t o  the  publ ic  
under accident  condi t ions.  
appropriate  t o  compare the  t ranspor ta t ion  accident  doses t o  
the  LD 5 0 / 6 0  dose-response curve." 

In our  opinion, It would be more 

ERDA Response: 

W e  agree t h a t  10 CPR P a r t  100 "accident guidelines" may not  be accept- 
ab le  limits f o r  publ ic  r ad ia t ion  doses following t ranspor ta t ion  
accident  releases. However, we f e e l  t h a t  the  LD 50160 doses would not  
be appropriate  e i t h e r  as they are r e l a t i v e l y  too high. 

Unt i l  acceptable  t ranspor ta t ion  "accident guidel ines"  are developed, 
comparisons should probably not  be made. E f fo r t s  are underway t o  develop 
such "guidelines." For example, the  AEC Ad Hoc Task Group on Transporta- 
t i on ,  i n  t h e i r  October 10, 1974 repor t ,  "Safety i n  Transportat ion of 
Radioactive Material," suggested the  following "accident guidelines." 

" L i m i t s  on the  contents  of ind iv idua l  packages and s tandards f o r  designs 
of packages should assure  t h a t  (a) t he  p robab i l i t y  t h a t  a release of 
rad ioac t ive  mater ia l s  o r  an increase  i n  r ad ia t ion  l e v e l s  would occur i n  
t ranspor t  is less than 1 f o r  each l o 4  packages shipped; a d  (b) t he  
probabi l i ty  t h a t  an ind iv idua l  would receive a dose o r  dose commitment 
g rea t e r  than 15 r e m  from acc identa l  releases of rad ioac t ive  mater ia l  o r  
increases  i n  rad ia t ion  l e v e l s  i n  t ranspor t  i n  a year  is less than 
I i n  1 0 7 . ~ ~  

It should be noted t h a t  these "accident guidel ines"  are only the  
recommendations of the Task Group and are not  ERDA (or  NRC) pol icy .  



n V.84-70 

31 

EPA Comments (page 33): 

"EPA w i l l  be responsible for issuance of discharge permits for  
the proposed (LMFBR) power plants ,  under the National Pollutant 
Discharge Elimination System (NPDES) - Section 402 of  the Federal 
Water Pollution Control A c t  of 1972, as'amended (FWPCA) . . . . I '  

ERDA Response: 

We agree with these EPA comments regarding the implementation of these 
regulations.  

n 
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GLENDALE TAXPAYERS’ ASSOCIATION 
I N C O R P O R A T E D  

A Chic Organization Sewing Glendale for Over 50 Years 
MRS. LIl,l,IhN I3 K O I . l S ,  .\‘lt(rcttrr..v 

7 1 - 2  - 68th Strwt, Glendale, N. Y. 11227 
Trlrphmr: 8214154 

April 19, 1975 
- 8 7  

W. H. Fbnnington, Assessmnt Officer 
Division of Biomedical and Environmental lbsearch 
U. S.  EFDA, Washington, D.C. 20545 

Dear Sir: 

Residents of our community are greatly concerned over the 
proposed program t h a t  would permit the shipment of Uquid 
Metal Fast Breeder Reactor through resident ia l  areas. 
cordillg to reporte, LMFBR involves two dangerous and d i f f i -  
c u l t  to control eubetamea; plutonium fuel i n  quantit iee 
and molten sodium whlch flpmss on contact with water or 
dr. The superheated fast reactions can lead t o  explosions, 
and we fear the ahipping of t h i s  material through populated 
areas could i n  case of accident, such as explosions, cause 
destruction and loma of life. 

Ac- 

Research ha8 ale0 shown t h a t  invis ible  hot par t ic les ,  SUB- 
pended i n  the air, if Inhaled can incite c-er of the lung 
and due to the fact that plutonium hoe a half- l i fe  of 
years, once it ia admittad to the emrironment, it w i l l  be 
vir tual ly  forever pervasive. 

We, therefore, urp tha t  the program of shipping W B R  be 
suepnded u n t i l  other ways and meam of shipving t h i s  ma- 
t e r i a l  could be found. 
our thought8 every coneideration. 

We would appreciate your giving 

very truly yours, 

Glendale payer I Assn Inc. &MW 
hr/lbk 
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UNITED STATES 

EN E R G Y R ES EA R C H AN D 0 E V E L 0 PPJl E NT A D M I N IST R A T  I 0 N 
WASHINGTON, D.C. 20545 

Mrs. L i l l i a n  B. Kol in  
S e c r e t a r y  
Glendale Taxpayers' Associat ion 

Glendale,  Hew York 11227 
71-22 68th S t .  

Dear Mrs. Kolin:  

Thank you f o r  your let ter of Apri l  19,  1975 c o m e n t i n q  on t h e  Liquid 
N e t a l  Fas t  Breeder Reactor (UVBR) Program. The concerns you raise 
w i t h  r eaa rd  t o  t h e  s a f e t y  of t r a n s p o r t i n g  L?FBR materials and the  
t o x i c i t y  of plutonium have been c n t e f u l l y  cxanined du r ing  the  prepar- 
a t i o n  of t h e  Troposed F i n a l  E n v i r o m e n t a l  Statement (PFES) on t h e  
LNFBR Program (WASH-1535). 
Appendix 1I.A) and 4.7, r e s p e c t i v e l y  of t he  P E S  which has  been 
inco rpora t ed  as Sec t ion  11 of  t h e  F i n a l  Environmental Statement (FES) 

A copy of t h e  FES i s  e2closed h e r e v i t h  f o r  your i n f o r m t i o n .  
hoped t h a t  your review of t h e  S ta t enen t  w i i l  a l l e v i a t e  your concerns.  
'Rmzk you f o r  your i n t e r e s t  i n  t h e  LMFBR Prozran. 

P l ease  r e f e r  t o  Sec t ions  4.5 (.md 

It is 

Since re ly ,  

p l f ' y -  Ja es L. Livenwn 

W i s t m t  Adminis t ra tor  f o r  
Environment and Sa fe ty  

Enclosure : 
F i n a l  Environmental Statement,  

UmR Program 

n 
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G E O R G I A  S T A T E  C L E A R I N G H O U S E  M E M O R A N D U M  

Mr. W. H. Pennington 
Assessment and Coordination Officer 
Division of Biomedical and Environmental 

Energy Research and Development 
Research 

Admini s t r a t i  on 
0. C. 20545 

FROM: Charies H. Badqer, Administrator 
Georgia S ta te  Clearinghouse 
Office of Planning and Budget 

DATE : April 21, 1975 

SUBJECT: RESULTS OF STATE-LEVEL REVIEW 

Applicant: Energy Research and Development Administration 

Project: Proposed Final Environrmtal'  Impact Statement 

S t a t e  Clearinghouse Control Number: 75-02-20-01 (UASH 1535) 

The S t a t e  Clearinghouse has completed a coordinated State-level review of the Above-referenced 
proposed f i n a l  environmental impact s ta te ren t .  
of Georgia is  opposed t o  the  fur ther  development o f  the Liquid f-letal Fast Breeder Reaczion 
Program (LHFB) f o r  the following reasons: 

The S t a t e  o f  Georgia is  opposed t o  t h e  f u r t h e r  development o f  the  L i q u i d  Veta1 Fast  Breeder 
Reactor Program (LI:FB) f o r  a number o f  reasons. 

Environmental and health hazards re la ted  to nuclear development a r e  n6t adequately 
understood t o  permit development of adequate safeguards to protect  the public. 

The length of time necessary f o r  the wastes tp degrade bcyond t h e i r  hezardous S t a t e  
i s  estimated a t  nore than 25,000 years, g rea t ly  increasing the problen of leakage 
from the storage f a c i l i t y  into the environment during the hazardous l i fe  of t h e  
material. 

There is  no adequate program t o  insure secur i ty  o f  waftes during processing, t rans-  
portat ion or  storage t o  prevent t h e f t  by subversive elerents .  

As a result o f  t h a t  revieti process the  S t a t e  

Brief ly ,  tbose reasons are: 



v.86-2 

Mr. 14. H .  Pennington 

Page Two 
75-02-20-01 

The economic v i a b i l i t y  o f  t h e  LMFB program i s  h i g h l y  ques t ionab le  i n  t h a t  est imates 
of cos ts  o f  cons t ruc t i on  a r e  i nc reas ing  r a p i d l y  w i t h  no slowdown i n  increases a n t i -  
c ipa ted .  
as t o  f e a s i b i l i t y  o f  t h i s  approach. 

F ina l  cos ts  o f  t he  program a r e  imposs ib le  t o  p r e d i c t ,  r a i s i n g  quest ions 

I n  accordance, w i t h  the  p rov i s ions  o f  t he  Nat iona l  Environmental P o l i c y  Act, t h e  fo rego ing  
comments and enclosures t o  t h i s  memorandum should be addressed i n  the  f i n a l  environmental 
statement prepared f o r  t h e  p ro jec t .  

Enclosure - Review comments prepared by t h e  Department o f  Natura l  Resources, dated 
A p r i l  9, 1975. 

cc: Ray Siewert ,  ONR 
hi Walden, OPB 
Gary M i d k i f f ,  OPB 
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OfFlCI  OF PLANNINO AND RIOIARCH 

I70 WAOHINOTON W., #.W. 

ATLANTA, OKOROIA a0114 
1404) 000-8100 

April 7, 1975 

M E M O R A N D U M  

TO : Chuck Badger, Administrator 
State Clearinghouse 

FROM: Bruce MacGregor 

ISSUE: Final EIS, Liquid Metal Fast Breeder Reactor Program 

The State of Georgia does not choose to respond at this time to the 
technical information contained in the seven volume page Final Environmental 
Impact Statement. 
concern for ramifications of nuclear power. 

First, we feel that the decision, in 1970, to proceed with the develop- 

However, the State has a great interest in and a great 

ment of the breeder reactor was short sighted, politically motivated and 
made without public input. 
reactor was never intended to be anything more than a stop-gap measure on 
the road to the development of nuclear fusion. 
on the breeder reactor during the past five years been applied to nuclear 
fusion research, the nation would probably be very close to development of 
the safer fusion reactor. 

Even by nuclear parer advocatesthe breeder 

Had the research money spent 

The summary sheet supplied with the final EIS is inadequate. The 
summary statement appears to be written more as a project justification 
than as a summary of the environmental impact of the project. In fact, the 
first sentence states... "This Proposed Final Environmental Statement is 
issued in support of the AEC's progr am..." The summary statement states 
that environmental problems would "...not be significantly different from 
those inherent in other nuclear fuel cycles." In addition to being ques- 
tionable, this statement overlooks two important issues; first, existing 
LWR plants have experienced substantial environmental and safety problems. 
Second, the magnitude of these problems will be multiplied many times with 
a breeder reactor. 
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ISSUE: Final EIS, Liquid Metal Fast Breeder Reactor Program 
April 7, 1975 
Page Two 

Overall, we feel that the IMFBR program should NOT be continued. 
Reasons for this position include: 

(a) 
deadliest substances known to man. 

The program will produce large amounts of plutonium, one of the 

(b) 
undue and unnecessary risks to the general public. 

(c) The program's economic feasibility is questionable. Costs have 
risen dramatically and continually. 

(d) The costs of LMFBR research diverts money from other nuclear 
research, such as fusion, and from other energy source research, such 
as solar. 

The transportation and storage of radioactive wastes will involve 

The overall health, safety, environmental and security problems pose 
an unacceptable risks for the limited short term benefits gained. 
has a half life of over 25,000 years. 
contrary, there has been no acceptable method of handling, transporting and 
especially disposing of this material. 
over such a time span would assume societal tranquility of a time span which 
has never yet occurred and probably will not occur. 

BM: eh 

Plutonium 
Regardless of statements to the 

Safe guarding radioactive wastes 
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UNITED STATES 

EN E R G Y R E S E A R C H AN 0 D E V E L 0 PPA E N T A D M I N I ST R A T  I 0 N 
WASHINGTON, O.C. 20545 

Hr. Charles €I. Badger, Administrator 
Georgia S t a t e  Clearinghouse 
Off ice  of Planning and Budget 
270 Washington S t r e e t ,  S .W. 
A t l a n t a ,  Georgia 30334 

Dear Hr. Badger: 

Thank you f o r  t h e  Georgia S t a t e  Clearinghouse Memorandum, dated 
A p r i l  21, 1975 concerning the  Proposed F i n a l  Environmental Stateuient 
(PFES) f o r  t h e  Liquid Metal Fas t  Breeder Reactor (LXFBR) Program. It is 
noted from t h e  memorandum enclosed therewi th  t h a t  "The S t a t e  of  Georgia 
does not choose t o  respond a t  t h i s  time t o  t h e  t e c h n i c a l  information 
contained i n  t h e  seven polme page Fina l  Environmental 'Impact Statement." 
It is f u r t h e r  noted t h a t  "The S t a t e  of Georgia is opposed t o  t h e  f u r t h e r  
development of t h e  Liquid Metal Fas t  Breeder Reactor Program (LMFBR) f o r  
a number of reasons." The reasons c i t e d  are: t h e  environmental  and 
h e a l t h  hazards  of nuclear  development, t h e  problems of long-term waste 
d isposa l ,  t h e  problems of safeguarding w a s t e s ,  and q u e s t i o n s  regarding 
t h e  econonic v i a b i l i t y  of t h e  LMFBR. 

These i s s u e s  are extens ive ly  discussed i n  t h e  PFES and are f u r t h e r  
amplif ied i n  t h e  F ina l  Environmental Statement (FES). Your a t t e n t i o n  
is i n v i t e d  t o  t h e  s e c t i o n s  l i s t e d  below: 

Environmental and h e a l t h  hazards:  Sec t ions  4.2, 4.3, 4.4, 4.5, 4.7 and 
Appendices, e s p e c i a l l y  Appendix 1I.G of t h e  PFES. Sec t ion  I11 C of t h e  
FES . 
Waste Disposal:  Sec t ion  4.6, 5.4.2.2, 7.2.5, 7.3.5, 8.2.5, 9.1.2 of t h e  
PFES. Sect ion  I11 D of t h e  FES. 

Safeguards: Sec t ion  7.4 of t h e  PFES. Sect ion  I11 C of t h e  PES. 

LMFBR Economics: Sec t ions  11.1 and 11.2 of t h e  PFES. Sec t ion  111 F of 
t h e  FES. 

We trust s tudy  of t h e  Information t h e r e i n  w i l l  al leviate your concerns 
regarding t h e  LMFBR program. 
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We do not  v i e w  the  breeder  as a "stop-gap measure on the  road t o  the  
development of nuclear  fusion." D r .  Seamans, Administrator of t he  Energy 
Research and Development Administration (ERDA), recent ly  submitted "A 
National Plan f o r  Energy Research, Development and Demonstration,'' 
(ERDA-48) to  the  President  i n  which he concluded t h a t  both the  breeder 
and nuclear  fusion must be vigorously pursued i f  we a r e  t o  meet the  energy 
needs of t he  next century.  The breeder  has the  po ten t i a l  t o  provide a 
major por t ion  of the energy needs of t he  Nation f o r  centur ies  t o  come. 
Furthermore, the development of fusion power is i n  i ts  e a r l y  stages and 
t he re  are s i g n i f i c a n t  unce r t a in t i e s  concerning the  t imely a v a i l a b i l i t y  
of subs t an t i a l  amounts of e l e c t r i c  power from the  fusion process even 
should i t s  technica l  f e a s i b i l i t y  be es tab l i shed .  

Although our  environmental review of the  W B R  Program has led  ERDA t o  
conclude t h a t  cont inuat ion of research,  development and demonstration of 
t he  LMFBR concept i s  needed, cont inuat ion of the LMFBR Program will not  
be a t  the  expense of a l t e r n a t i v e  power generat ion concepts such as fusion. 
Indeed, these o the r  technology opt ions,  which are examined i n  Sect ion 6 
of t he  P E S  a re  receiving subs t an t i a l ly  increased appropriat ions i n  t he  
cur ren t  f i s c a l  year  and are proceeding a t  a pace l imi ted  only by the  need 
t o  bui ld  up the  new programs e f f i c i e n t l y  and e f f ec t ive ly .  

The Final  Environnental Statement is based on a s i g n i f i c a n t  amount of 
publ ic  input.  
Draf t  Environmental Statement. Information developed as a r e s u l t  was 
factored i n t o  preparat ion of t he  PFES. S imi la r ly ,  ERDA has ca re fu l ly  
reviewed a l l  wr i t t en  comments received on the  PFES a s  wel l  as the  
testimony received during t h e  Publ ic  Hearing held on May 27-28, 1975, 
and has taken them i n t o  account i n  the  preparat ion of t he  F ina l  Environ- 
mental Statement (FES) f o r  t he  WFBR Program. Copies are enclosed f o r  
your information. 

The Georgia S t a t e  Clearinghouse Memorandum and its enclosure have been 
published i n  the  FES along with o the r  responses received i n  connection 
with the  Proposed Fina l  Statement. 
there in  w i l l  be ava i l ab le  f o r  considerat ion by those who use the  F ina l  
Environmental Statement as a b a s i s  f o r  dec is ions  on the  fu tu re  course 
of t h e  Program. 

Comments were s o l i c i t e d  and a Publ ic  Hearing held on the  

In t h i s  way, t he  views expressed 

n 
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We regret that you were t iable  to  provide spec i f i c  comments on the 
P E S  and trust the fnfomation provided i n  t h i s  l e t t e r  and the FES 
w i l l  a l l ev ia te  your concenis. 

We appreciate the candid expression of your v i e w s .  

Sincerely, 

A 

u s i s t n n t  Adninistrator for 
Environment zrrd SeFety 

Enclosure : 
Final Environmental Statenent, 

LMFBR Program (6 copies) 
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United States Department of the Interior 
OFFICE OF THE SECRETARY 

WASHINGTON, D.C. 20240 

PEP ER 75/133 

APi? 2 .I !975 

Dear Mr. Liverman: 

Thank you for your letter of December 31, 1974, transmitting 
copies of the proposed final statement for the Liquid Metal 
Fast Breeder Reactor (LMFBR) Program (WASH-1535). 

Our comments are presented according to the format of the 
statement, or by subject. 

General 

We note that this statement is programmatic and an additional 
supplemental statement for each sited plant will be required. 
While some concerns for fish and wildlife resources are 
acknowledged in this programmatic statement, fish and wild- 
life concerns are dependent on the location of specific 
reactors and, in some instances, may require'special consi- 
deration for these resources. For the same reasons, we are 
pleased to note that site-dependent cultural aspects of 
individual plants will be addressed on a case-by-case basis 
in subsequent environmental statements for specific plants 
and sites. 

We suggest that this statement may present too strong an 
impression of the safety of LMFBR technology. Recent events 
with the present generation of reactors, such as leaks, 
cracks, and design deficiencies, would appear to call for 
some caution with the program. 

Further, the implication to combine construction and 
operating permits could be unwise as there appears to be 
environmental r i s k  associated with issuing a combined 
construction permit and operating license. 

Save Energy and You Serve America! 
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Outdoor Recreation 

In general, we feel that the proposed final statement 
adequately addresses the impacts on outdoor recreation. 
However, we believe that the comment furnished to you 
about outdoor recreation on the draft statement, dated 
May 2 0 ,  1974, is still justified. That letter indicated 
that further consideration should be given to the posi- 
tive recreation impacts that properly planned si te  areas 
and transmission lines could provide. For example, 
transmission corridors offer a significant benefit to 
hikers and other outdoor recreationists by providing 
increased access into previously inaccessible land; 
transmission line planning that recognizes this potential 
can optimize these benefits without sacrificing design 
efficiency, 

Radioactive Waste Handlinq 

Waste handling is not adequately discussed. At present, 
sufficient processing facilities are not available, and 
there is no prospect that this shortage will soon be 
remedied. It is conceivable that a storage problem of 
immense proportions with no immediate solutions in sight 
could occur. Consequently, we are concerned that the 
loss  of plutonium or any other radioactive wastes by any route 
appears to be neither adequately guarded against nor 
discussed. 

We recommend that such a policy be considered. 

Fossil Fuels 

The data presented in the sections on alternative fossil 
fuels are out of date; at the minimum, references to the 
relevant Project Independence Task Force reports should 
be added. Some sections have the appearance of good 
literature searches by individuals lacking prior specific 
knowledge of fossil fuels. In general, the potential 
contributions of nonatomic energy sources to our economy 
appear to be understated. 

We have the following specific comments to make. 

Q 
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Volume 1, Subsec t ion  1 . 6 . 1 . 2 .  I nc reased  Use of Cur ren t  
Nonnuclear Energy Product ion  Systems 
There are no problems f o r e s e e n  t o  l i m i t  t h e  use  of c o a l  
by e lectr ic  u t i l i t i e s  t o  t h e  ex ten t  sugges ted .  The 
e f f o r t s  t o  develop systems t o  c o n t r o l  t h e  environment by 
t h e  use  of  c o a l  would appea r  t o  be  no more formidable  
t h a n  t h o s e  invo lv ing  t h e  LMFBR. The use  o f  c o a l  f o r  home 
h e a t i n g  i s  c u r r e n t l y  l i m i t e d  and i t s  use  w i l l  undoubtedly 
d e c l i n e  i n  the f u t u r e .  

Volume 2 ,  Subsec t ion  4.1.2. A v a i l a b i l i t y  o f  Plutonium 
and Uranium 
The Energy Research and Development Admin i s t r a t ion  (ERDA) 
s t o c k p i l e  of d e p l e t e d  uranium, r e c e n t l y  r e p o r t e d  t o  be  
2 2 0 , 0 0 0  t o n s  i n  form o f  d e p l e t e d  UFg,  i s  n o t  i nc luded  i n  
S e c t i o n  4 o r  i n  S e c t i o n  5,  a l though  it would be o f  s i g n i -  
f i c a n c e  i n  t h e  LMFBR program. Th i s  s t o c k p i l e  r e p r e s e n t s  
a l a r g e  supply  of  f e r t i l e  uranium f o r  use  i n  t h e  LMFBR 
and is  approximate ly  equa l  t o  t h e  p roduc t ion  of  d e p l e t e d  
uranium, p r o j e c t e d  i n  Table  4 .1 -1 ,  page 4.1-8, f o r  1 9 7 3 -  
1 9 8 4 .  The maintenance,  p rocess ing ,  and t r a n s p o r t a t i o n  o f  
t h i s  s t o c k p i l e  material would have s i g n i f i c a n t  envi ron-  
men ta l  and economic impact .  

Volume 2 , Subsec t ion  4 . 4 . 1 . 2 .  

%%%!%tion i n d i c a t e s  t h a t  t h e  r e p r o c e s s i n g  of spen t  
LMFBR f u e l s  i s  t h e  s u b j e c t  of a development program t h a t  
i s  expec ted  t o  be  s u c c e s s f u l .  However, t h e  r e p r o c e s s i n g  
o f  s p e n t  f u e l s  i n  t h e  l i g h t  water r e a c t o r  program h a s  n o t  
been s u c c e s s f u l l y  demonstrated on a commercial scale, 
and a s h o r t a g e  o f  r e p r o c e s s i n g  c a p a c i t y  i s  becoming a 
s e r i o u s  problem. There i s  l i t t l e  b a s i s  f o r  a p r e d i c t i o n  
t h a t  LMFBR f u e l  r e p r o c e s s i n g  technology w i l l  be developed 
when needed. 

S t a t u s  o f  Reprocessing 

Volume 3 ,  Subsec t ion  6A1.1.2. Extent  of Energy Resources  
Reserves  a t  c u t o f f  c o s t  o f  $8 p e r  pound U308, and even 
t h o s e  a t  $ 1 0 ,  appear  unreal is t ic  i n  view of p r i c e  increases 
l e a d i n g  t o  a market p r i c e  of $16 p e r  pound U30gin e a r l y  
1 9 7 5 .  Also ,  it i s  doub t fu l  t h a t  r e s e r v e s  can  b e  mined a t  
t h e  i n d i c a t e d  c o s t s  because o f  r e c e n t . i n c r e a s e s  i n  
o p e r a t i n g  c o s t s .  
because  of con t inu ing  increases i n  o p e r a t i n g  costs and 
market  p r i c e s .  

The re ' se rve- resource  p o s i t i o n  i s  changing 
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Volume 3, Subsec t ion  6A1.1.2.3. Est imated  A v a i l a b i l i t y  and 
Consumption of Uranium 
Requirements of 1 2 , 0 0 0  t o n s  U30gper y e a r  should be def ined  
as w e  b e l i e v e  a c t u a l  needs as f i r s t - c o r e  and replacement  
f u e l s  are probably on ly  about  h a l f  t h a t  amount. We sugges t  
t h e  12,000 t o n s  U308may b e  market commitments or enrichment  
f e e d s t o c k  demand. 

Volume 3 ,  Subsec t ion  6A1.1.2.4. P o t e n t i a l  E f f e c t  o f  
Advanced Enrichment Process  on Resource Conservat ion 
We do n o t  know why g a s  c e n t r i f u g e  enrichment  is  n o t  inc luded  
h e r e ,  even though t h e  technology i s  more advanced than  t h a t  
f o r  laser  enrichment .  

Volume 3 ,  Subsec t ion  6A1.2.2. Exten t  o f  Energy Resource 
Thorium r e s o u r c e s  r e p o r t e d  i n  Tables  6A1-15 and 6A1-16 are  
d i f f e r e n t  from t h o s e  r e p o r t e d  by t h e  Bureau of Mines and 
t h e  Geologica l  Survey. However, t h e s e  Tables  s u b s t a n t i a t e  
t h e  lack of a thorium r e s o u r c e  problem. 

Volume 3 ,  6A2. F o s s i l  Fue l s  for C e n t r a l  S t a t i o n  Electr ic  
Power Genera t ion  
The Table  on t h e  c o n t r i b u t i o n  o f  f o s s i l  f u e l s  t o  ou r  t o t a l  
energy needs c o n t a i n s  several e r r o r s .  Also, t h e  d a t e  o f  
t h e  d a t a  should b e  shown. The o i l  p roduc t ion  shown i s  
c rude  o i l  on ly ,  wh i l e  n a t u r a l  gas  l i q u i d s  appear  t o  be  
inc luded  i n  impor ts .  Coal product ion  should exceed c o a l  
consumption by t h e  amount of n e t  e x p o r t s .  The n a t u r a l  gas  
d a t a  do n o t  cor respond t o  t h e  Bureau of Mines d a t a  f o r  
1972, which o t h e r w i s e  appears  t o  be t h e  d a t a  of t h e  Table .  
The Bureau of  Mines d a t a  are shown on page 44 of  t h e  1973 
Mineral  I n d u s t r y  Survey. 

Volume 3, 6A2.1.1.3. S t a t u s  
The  Bureau o f  Mines estimates t h a t  31.6 p e r c e n t  o f  
economical ly  r e c o v e r a b l e  c o a l  can b e  o b t a i n e d  from s u r f a c e  
mines (see Mineral  I n d u s t r y  Survey, "Demonstrated Coal 
Reserve Base o f  t h e  Uni ted  S t a t e s  on January  1, 1974"). 
Coal p roduc t ion  i n c r e a s e d  from 416 m i l l i o n  t o n s  i n  1960 
t o  6 0 3  m i l l i o n  t o n s  i n  1970. Although t h e  number of  mines 
dec reased ,  t h e r e  was a marked increase i n  t h e  s i z e  of new 
mines.  Competit ion from cheap n a t u r a l  gas  and i n c r e a s e d  
o i l  impor t a t ion  w a s  n o t  as r e s t r i c t i v e  on c o a l  demand as 
i s  sugges ted .  
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O i l  Sha le s  

r e g a r d i n g  "one- th i rd  minera l  matter" should 
s h a l e  i s  more n e a r l y  8 5  percent  mine ra l  

Page 6 A 2 - 5 6 ,  toward bottom of page 
The 2 4  m i l l i o n  is t h e  f i g u r e  f o r  metric t o n s .  A more 

recent  f i g u r e  could  be  g iven  b u t  a f a i r  i n d i c a t i o n  o f  growth 
i s  i n d i c a t e d  i n  t h e  las t  p a r t  of t h e  l as t  s e n t e n c e  on t h i s  
Page ' 

Page 6 A 2 - 5 7 ,  middle of page 
We sugges t  ment ioning t h e  Mowming s h a l e  c e n t e r  i n  t h e  

Province-of  Kwang Tung,-which probably produces more s h a l e  
o i l  now than  t h e  Manchurian oil shale f a c i l i t i e s .  

Page 6A2 - 5 7 , next  paragraph 
The s t a t e d  views about  o i l  s h a l e  i n  t h i s  paragraph  should  

be  d e l e t e d  u n l e s s  t h e r e  i s  good r eason  t o  b e l i e v e  t h a t  it i s  
well-founded and t h a t  Fede ra l  p o l i c y  would promulgate  t h i s  
v iewpoin t .  

P a v e  6 A 2 - 5 8 ,  t o p  of page 
Th i s  s en tence ,  which beg ins  on t h e  preceding  page,  wi th-  

o u t  any o t h e r  i n fo rma t ion  t o  accompany-i t ,  e s p e c i a l l y  
r e c e n t  i n fo rma t ion ,  does n o t  g i v e  an  adequa te  d e s c r i p t i o n  
o f  s h a l e  o i l  economics 

Page 6 A 2 - 5 8 ,  nex t  sentence 
P ro to type  l e a s i n g  h a s  more than  j u s t  begun. Four t rac t s  

have a l r e a d y  been l e a s e d .  Two o t h e r s ,  t h e  Wyoming t r ac t s ,  
were o f f e r e d  b u t  d i d  n o t  a t t r a c t  any b i d s .  

Page 6 A 2 - 5 8 ,  same paragraph ,  l a s t  sen tence  
I t  would n o t  be  a c c u r a t e  t o  say  t h a t  t h e  g o a l  of  t h e  

l e a s i n g  program i s  p roduc t ion  of 1 m i l l i o n  b a r r e l s  p e r  day. 
There i s  no o t h e r  l e a s i n g  program a t  p r e s e n t .  

Page 6 A 2 - 6 2 ,  t o p  o f  page 
It i s  sugges ted  t h a t  "in some r e t o r t s "  be i n s e r t e d  i n  

connec t ion  wi th  t h e  22OOOF. 

Page 6 A 2 - 6 2 ,  nex t  paragraph 
Some of t h e  gas  i s  r e c y c l e d ,  b u t  some i s  vented  from 

t h e  system. 
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Page 6 A 2 - 6 5  and Page 6A2-66,  toward bottom of page 
C o s t  f i n u r e s  go o u t  of d a t e  q u i t e  r a p i d l y .  It  would 

v _ _ _  - 
be b e t t e r  t o  men'fion more r e c e n t  estimates, o r  i n  some 
way acknowledge t h e  r a p i d  e s c a l a t i o n .  
Independence O i l  Sha le  Task Force r e p o r t .  

See P r o j e c t  

Page 6 A 2 - 6 7 ,  rvward t o p  of  page 
The sen tence  d e s c r i b i n g  s h a l e  o i l  as "more t h a n  

compe t i t i ve"  does n o t  g i v e  a p rope r  p i c t u r e  o f  t h e  economic 
s t a t u s  of s h a l e  o i l .  We sugges t  r e f e r e n c i n g  t h e  P r o j e c t  
Independence O i l  Sha le  Task Force r e p o r t .  

Volume 3 ,  6A4. Geothermal Energy 
This reDor t  over looks  t h e  n o n - e l e c t r i c a l  a p p l i c a t i o n s  which - - L  

would reduce  t h e  demand f o r  e l e c t r i c i t y  as opposed t o  
i n c r e a s i n g  supply .  The emphasis i n  t h e  l a s t  paragraph on 
t h e  word m a y ,  implying t h a t  geothermal  may n o t  b e  a v a i l a b l e  
i n  . t i m e ,  1 s  mis lead ing .  
f o r  t h e  t e c h n i c a l  problems are less s e v e r e  t h a n  many which 
have been f aced  i n  t h e  p a s t ,  t h e  prime example b e i n g  
nuc lea r  energy.  

A t  best  it i s  a q u e s t i o n  of t i m i n g ,  

Volume 3 ,  6 A 2 . 2 . 2 .  Na tu ra l  Gas and O i l  
The d a t a  c i t e d  on domest ic  o i l  and gas  p roduc t ion ,  consump- 
t i o n ,  and d e f i c i t s  are a l l  " p r e - c r i s i s "  and do n o t  r e f l e c t  
c u r r e n t  t r e n d s .  A reference t o  t h e  P r o j e c t  Independence 
r e p o r t  would be  u s e f u l .  

The probable  c o s t  o f  Arctic g a s  now g r e a t l y  exceeds t h e  
$1.10 p e r  Mcf which i s  c i t e d .  

We hope t h e s e  comments w i l l  be  h e l p f u l  t o  you. 

S i n c e r e l y  your s ,  

v 
Deputy Assistant S e c r e t a r y  of t h e  I n t e r i o r  

M r .  James L. Liverman 
A s s i s t a n t  General  Manager f o r  

Biomedical and Environmental  
Research and S a f e t y  Programs 

Energy Research and Development 
Admin i s t r a t ion  

Washington, D. C.  20545 



V.87-7 

UNITED STATES 

EN E R G Y R ES E A R C H A N  0 0 E V E L 0 Prvl E N T AD M I N I STRATI 0 N 
WASHINGTON, D.C. 20545 

Mr. Stan ley  Doremus 
Deputy A s s i s t a n t  S e c r e t a r y  of t h e  I n t e r i o r  
Unite& S t a t e s  Department o f  the I n t e r i o r  
Washington, D.C. 20240 

Dear Mr. Doremw: 

Thank you f o r  your le t ter  of hpri l  24, 1975 commenting on t h e  Proposed 
F i n a l  E n v i r o m e n t a l  Statement  (PFES) f o r  t h e  Liquid Metal F a s t  Breeder 
Reactor  (LtEFER) Program. You are q u i t e  c o r r e c t  i n  your o b s e r v a t i o n  t h a t  
t h e  Statement  is p r o g r a m a t i c  i n  n a t u r e  and t h a t  a d d i t i o n a l  s t a t emen t s  
are r e q u i r e d  f o r  each s i t e d  p l a n t  which vould a d d r e s s  t h e  s p e c i f i c  s i te -  
dependent environmental  i s s u e s .  Your s p e c i f i c  c o m e n t s  are addressed in 
the enclosed Z P 3 h  S t a f f  P.esponses. In many i n s t a n c e s  your comments r e f e r  
to  in fo rma t ion  i n  t h e  PFES which has become ou tda ted  s i n c e  t h e  w t e r i a l  
w a s  prepared.  Th i s  is i n e v i t a b l e  i n  a document of t h i s  oagn i tude  which 
has been i n  p r e p a r a t i o n  f o r  more than  two yea r s .  h%ere i t  w a s  determined 
that updat ing t h e  d a t a  was needed i t  has  been included in t h e  revisions 
and c o r r e c c i o n s  co t h e  cex t  t h a t  are i i s t e d  i n  Section iIi A of tile F i n a l  
Environmental Statement (FES). 

The FES f o r  t h e  LPfFBR Program has been prepared t a k i n g  i n t o  account  t h e  
w r i t t a n  cominents r ece ived  on tix PFES and t h e  tes t imony glven a t  t h e  
P u b l i c  Hearing he ld  on Hay 27-28, 1975. Copies of t h e  Statement are 
enclosed f o r  your information.  Thank you f o r  your iziterest i n  t h e  
UIFBR Program. 

S i n c e r e l y ,  

u s i s t a n t  Adminis t ra tor  for 
Environment and S a f e t y  

Enclosures:  
1. ERDA S t a f f  Responses 
2. F i n a l  E n v i r o m e n t a l  Statement ,  

LMFBB Progrzsl (18 cop ies )  
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ERDA S t a f f  Responses t o  Departmect of I n t e r i o r  Comments 

General 

Comment (p. 1): 

". . . this staternent may p r e s e n t  too s t r o n g  an  impression of t h e  
s a f e t y  of L?VBR technology. 
gene ra t ion  of r e a c t o r s ,  such as l eaks ,  c r acks ,  and des ign  
d e f i c i e n c i e s ,  would appear  t o  c a l l  f o r  some c a u t i o n  w i t h  t h e  
program. I' 

Recent e v e n t s  w i t h  t h e  p r e s e n t  

ERDA Response: 

The PFES p rov ides  c o n s i d e r a b l e  in fo rma t ion  on t h e  LMFBR s a f e t y  R&D 
program. 
F i n a l  Environmental Statement.  It must b e  emphasized, however, t h a t  
t he  s a f e t y  approach as desc r ibed  i n  S e c t i o n  4.2.7 of t h e  PFES provides  
s u f f i c i e n t  f l e x i b i l i t y  cons ide r ing  both the  s a f e t y  RLD program and t h e  
des ign  approach of u t i l i z i c g  m u l t i p l e  l e v e l s  of defense such t h a t  s a f e t y  
p rob lens  which c u r r e n t l y  ex is t  o r  are a n t i c i p a t e d  can be accomodated by 
des ign  o p t i o n s  for f u t u r e  UFBR p l a n t s  i f  no t  f u l l y  resolved by t h e  R&D 
program f o r  e a r l y  p l a n t s .  There are no major problems o r  uncertaint ies  
no t  amenable t o  o r d e r l y  and planned r e s o l u t i o n  by t h e  s a f e t y  R6D program. 

Add i t iona l ,  mare d e t a i l e d ,  information is provided i n  the 

The f a c t  t hac  f a i l u r e s  have occurred does n o t  imply t h a t  r e a c t o r s  are 
unsafe.  Indeed they  are i l l u s t r a t i v e  of t h e  v e r y  wide spectrum of 
p o s s i b l e  even t s  which n u s t  be taken i n t o  account when a r e a c t o r  is 
designed so t h a t  t h e  r e a c t o r  can accomoda te  t h e m  s a f e l y .  
are designed w i t h  a m u l t i p l i c i c y  of p r o t e c t i v e  f e a t u r e s  and systems so 
t h a t  s i n g l e  2nd even m u l t i p l e  f a i l u r e s  can be accommodated s a f e l y .  
l a r g e  p ropor t ion  of t h e  d e r e c t s  which have occurred i n  n u c l e a r  systems 
were d e t e c t e d  as a r e s u l t  of t h e  ex tens ive  t e s t i n g ,  i n s u e c t i o n ,  acd 
q u a l i t y  a s su rance  programs a p p l i e d  uniquely t o  such systems,  and probably 
would not  have been de tec t ed  had they  occurred i n  non-nuclear systems. 
It is s i g n i f i c a n t  i n  t h i s  regard t h a t  c i v i l i a n  nuc lea r  power p l a n t s  have 
now accumulated ove r  240 r eac to r -yea r s  o f  ope ra t ion  without  a s i n g l e  
r a d i a t i o n - r e l a t e d  dea th  o r  i n j u r y  t o  o p e r a t i n g  pe r sonne l  o r  t h e  pub l i c .  

Nuclear p l a n t s  

A 

Camment (p. 1): 

"...the i m p l i c a t i o n  t o  combine c o n s t r u c t i o n  and o p e r a t i n g  pe rmi t s  
could be unwise as t h e r e  appears  t o  b e  enviroamental  r i s k  a s soc i -  
a t e d  w i t h  i s s u i n g  a combined c o n s t r u c t i o n  permit  and o p e r a t i n g  
license. 'I 
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ERDA Response: 

No such impl i ca t ion  w a s  i n t ended ;  t h i s  is a s u b j e c t  o u t s i d e  t h e  
r e s p o n s i b i l i t i e s  or' ERDA. 

Comment (Q. 2) :  

"In g e n e r a l ,  w e  f e e l  t h a t  t h e  proposed f i n a l  s ta tement  adequately 
addres ses  t h e  impacts on outdoor r e c r e a t i o n .  tiawever, w e  b e l i e v e  
t h a t  ... f u r t h e r  cons ide ra t ion  should be given t o  t h e  p o s i t i v e  
r e c r e a t i o n  impacts t h a t  p rope r ly  planned si te areas and t r a n s -  
mission l i n e s  could provide. .  . . " 

ERDA Response : 

ERDA agrees  t h a t  m u l t i p l e  u s e s  of land,  i n c l u d i n g  r e c r e a t i o n ,  is d e s i r a b l e  
where secondary uses do no t  pose p u b l i c  h e a l t h  and s a f e t y  ques t ions .  The 
thought t h a t  t r a n s n i s s i o n  right-of-ways could be used f o r  r e c r e a t i o n  nay 
have mr i t  and should be exanined mre thoroughly.  
however, what s p e c i f i c  energy RAD (which, a s  you know, is ERDA's responsi-  
b i l i t y )  could be undertaken t o  enhance t h e  p rospec t s  f o r  r e c r e a t i o n a l  use 
of right-of-ways. 

I t  is not  clear, 

Perhaps t h e  Nat ional  Park Service, o r  some o t h e r  a p p r o p r i a t e  agency 
w i t h i n  I n t e r i o r ,  could make an assessment of mul t ip l e  uses  of trans- 
mission c o r r i d o r s .  ERDA would be p l eased  t o  cooperate  r e l a t i v e  t o  
energy R6D r equ i r ed  f o r  such m u l t i p l e  u ses .  

Comment (p. 2 ) :  

"Waste handl ing i s  n o t  adequately discussed.  A t  p r e s e n t ,  
s u f f i c i e n t  p rocess ing  f a c i l i t i e s  are n o t  a v a i l a b l e .  and t h e r e  
is  no prospect  t h a t  t h i s  sho r t age  w i l l  soon be  remedied. It 
is conceivable  t h a t  a s t o r a g e  problem of immense p ropor t ions  
wi th  no immediate s o l u t i o n s  i n  s i g h t  could occur .  Consequently, 
we are concerned t h a t  t h e  loss of plutonium o r  any o t h e r  radio-  
active wastes by any r o u t e  appears  t o  be n e i t h e r  adequately 
guarded a g a i n s t  n o r  discussed.  " 

ERDA Response: 

Waste h a d l i n g  w a s  d i scussed  i r ?  conaiderab1.e d e t a i l  i n  t h e  PFES. 
waste handl ing systems were desc r ibed  i n  Sections 4.5 and 4.6 of Volume I1 
of t h e  PFES and f u t u r e  systems were d i scussed  i n  Sec t ion  7.3 of Volune IV. 
Addi t iona l  i n f o n a t i o n  on t h e  vaste w a g e m e n t  progriln is provided i n  

P resen t  
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Sect ion  I11 D of t h e  F i n a l  Environmental Statement.  
s u f f i c i e n t  f u l l y  o p e r a t i o n a l  f u e l  reprocess ing  f a c i l i t i e s  are not  
a v a i l a b l e  a t  t h e  present  t i m e .  
to  s ta te  t h a t  t h e r e  is no prospect  t h s t  t h i s  shor tage  w i l l  soon be 
remedied. 
Serv ices  f u e l  reprccessing p i a n t  near  Barnwell, S. C. wil l  begin opera- 
t i o n  i n  t h e  near  fu ture .  I n  any event ,  i t  is expected t h a t  s u f f i c i e n t  
s p e n t  f u e l  s t o r a g e  capac i ty  w i l l  be made a v a i l a b l e  using r e a c t o r  s t o r a g e  
basins, expanded i f  necessary,  and e x i s t i n g  and pro jec ted  s t o r a g e  
c a p a c i t y  a t  f u e l  reprocessing p l a n t s  ( a t  Morris,  Ill., Barnwell, S.C. 
and West Val ley,  M.Y.) t o  preclude a "s torage problem of i m e n s e  
propor t ions  with no immediate s o l u t i o n s  i n  s ight ."  
ERDA report--"1975-1984, LWR Spent Fuel Dispos i t ion  C a p a b i l i t i e s  , ' I  

ERDA-25 f o r  a d d i t i o n a l  i n f o r n a t i o n  on t h e  s t o r a g e  of spent  f u e l .  The 
safeguards t o  prevent  t h e  d i v e r s i o n  of plutonium o r  r a d i a o c t i v e  wastes 
were discussed i n  Sec t ion  7.4 of Volume I V  of t h e  PFES and addi t ' lonal  
i n f o m a t i o n  on the  safeguards program is  provided i n  Sec t ion  111 C of 
t h e  FES. 

It is true t h a t  

However, i t  1s not  s t r i c t l y  c o r r e c t  

It is p r e s e n t l y  expected t h a t  t h e  Allied-General Nuclear 

See t h e  Harch, 1975 

Comment (p. 2): 

"The d a t a  presented i n  t h e  s e c t i o n s  on a l t e r n a t i v e  f o s s i l  f u e l s  
are o u t  of d a t e ;  a t  t h e  ninimum, re ferences  t o  t h e  re levant  
P r o j e c t  Independence Task Force r e p o r t s  should be added. 
s e c t i o n s  have t h e  appearance of good l i t e r a t u r e  searches  by 
i n d i v i d u a l s  lack ing  p r i o r  s p e c i f i c  knowledge of f o s s i l  f u e l s .  
I n  genera l ,  t h e  p o t e n t i a l  c o n t r i b u t i o n s  of nonatomic energy 
sources  t o  our  economy appear t o  be understated." 

Some 

ERDA Response: 

Concerning your comment on updating information,  we are s u r e  you 
recognize t h e  d i f f i c u l t y  of keeping a l l  material c u r r e n t  i n  a publ i -  
c a t i o n  of t h e  scope and magnitude of t h e  LMFBR Program Environmental 
Statement.  
any new i n f o m a t i o n ,  inc luding  t h a t  i n  t h e  P r o j e c t  Independence r e p o r t s ,  
and make an assessnent  r e l a t i v e  to  whether i t  would change t h e  con- 
c l u s i o n s  reached i n  t h e  PPES. 
publ ished as an addendum; o t h e r v i s e  t h e  e f f o r t  involved i n  updating 
would not  seem j u s t i f i e d .  

Our approach i n  prepar ing  t h e  F i n a l  Statement w a s  t o  review 

I f  so, we prepared new reaterial t o  be 

With r e s p e c t  t o  your comment t h a t  non-nuclear c o n t r i b u t i o n s  appear t o  be 
unders ta ted ,  you should note  t k t  a number of cos t -benef i t  s t u d i e s  were 
run (see Sec t ion  11) inc luding  sone t h a t  assume a phaseout of a l l  nuclear  
cont r ibu t ions .  The r e s u l t s  oE these  s t u d i e s  demonstrated, we b e l i e v e ,  
t h e  Importance of developing a breeder  reactDr.  
non-nuclear energy sources  provided at l e a a t  65% of our  t o t a l  n a t i o n a l  

I n  a l l  cases examined, 
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energy need i n  the  year  2000. 
a l t e r n a t i v e  energy option strategies are presented i n  Sect ion IIX F of 
the  FES. 

Additional cost-benefit  analyses  including 

Spec i f ic  Comments 

Comment (P. 3): 

"Volume I, Subsection 1.6.1.2. 
Nonnuclear Ener.q Production Systems 
There are no problems foreseen t o  l i m i t  t he  use of coa l  by 
electric u t i l i t i e s  t o  the  ex ten t  suggested. 
develop systems t o  con t ro l  t he  environment by the  use of coa l  
would appear t o  be no more formidable than those involving the  
LEIFBR. The use of coa l  f o r  home heat ing is cur ren t ly  l imi ted  
and its use w i l l  undoubtedly dec l ine  i n  the  future." 

Increased Use of Current 

The e f f o r t s  t o  

ERDA Response: 

Since the  referenced sec t ion  of the  PPES contains  no quan t i t a t ive  d a t a  
on the  l i m i t s  t o  coal  use, w e  are uncertain as t o  the  source of your 
object ion.  
problems assoc ia ted  with the use of coa l  and "Research and development 
e f f o r t s  t h a t  are being i n t e n s i f i e d  t o  f ind  means f o r  a l l e v i a t i n g  these 
problems must be successfu l  i f  coa l  is t o  maintain o r  increase  its cur ren t  
r o l e  i n  the  power generation market." 
coa l  is  necessary i f  we a r e  t o  meet our short-term and medium-term 
energy goals;  t he  coa l  RhD program has good p o t e n t i a l  f o r  success,  bu t  
we still  be l ieve  t h i s  success is necessary i f  coa l  is t o  maintain o r  
increase  its share  of t he  power generation market. 
your cormnent on hone-heating. i t  would s e e m  l i k e l y  t h a t  the  successfu l  
development of coal-conversion processes  (e.g., p ipe l ine  gas) could 
increase the  home-heating market f o r  coal .  

Tine P F E S  did poin t  out  t h a t  there  are major environmental 

We agree t h a t  increased use of 

With reference t o  

Comment (p. 3): 

"Volume 2, Subsection 4.1.2. Ava i l ab i l i t y  of Plutonium and 
Uranium 
The Energy Research and Development Administration (ERDA) 
s tockp i l e  of depleted uranium, recent ly  reported t o  be 
220,000 tons i n  form of depleted UFg, is not included i n  
Sect ion 4 o r  i n  Section 5, although i t  would be of s ign i -  
f icance in t he  LMFaR program. This s tockp i l e  represents  
a l a r g e  supply of f e r t i l e  uranium f o r  use i n  the  LYFBR and 
is approximately equal  t o  the  production of depleted 
uranium, projected i n  Table 4.1-1, page 4.1-8, f o r  1973- 
1984. The uaintanancz, processing, and t ranspor ta t ion  of 
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t h i s  s t o c k p i l e  m a t e r i a l  would have s i g n i f i c a n t  environ- 
mental and economic impact." 

EXDA Response: 

The omission of t h i s  s t o c k p i l e  w a s  a r b i t r a r y  s i n c e  it is  government- 
owned and is s m a l l  when compared w i t h  t h e  1,530,186 metric t o n s  of 
dep le t ed  m(3 p r o j e c t e d  t o  be a v a i l a b l e  by t h e  y e a r  2000 as a by- 
product  o f  t he  nuc lea r  r e a c t o r  power program (Table 4.1-1, p. 4.1-8). 
However, i t  was noted on p. 4.1-7 of Volume 11 along w i t h  the  obse rva t ion  
t h a t  it could be used f o r  f u e l  in LPiFBRs. The environmental  impact of 
uF6 i n  t h e  M E R  f u e l  cyc le  has  been a s ses sed  i n  Sec t ion  4.3 (Fuel  
F a b r i c a t i o n )  and in Sec t ion  4.5 (Transportat ion)  of t h e  Proposed F i n a l  
Statement.  Thus t h e  i n f o m a a t i o n  r equ i r ed  f o r  a s s e s s i n g  t h e  environmental  
impact of t h i s  s t o c k p i l e ,  i f  used in LMFBRs, is a l r eady  a v a i l a b l e  i n  t h e  
Statement.  The environmental  i n p a c t  of t h e  f u e l  cyc le  is independent of 
which s t o c k p i l e  is used as a source  of f e r t i l e  m a t e r i a l  f o r  W B R s .  

Comment (p. 3): 

"Volume 2, Subsect ion 4.4.1.2 S t a t u s  of Re?mocesslng Technologv 
This  Subsect ion i n d i c a t e s  t h a t  t he  r ep rocess ing  of spenc U F E R  
f u e l s  is t h e  s u b j e c t  of a 2evelopment program t h a t  is e m e c t e d  
t o  be  s u c c e s s f d .  However, t h e  r ep rocess ing  of spen t  f u e l s  in 
t h e  i i g h t  wa te r  r e a c t o r  program has no t  been s u c c e s s f u l l y  demon- 
s t r a t e d  on a commercial s c a l e ,  azd a shor t age  of r ep rocess ing  
c a p a c i t y  is becoming a s e r i o u s  problem. 
f o r  a p r e d i c t i o n  t h a t  LWSR f u e l  r ep rocess ing  technology w i l l  
be developed when needed." 

There is l i t t l e  b a s i s  

- ERDA Response: 

The rep rocess ing  of s p e n t  LWR f u e l  and of f u t u r e  LMFBR f u e l  re l ies  on w e l l  
e s t a b l i s h e d  technology-the Purex s o l v e n t  e x t r a c t i o n  p rocess  which has  
been used s u c c e s s f u l l y  i n  s e v e r a l  commercial-scale f a c i l i t i e s  a t  t h e  
Ranford and Savannah River p l a n t s  f o r  ove r  20 yea r s .  The first commercial 
LWR f u e l  r ep rocess ing  p l a n t  (Nuclear Fuel Se rv ices )  used t h e  Purex p rocess  
in recovering va lues  from 245 metric t o n s  of spen t  f u e l ,  from which over a 
t o n  of plutonium w a s  s epa ra t ed  and p u r i f i e d .  
c u l t i e s  were encountered, which can be c o r r e c t e d  if t h e  owners proceed 
w i t h  s t a t e d  p l ans  t o  modify and i n c r e a s e  t h e  c a p a c i t y  of the  p l a n t .  

For  LMFBR f u e l ,  a head-end process  f o r  conve r t ing  t h e  s p e n t  f u e l  i n t o  
a feed s o l u t i o n  compatible wi th  the Purex p rocess  is under development. 
There is r e a l l y  no ques t ion  t h a t  t h i s  can be done, b u t  i t  w i l l  r e q u i r e  
a c a r e f u l  development and demonstration program t o  a s s u r e  t h a t  a r e l i a b l e  
and maintainable  process  has  been achieved. 

S e v e r a l  o p e r a t i o n a l  d i f f i -  
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Comment (p. 3) : 

"Volume 3 ,  Subsect ion 6Al.1.2. 
Reserves at c u t o f f  c o s t  of $8 p e r  pound U303, and even t h o s e  
at  $10, appear  u n r e a l i s t i c  i n  view of p r i c e  i n c r e a s e s  l ead ing  
t o  a market p r i c e  of $16 p e r  pound U30g i n  e a r l y  1975. Also, 
i t  is d o u b t f u l  t h a t  reserves can be mined at  t h e  i n d i c a t e d  
costs because of r e c e n t  i n c r e a s e s  i n  o p c r a t i n g  c o s t s .  The 
reserve-resource p o s i t i o n  i s  changing because of con t inu ing  
i n c r e a s e s  i n  o p e r a t i n g  costs  and market p r i c e s . "  

Extent  of Energy Resources 

EXDA Response: 

Based on d a t a  fu rn i shed  by t h e  uraqium mining i n d u s t r y ,  !ZDA re-assesses 
its estimates of U.S. uranium reserves annual ly .  The la tes t  assessment 
is given i n  t h e  fo l lowing  Table:  

E s t i n a t e d  Uranium 9 r e  Reserves,  January 1, 1975 
Cutoff Costs 

$ / l b  U308 

$8 
$10 
$15 
$30 

Short  Tons U308 

200,000 
315,000* 
420 ,000* 
600,0CO* 

*Includes the lower cost reserves 

Addit ions t o  $8 reserves i n  1374 ccntainec! an e s t i n a t e d  13,000 tons of 
U308. However, 12,600 tons  of U308 were mined and shinped t o  mills, 
and 77,000 tons  were s u b t r a c t e d  fron t h e  p r i o r  yea r  e s t i n a t e  of 
277,090 t o n s  and added t o  h i s h e r  c o s t  reserves. This  adjastment  was 
primarily due t o  i n f l a t i o n .  

Estimated operatin:: and forward c a p i t a l  c o s t s  are used by E M A .  P r o f i t  
and Ilsunk" c o s t s ,  such as expend i tu re s  f o r  p rope r ty  a c q u i s i t i o n ,  e x p l o r a t i o n  
and mine developnent ,  are n o t  included.  The re fo re ,  t h e  c u t o f f  c o s t  
f i g u r e s  do no t  r e p r e s e n t  t h e  p r i c e  a t  which t h e  e s t ima ted  reserve would 
b e  s o l d .  

Comment (p. 4 ) :  

"Volume 3 ,  Subsec t ion  6Al.1.2.3. Est imated A v a i l ~ b i l i t y  and 
Canswsption of L'raniun 
Requirements of 12,000 tons  C?OF( p e r  pear should b e  de f ined  as 
w e - b e l i e v e  a c t u a l  needs as f i c s t - c o r e  a n d  replacement f u e l s  are 
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probably only about half  t h a t  amount. 
tons u308 may be market commitments o r  enrichment feedstock 
demand. 'I 

W e  suggest t he  12,000 

ERDA Response : 

The poin t  is  w e l l  taken. The sentence should read: 
In  the  U.S. is cu r ren t ly  a t  a rate of about 12,000 tons of u308 per  year ..." 
(See rev is ion  t o  text i n  Sect ion I11 A of t he  FES.) 

"Uranium production 

Comment (p. 4): 

"Volume 3, Subsection 6A1.1.2.4. Po ten t i a l  E f fec t  of Advanced 
Enrichment Process on Resource Consenration 
We do not  know why gas cent r i fuge  enrichment is no t  included 
here ,  even though the  technology is more advanced than t h a t  
f o r  laser enrichment ." 

ERDA Response: 

The gas cent r i fuge  process  would ev ident ly  not  hove a s i g n i f i c a n t  impact 
on U-235 conservatfon i n  comparison with prospect ive laser enrichment 
prccsesos,  and sc was not  discussed in t h i s  subssct ion.  The footnote  on 
page 6A.1-21 d i r e c t s  the  in t e re s t ed  reader  t o  a reference containing 
information on prospect ive cent r i fuge  enrichment c o s t s  i n  coniparison wich 
those of the  gaseous d i f fus ion  process.  

Comment (P. 4): 

"Volume 3, Subsection 6A1.2.2 Extent of Enerw Resource 
Thorium resources  reported i n  Tables 6A1-15 and 6A1-16 are 
d i f f e r e n t  fron: those reported by the  Bureau of Mines and 
the  Geological Survey. Havever, these  Tables subs t an t i a t e  
t he  lack  of a thorium resource problem." 

ERDA Response : 

The Bureau of Mines and Geologic Survey f igu res  could e a s i l y  be used i n  
l i e u  of those found i n  o the r  source documents. Hwever,  as noted, t he  
In ten t  w a s  merely t o  poin t  out  an apparent ly  adequace resource base f o r  
thorium fue l s .  

Comment (p. 4): 

"Volume 3, 6A2. 
Power Generation 

FossfL Fuels for Central  S t a t ion  Electric 
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The Table on iiie cont r ibu t ion  of f o s s i l  f u e l s  t o  our  t o t a l  
energy needs contains  seve ra l  e r ro r s .  Also, t he  da t e  of 
t he  da t a  should be shown. The o i l  production shown is crude 
o i l  only,  while na tu ra l  gas l i q u i d s  appear t o  be included i n  
imports. 
t he  amount of ne t  exports .  The na tu ra l  gas da ta  do not  
correspond t o  the Bureau of Mines da ta  f o r  1972, which other-  
wise appears t o  be the  da t a  of the  Table. The Bureau of 
Mines da t a  are shown on page 44 of the  1973 Mineral Indus t ry  
Survey .'I 

Coal production should exceed coa l  consumption by 

ERDA Response: 

The Table on p. f d - 1  of t he  PPES, taken from r e f .  1 ( O c t .  19731, w a s  
not  intended t o  be a most-current s t a t i s t i c a l  d iges t  r e f l e c t i n g  the  
la tes t  minute changes i n  the cont r ibu t ions  of var ious primary f u e l s  t o  
t he  t o t a l  na t iona l  energy consumption. The poin t  is t h a t  t he  fue l s  
with the  smallest indigenous =serve base, o i l  and na tu ra l  gas, have 
been (and a re )  j o i n t l y  supplying about 75X of the  t o t a l  energy consumed 
i n  the  U.S. 

Comment (p. 4): 

"Volume 3, 6A2.1.1.3. S t a tus  
The Bureau of Mines es t imates  t h a t  31.6 percent  of economically 
recoverable coa l  can be obtained from sur face  mines (see 
Mineral Industry Survey, 'Demonstrated Coal Reserve Base of the  
United S t a t e s  on January 1, 1974'). Coal production increased 
from 416 mi l l ion  tons i n  1960 t o  603 mi l l ion  tons i n  1970. 
Although the  number of mines decreased, t he re  w a s  a marked 
increase  i n  the  s i z e  of new mines. Competition from cheap 
n a t u r a l  gas and increased o i l  importation was not  as re- 
s t r i c t i v e  on coa l  demand as is suggested." 

ERDA Response : 

As ind ica ted  on p. 662-4, t he re  is some uncer ta in ty  regarding the  
s t r i p p a b l e  f r ac t ion ,  and esti-mates have ranged as high as %3S%. 
Bureau of Mines estimates, as reported i n  Weekly Energy Report, 
(pp. 6-7, July 15, 1974), g ives  a t o t a l  minable reserve  of 434 b i l l i o n  
tons,  composed of 297 b i l l i o n  tons  by underground mining and 137 
b i l l i o n  tons by sur face  mining, which corresponds t o  31 .G s t r ippab le .  
Of t he  su r face  mining component, about 67 b i l l i o n  tons  are regarded as 
economically access ib le ,  which corresponds t o  15.4% economically 
ex t r ac t ab le  by s t r i p  mining. 
span c i t e d  i n  the '  PFES. 

The 

This  estimate falls with in  the  3 t o  18% 
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Your ind ica ted  increase i n  domestic coa l  production between 1960 and 
1970, which corresponds t o  a compound growth rate of 3.8Xlyr., is 
accurate .  The production rate i n  every year  s ince  1970, however, has 
been lower, 
by about 5% and the  ne t  annual production rate w i l l  doubt less  increase  
markedly i n  the  fu ture .  

CY 1975 coal production is expected t o  exceed t h a t  f o r  1970 

We do agree with your las t  statement.  
of t he  PFES are the  reasons,  from all ava i l ab le  information, €or  few new 
coa l  mines being opened during the  1960's. 

The f i v e  f ac to r s  c i t e d  on p.  6A2-4 

Comment (p. 5): 

"Page 6A2-54 
The statement regarding 'one-third mineral  matter' should be 
checked. O i l  sha le  is more near ly  85 percent mineral  matter." 

ERDA Response: 

The statement regarding mineral  matter i n  o i l  sha l e  should read "general ly  
contains  over one-half mineral matter." For 16 samples of Green River 
oil sha le s  with grades (assays) of 10.5 t o  75.0 gal lons  o i l / t o n  sha le ,  
the  icorgaz ic  d n e r a l  cantent  var ied from 43% (mtn.) t o  63X (avg.) t o  
93% (max.); see p. 4 1  of Synthet ic  Fuels Data Handbook (Cameron 
Engineers, Inc., 1975). 

Comment (p. 5 ) :  

"Page 6.42-56, toward bottom of page 
The 24 mi l l ion  is the f igu re  f o r  metric tons.  A more recent  
f i gu re  could be given but  a f a i r  i nd ica t ion  of growth is 
ind ica ted  i n  the  last p a r t  of the  l a s t  sentence on t h i s  page." 

ERDA Response: 

Difference between shor t  and metric tons  is %lo%, which is probably 
less than the  uncertainty in the  c i t e d  1971 Soviet  o i l  sha le  production. 

Comment (p. 5): 

"Page 6A2-57, middle of page 
W e  suggest mentioning the  Mowining sha le  cen te r  i n  the  
Provinie  of Kwang Tuig, which probably produces more 
sha le  o i l  now tha? the Manchurian o i l  sha l e  f a c i l i t i e s . "  
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ERDA Response: 

We do uot  know the  s ta tus  of the  sha le  cen te r  i n  Kwang Tung Province. 
To the  b e s t  of our knowledge the  information i n  the  PFES is accurate .  

Comment (P. 5 ) :  

"Page 6A2-57, next paragraph 
The s ta ted v i e w s  about o i l  sha l e  i n  t h i s  paragraph should 
be de le ted  unless  t he re  is  good reason t o  be l ieve  . that  it 
is well-founded and t h a t  Federal  po l icy  would promulgate 
t h i s  viewpoint . I '  

ERDA Response: 

The v i e w s  s t a t e d  are not necessar i ly  those of ERDA but  w e r e  reported by 
Gustafson (ref .  85) and by Welles ( r e f .  88) and have been expressed by 
many for decades. 
last paragraph on p. 6A.2-57, w i l l  be re ta ined .  

This  c r i t i c a l  viewpoint, which is  balanced by the  

C O ~ U t  (p.  5): 

"Page 61\2-58> top of page 
This sentence,  which begins on the  preceding page. without 
any o the r  information t o  acconpanp i t ,  e spec ia l ly  recent  
information, does not give an adequate descr ip t ion  of sha le  
o i l  economics. ' I  

- ERDA Response : 

The sub jec t  sentence i s n ' t  intended t o  give an adequate descr ip t ion  of 
sha le  oil economics. 
as s t a t e d ,  and is  i n  the  sec t ion  t i t l e d  "His tor ica l  Aspects and Status." 

It is s inply  a conclusion reached by Pr ien  i n  1971, 

Comment (p. 5): 

"Page 6A2-58, next sentence 
Prototype l eas in% has mre than j u s t  begun. Four t r a c t s  
have already been leased. 
were of fered  but  d id  not  a t t r a c t  any bids." 

Two o the r s ,  the Wyoming t r a c t s ,  

ERDA Response : 

The information i n  the  PFES w a s  cur ren t  at  the  t i m e  i t  was wr i t t en .  It 
is t r u e  t h a t  two add i t iona l  t r a c t s  have s ince  been leased.  
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Comment (p. 5):  

"Page 6A2-58, same paragrach, l a s t  sentence 
It would not  be accura te  t o  say t h a t  t h e  goal  of t h e  l e a s i n g  
program is production of 1 m i l l i o n  b a r r e l s  p e r  day. 
is no o t h e r  l e a s i n g  program a t  present." 

There 

ERDA Response: 

Your cominent is v a l i d .  Although t h e  l e a s i n g  program Environmental S ta te -  
ment considered t h e  impact of producing 1 m i l l i o n  b a r r e l s  p e r  day by 1985, 
apparent ly  a d d i t i o n a l  l e a s i n g  programs not  covered i n  t h e  Environmental 
Statement would be required t o  accomplish t h e  1 m i l l i o n  b a r r e l l d a y  goal. 

Comment (p. 5): 

"Page 6A2-62, top  of page 
It i s  suggested t h a t  ' i n  some r e t o r t s '  be i n s e r t e d  i n  
connection with t h e  2200'F." 

ERDA Response: 

Regarding t h e  220C)OF, t h i s  is s l r e z d y  q u a l i f i e d  by ' ' local tz=rperaturez 
as high as about.. ." 
Comment (p. 5) : 

"Page 6A2-62, next paragraph 
Some of t h e  gas is recycled,  bu t  some is vented from 
t h e  system." 

ERDA Response: 

The t e x t  wording is a l ready  q u a l i f i e d  by "usual ly  recycled." 

Comment (p. 6):  

"Page 6A2-65 and Page 61\2-66, toward bottom of paTe 
Cost f i g u r e s  go a u t  of d a t e  q u i t e  rap id ly .  It would be 
b e t t e r  t o  mention more recent  estimates, o r  i n  some way 
acknowledge t h e  rap id  e s c a l a t i o n .  
O i l  Shale  Task Force report ." 

See P r o j e c t  Independence 
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EBDA Response: 

Cost estimates f o r  s h a l e  o i l  production have indeed r i s e n  t o  approximately 
f o u r  t imes t h e  c o s t s  published in t h e  F a l l  of 1973. Some r e c e n t  e s t i m a t e s  
are *$l l /bbl .  S t i l l  la ter  estimates are up t o  $14/bbl (see Weekly Energy 
Report ,  p. 6 ,  A p r i l  28, 1975). This tends t o  s t rengthen  t h e  conclusion 
t h a t  o i l  from s h a l e s  w i l l  no t  be an alternative t o  t h e  LMFBR f o r  power 
product ion.  

Comment (p. 6): 

*'Page 64\2-67, toward t a p  of pa= 
The sentence descr ib ing  s h a l e  o i l  as 'more than  competi t ive '  
does not  give a proper  p i c t u r e  of the  economic s t a t u s  of 
s h a l e  o i l .  
O i l  Shale Task Fore2 report ."  

We suggest  re ferenc ing  t h e  P r o j e c t  Independence 

ERDA Response : 

The s u b j e c t  sentence on p. 6A.2-67 is a quote  from P r i e n  (see bottom of 
p. 6A.2-57 and top of p. 6A.2-58 of the  P E S ) ,  r e l a t e d  t o  the immediately 
preceding c o s t  estimzte announced by TOSCO i n  1971. 

Comment (p. 6) : 

''Volume 3, 6A4. Geothermal Energy 
This r e p o r t  overlooks t h e  n o n - e l e c t r i c a l  a p p l i c a t i o n s  which 
would reduce t h e  demand f o r  e l e c t r i c i t y  as opposed t o  i n c r e a s i n g  
supply. 
implying t h a t  geothermal may not  be a v a i l a b l e  i n  t i m e ,  is mis- 
leading.  A t  b e s t  i t  is a ques t ion  of timing, for the t e c h n i c a l  
problems are less severe  than many which have been faced i n  t h e  
p a s t ,  t h e  prime example being nuc lear  energy." 

The emphasis i n  t h e  las t  paragraph on t h e  word may, 

ERDA Response: 

The PFES n o t e s  (see p. 6A.4-31) t h e  p o t e n t i a l  u s e s  of geothermal energy 
for  o t h e r  than e l e c t r i c i t y  product ion inc luding  producing: (1) d e s a l t e d  
water, (2) commercial minerals  and gases ,  2nd (3) process  or space hea t .  
It is t r u e  t h a t  no c r e d i t  f o r  reduced e l e c t r i c i t y  demand a s  a consequence 
of these  p o t e n t i a l  a p p i i c a t i o n s  vas considered because t h i s  would be 
minor. The use of geothermal energy f o r  producing d e s a l t e d  water  and 
i n d u s t r i a l  process  hea t  would d i s p l a c e  t h e  f u e l s  normally used in these  
appl icat ions--present ly  gas and o i l .  To have a s i g n i f i c a n t  i a p a c t  on 
e l e c t r i c i t y  consumption f o r  home hea t ing  would r e q u i r e  t h a t  geothermal 
r e s e r v o i r s  and populat ion c e n t e r s  coincide;  t h i s  is p r e s e n t l y  n o t  t h e  
case.  
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Concerning your comment t h a t  t h e  word "map" impl ies  t h a t  geothermal e n e r w  
(*my not  be a v a i l a b l e  i n  t i m e , "  we can only note  t h a t  i f  t h e  t iming of 
geothermal energy development is on t h e  maximum schedule .envisioned by 
mst e x p e r t s ,  t h e  development of advanced c o a l  and nuc lear  energy systems 
would s t i l l  be required.  

Comment (p. 6 ) :  

"Volume 3 ,  6A2.2.2 Natura l  Gas and O i l  
The d a t a  c i t e d  on domestic o i l  and gas product ion,  consumption, 
and d e f i c i t s  2re a l l  ' p r e - c r i s i s '  and do not  r e f l e c t  cur ren t  
t reads .  
be useful .  

A re ference  t o  t h e  P r o j e c t  Independence r e p o r t  would 

"The probable cost  of Arctic gas now greatly exceeds t h e  
$1.10 p e r  Mcf which is ci ted."  

ERDA Response: 

Domestic o i l  and n a t u r a l  gas reserves  cont inue t o  be deple ted  and were 
smaller a t  t h e  end of CY 1974 (34.3 b i l l i o n  b a r r e l s  and 237.1 TCF, 
respec t ive ly)  than a year  earlier. 

Concerning Arctic gas ,  a t  l e a s t  $l.lO/MCF is t h e  t e x t  wording; the probable 
cost is nov %$2/NCF and w i l l  l i k e l y  rise t o  %$3/MCF by t h e  t i n e  i t ' s  xade 
ava i lab le .  
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1721-19th S t r e e t ,  N. i. 
',,'/ashington, D.C .  20009 
A p r i l  26,  1975 

PJr. Z. H. Pennington 
Assessment Off icer  
U, S , Energy Research and Development Administration 
Washington, D.C. 20545 

Dear Lir. Pemington: 

I am unalterably opposed t o  the develogment o f  
the l i qu id  fas t  metal breeder reac tor  because o f  
the emphasis on the  use of _olutonium and the  
r e s u l t i n g  unconscionable r i s k  t o  the sa fe ty  a d  
hea l th  of the public and fu ture  generatione. 
It would be a legacy fraught with p e r i l  and 
incalculable  d i f f i c u l t i e s ,  reason of i t s e l f  
t o  r e j e c t  the program as a r a t i o n a l  answer t o  o u r  
energy needs. 

The vu lne rab i l i t y  of a l l  segments o f  the  project  
t o  sabotage and terror ism w i l l  pose secu r i ty  
problems t h a t  w i l l  inev i tab ly  threa ten  our. 
a l ready eroded c i v i l  l i b e r t i e s .  

F ina l ly ,  the  cost  overruns a re  of a nagnitude 
tha t  would be b e t t e r  applied in the  development 
of non-nuclear energy sources. 

Any one o f  the  above arguments should, in my opinion, 
be s m i c i e n t  t o  jus t i fy  terminating the  program. 
Taken together ,  they cons t i t u t e  an i r r e f u t c b l e  case. 

Very t r u l y  yours, 
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UNITED STATES 

EN E R G Y R ES E A R C H A P! G 0 E V E L 0 P?J E N T A 5 P.4 I N I ST RAT I 0 N 
WASHINGTON. D.C. 20545 

Ms. Wanda B o l l e n t i n  
1721 1 9 t h  S t r e e t ,  X . W .  
Washington, D.C. 20009 

Dear M s .  B o l l e n t i n :  

l hank  you f o r  your l e t te r  of A p r i l  26, 1975 commenting'on t h e  L iqu id  
&tal F a s t  S r e e d e r  Reactor  ( L I F E R )  P r o g r m .  Your comIIient on "the u s e  
of plutonium and t h e  r e s u l t i n g  uncor sc ionab le  r i s k s  t o  che s a f e r y  of 
and h e a l t h  of t h e  p u b l i c  and f u t u r e  gene ra t ions"  encornpasses a i1wbSe.r 

of i s s u e s .  These i s s u e s  have been e x t e n s i v e l y  exanined i n  WXSli-1.535, 
"Proposed F i n a l  E n v i r o n m n t a l  S t a t e 3 e n t  on t h e  L iqu id  Veta1 F a s t  
Breeder  Reactor  P r o g r m , "  mst s p e c i f i c a l l y  In Volume I1 of that  
docucent .  !IXSH-1535 h z s  been i n c o r p o r a t e d  as S e c t i o n  11 of t h e  F i n a i  
Env i ronxen ta l  S t a t m e n t  (FES) and supp le -en ta l  u n t e r i a l  b e a r i n g  upon 
t h e  s a f e t y  of L'lFBR's and t h e  environmental  i s s u e s  re lat ing  t o  'ua3tc 
managenent and s a f e g u a r d s  are provided i n  S e c t i o n  111 of t h e  FES. 

Your connent t h a t  "Tl~r v u l n e r a b i l i t y  o f  a l l  segments of the p r o j e c t  t o  
s a b o t a g e  and t e r ro r i s rn  vi11 pose s e c u r i t y  p r o b l e m  t h a t  will i c e v i t a b l y  
t h r e a t e n  ou r  a l r e a d y  eroded c i v i l  l i b e r t i e s , "  is  n o t  sunpor t ed  by t h e  
s a f e g u a r d s  r eco rd  of t!ie n u c l e a r  ir?dt;stry.  From t h e  beg inn ing  of t h e  
a tomic  energy program i n  t h e  United S t a t e s ,  t h e  s a f e g u a r d s  s y s t e n  h a s  
been con t inuous ly  modified as a p p r o p r i a t e  t o  re f lec t  t h e  p r m t h  of 
n u c l e a r  a c t i v i t i e s ,  b o t h  m i l i t a r y  arid c o m e r c i a l ,  arid changes i n  
technology and in s o c i a l  c o n d i t i o n s .  Although q u e s t i o n s  have been  
r a i s e d  on t h e  adequacy of s a f e g u a r d s ,  t o  d a t e  t h e r e  h a s  n e v e r  been an  
i n s t a n c e  of t h e  t h e f t  or d i sappea rance  of s i g n i f i c a n t  q u a n t i t i e s  of  
s p e c i a l  n u c l e a r  ca te r ia l .  Recognizing t h a t  s a f e g u a r d s  needs c o n t i n u e  
to  change, t h e  Nuclear Regulatory Commission is conduc t ing  tvo conpre- 
h e n s i v e  s a f e g u a r d s  s t u d i e s  -- one i n  connec t ion  w i t h  t h e  imp lenen ta t ion  
of plutonium r e c y c l e  and t h e  o t h e r  conce rn icg  t h e  need f o r  a f e d e r a l  
guard f o r c e  to sa fegua rd  s p e c i a l  n u c l e a r  n a c e r i a l .  I n  bo th  s t u d i e s ,  
t h e  c i v i l  l i j e t t i e s  a s p e c t s  of proposed s a f e g u a r d s  systems are b e i n g  
c a r e f u l l y  eva lua ted .  
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A copy of the Final Environmental Statement is  enclosed for your 
Information. I t  is  hoped that your review of the Statement w i l l  
a l l ev ia te  your concerns. 
Program. 

Thank you for  your interest  i n  the LMFBR 

Sincerely, wL Ja s L. Liverman 
stant  Administrator for 
vironment and Safety 

Enclosure: 
Final Environmental Statement, 
LMPBB Program 
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FEDERAL ENERGY ADMINISTRATION 
WASHINGTON. D.C. 20461 

May 1, 1975 
OFFICE OF THE ASSISTANT ADMINISTRATOX 

FEA 75-34 

M r .  James L. Liverman 
Act ing  Deputy A s s i s t a n t  Admin i s t r a to r  

f o r  Environment and S a f e t y  
Energy Research and Development 

Admin i s t r a t ion  
Washington, D.C. 20545 

Dear M r .  Liverman: 

Th i s  i s  i n  response  t o  your  l e t te r  of  January 1 7 ,  1975, 
r e q u e s t i n g  o u r  comments on E R D A ' s  Proposed F i n a l  Environ- 
mental  S ta tement ,  WASH-1535 - Liquid Metal F a s t  Breeder  
Reactor (LMFBR) Program. 

W e  f i n d  t h a t  ERDA has  p re sen ted  a comprehensive a n a l y s i s  
of  t h e  LMFBR's environmental  impacts .  

Our comments addres s  e lectr ical  energy demand p r o j e c t i o n s ,  
LMFBR program element  comments, LMFBR s a f e t y ,  and plutonium 
c a r c i n o g e n i c i t y .  

W e  f i n d  t h a t  p r o j e c t i o n s  i n  t h e  EIS €or electrical  energy 
demand are based on in fo rma t ion  e x i s t i n g  about  a y e a r  ago. 
FEA has  under way a number of  n a t i o n a l  conse rva t ion  and 
demand management programs which w e  b e l i e v e  w i l l  h e l p  
reduce t h e  growth of  demand i n  t h e  n e x t  10 y e a r s  t o  about  
5% p e r  y e a r ,  and i n  t h e  p e r i o d ,  1985 t o  2000 ,  t o  about  6% 
p e r  year .  These reduced growth rates, i f  ach ieved ,  would 
r e s u l t  i n  e lectr ical  demand dur ing  t h e  p e r i o d ,  1985 t o  2000, 
which is about  25% lower than  t h e  ERDA estimate. 

This  reduced demand p r o j e c t i o n  may provide  a d d i t i o n a l  
f l e x i b i l i t y  i n  deve loping  o u r  domest ic  f u e l  r e sources .  
However, even t h i s  reduced c a p a c i t y  requirement  cannot  be  
f u l l y  m e t  by o t h e r  domest ic  f u e l s  u s ing  c u r r e n t  and p r o j e c t e d  
t echno log ie s .  The re fo re ,  w e  are dependent on t h e  cont inued  
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use  of n u c l e a r  genera ted  e l e c t r i c i t y  t o  m e e t  o u r  needs.  W e  
must recognize  t h a t  t h e  v i a b i l i t y  of  t h e  nuc lea r  o p t i o n  
beyond t h e  mid-1980's depends on cont inued  a v a i l a b i l i t y  of 
n u c l e a r  f u e l s  and, i n  p a r t i c u l a r ,  on t h e  demonst ra t ion  of 
commercial b reede r  reactors. For  t h e s e  r easons ,  and i n  view of 
t h e  schedu la r  u n c e r t a i n t i e s  involved  i n  b r i n g i n g  any new and 
complex technology t o  t h e  p o i n t  o f  commercial a p p l i c a t i o n ,  it 
is  e s p e c i a l l y  impor tan t  t o  con t inue  w i t h  ERDA's  p r e s e n t  LMFBR 
demonst ra t ion  program. 

Whereas w e  b e l i e v e  it i s  i n  t h e  best i n t e r e s t  of t h e  Nat ion 
t o  con t inue  t h e  b reede r  demonst ra t ions ,  w e  encourage ERDA 
t o  c o n t i n u e  t h e  p a r a l l e l  development o f  direct  s o l a r  convery 
s i o n  and f u s i o n  programs such  t h a t  t hey  may c o n t r i b u t e  
s u b s t a n t i a l l y  t o  our energy base  sometime i n  t h e  nex t  cen tury .  
However, bo th  of t h e s e  a l t e r n a t i v e s  have s u b s t a n t i a l  techno- 
l o g i c a l  problems, and t h e r e f o r e  t h e  b reede r  reactor may prove 
c r i t i c a l  i n  s a t i s f y i n g  t h e  electrical  energy demand growth 
i n  t h e  f irst  p a r t  of t h e  nex t  cen tu ry .  

W e  s u g g e s t  t h a t  t h e  d i s c u s s i o n  on t h e  f u e l  f a b r i c a t i o n  and 
r ep rocess ing  p l a n t s ,  on t h e  n u c l e a r  energy c e n t e r s ,  and on 
t h e  d e t e c t i o n  of plutonium could  have been g iven  m o r e  
d e t a i l e d  a n a l y s i s  i n  t h e  s t a t emen t .  These a s p e c t s  of t h e  
program are d i scussed  i n  more d e t a i l  i n  Attachment 1. 

W e  b e l i e v e  t h e r e  e x i s t s  a d d i t i o n a l  t e c h n i c a l  i n f o r p a t i o n ,  
d i s c u s s e d  i n  Attachment 2 ,  which could  more adequate ly  
p o r t r a y  t h e  s a f e t y  of t h e  LMFBR demonst ra t ion  p l a n t .  
i n fo rma t ion ,  i f  it w e r e  i nc luded  i n  t h e  environmental  impact 
s t a t emen t ,  would provide  a more complete p i c t u r e ,  reduce 
some of t h e  ambigui ty ,  and t h e r e f o r e  minimize t h e  u n c e r t a i n t y  
r ega rd ing  LMFBR s a f e t y  i n  t h e  p r e s e n t  s t a t emen t .  

Our f i n a l  concern relates t o  t h e  human h e a l t h  e f f e c t s  of  
plutonium as d i scussed  by Ar thur  R. Tamplin and Thomas B. 
Cochran i n  t h e i r  comments on t h e  d r a f t  environmental  impact 
s t a t emen t .  Our comments on t h i s  s u b j e c t  are p resen ted  i n  
Attachment 3 .  

I n  l i g h t  of t h e  recognized need t o  develop energy t echno log ie s  
f o r  t h e  e a r l y  t w e n t y - f i r s t  cen tu ry ,  w e  believe ERDA should 
proceed w i t h  t h e  demonst ra t ion  program. The demonst ra t ion  
o f  t h e  b reede r  is  a s i g n i f i c a n t  and perhaps  c r i t i ca l  element 
t o  t h e  s t r a t e g y  o f  meet ing t h i s  N a t i o n ' s  growing demand f o r  
e lec t r ica l  energy. A t  t h e  same t i m e ,  w e  are concerned t h a t  
meeting o u r  f u t u r e  energy  requi rements  n o t  be completely 

Such 
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dependent upon t h e  success  of a s i n g l e  concept .  W e  t h e r e -  
f o r e  sugges t  t h a t  ERDA con t inue  t o  g i v e  f u l l  c o n s i d e r a t i o n  
t o  developing  a l t e r n a t i v e  b reede r  concepts  so t h a t  t hey  can 
e i t h e r  supplement o r  r e p l a c e  t h e  LMFBR, i f  needed. 

W e  hope t h a t  o u r  comments w i l l  be h e l p f u l  t o  you i n  your 
further consideration of this proposed program. 

S i n z e r e l y  , 

/ Roger W. Sant  
A s s i s t a n t  Adminis t ra tor  
Energy Conservat ion and 

Environment 

Attachments 
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Attachment 1 

LWBR Program Element Comments - 

1. Currently Feasible Alternatives for Fuel Fabrication 
and Fuel Reprocessing Plants 

Sections 7.2.2 and 7.2.3 discuss the Currently Feasible 
Alternatives for Fuel Fabrication Plants and Fuel Repro- 
cessing Plants. In these sections, and in other sections of 
the document, statements are made to the.effect that current 
releases are thought to be as low as practicable but that 
additional measures could be taken which could reduce these 
releases below what is considered to be as low as practical 
(Section 4.4.5.3.2). These statements as presented carry 
two implications: 

(a) That the current as low as practical standards are 
inadequate to protect against unacceptable envirpnmental im- 
pacts, and 

leases from the fuel recycle plants and the LMFBR powerplant 
are environmentally desirable. 

Other sections of the report (i.e., Section 1.4.2.1) conclude 
that currently obtainable releases are within presently es- 
tablished environmental and public safety standards. If this 
is a correct conclusion, the statements such as those in para- 
graph 2, Section 7.2.2.2, indicating that current releases 
from the. fuel-fabrication plant could be reduced to one ten 
thousandth of present practice, should be put in perspective 
to indicate that presently achievable releases are acceptable 
and that any improvements have off-setting environmental and 
economical costs. 

(b) That measures taken to continually reduce the re- 

Implication (b) above tacitly assumes that the measures taken 
to reduce nuclear plant effluents do not result in any adverse 
environmental impact. We question this tacit assumption on 
the grounds that the economic costs alone are indicative of 
the need for supplies and materials whose production results 
in environmental impacts from other industries involved. 

0 

n 



v. 89-5 

-2- 

In addition, upgrading the nuclear facilities to produce these 
marginal environmental benefits may result in making less 
energy available to the ultimate consumer. This follows since 
energy is an essential ingredient to the well-being of our 
society and actions which impair the supply of adequate amounts 
of energy could have adverse environmental and health effects 
upon society. 
There obviously is a trade-off between reducing the environ- 
mental impact from nuclear facilities at the expense of in- 
creasing the environmental impacts by other segments of in- 
dustry, and settling for a reasonable but less riyorous stand- 
ard for the nuclear industry with the benefit of reducing the 
overall environmental impacts from the non-nuclear segments of 
industry. The need to balance these two opposing factors 
should have been pointed out in the statement. 

2. Nuclear Energy Centers 

(a) Need for New Criteria: 

Paragraph 1, page 7.2-15, Vol. IV indicates that, "Before 
nuclear energy centers can be constructed, present nuclear 
powerplant site criteria kill have to be modified somewhat 
and new criteria developed for application to such centers." 
Although this statement is not strongly relevant to the sub- 
ject of the statement, it is important to an evaluation of 
the viability of nuclear energy centers, and as such relates 
to the manner in which LMFBR's might evolve. 
studies on nuclear energy centers are underway by several 
different agencies, i.e., National Science Foundation, Nuclear 
Regulatory Commission, etc. Hence, it would have been helpful 
if the basis €or this conclusion could have been developed in 
more specific terms. 

Evaluation 

(b) Decommissioning - Role of Nuclear Energy Centers: 
Nuclear energy centers offer an advantage in the decommis- 
sioning of nuclear facilities, in that they provide increased 
flexibility over dispersed sites for permanent use of the site. 
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The larger size of these centers would hrovide greater 
opportunity for building new facilities on or adjacent to 
decommissioned facilities, thus minimizing the number of 
contaminated sites that must be kept under surveillance. 
Also, should there be an accumulation of ground contamina- 
tion, the larger centers could accommodate to the situation 
more easily than smaller dispersed sites. 

(c) Attractiveness of Nuclear Energy Centers in Wartime: 

The last paragraph of Section 7.4.9.4.2, page 7.4-81 states 
in effect that the targeting of nuclear energy centers in 
wartime would be masked by the overall consequence of a mas- 
d v e  strategic attack. Accepting the validity of this s ta te -  
ment, it nevertheless fails to take into account that nuclear 
energy centers, because of their large concentrations of elec- 
tric power and economic resources, are more likely to become 
strategic targets than would a number of smaller dispersed 
sites. 

‘3. Detection of Plutonium 

Paragraph 1, page 7.4-34 and other parts of the report indicate 
that portal monitors can detect the p6ssage of 1 gram of un- 
shielded plutonium, in any of the forms in which it could be 
found in the LMFBR Fuel Cycle. The implication is that this 
Is adequate protection to insure against the unauthorized and 
clandestine removal of plutonium from the plant. Obviously, 
one-half gram amounts of plutonium could be taken out of the 
plant on two different occasions, or one-fourth gram quantities 
removed in four separate operations, etc., and achieve the same 
objective as by removing one gram at a time. Thus, there is a 
need to discuss the possibility of frequent clandestine removal 
frorh the plant of small amounts of plutonium which may not be 
easily detected but which, when accumulated, could produce the 
larger amounts needed for sabotage and terrorist activities. 



V.89-7 

Attachment 2 

The Safety of LMFBR's 

* 
The section on accident analysis ( 4 . 2 . 7 )  could be improved 
by directly addressing available alternatives with respect 
to safety problems of the LMFBR program. It is our convic- 
tion that sufficient information is available to make any 
ambiguity about the safety of this program unnecessary. 

The following sentences illustrate the sense of uncertainty 
and ambiguity to which this observation refers: Page 4.2.135 - 
"It is an objective 'of the development program to provide a 
protection system of sufficient sensitivity to assure that 
appropriate corrective action can be taken to prevent a minor 
defect from developing into a major leak." Page 138 - "Work 
is under way to develop an improved experimental and analytical 
basis for assessing the consequences of potential sodium fires 
and design features to mitigate such events." Page 143 - 
"This program, together with other efforts on preventing or 
providing early detection and control of possible events that 
could lead to core disruption, should provide a sound basis 
for decisions on treatment of core disruptive accidents in 
commercial LMFBR's." Page 156 - "Extensive programs are under 
way to develop and confirm designs of effective and reliable 
plant protective systems." 

It is our opinion that, after many years of research and 
development, there exist practical answers to a number of 
questions sufficient to allow the establishment now of quite 
clear designs for atsleast the construction and operation of 
a demonstration plant. 

There is little question that core disruption is likely to 
occur if power is lost to the primary pumps while the reactor 
is at full power, and if the reactor is not shut down bv con- 
trol rod action. Since this kind of accident is a central 
issue for public acceptance of LMF'BR's, the EIS should more 
accurately reflect the fact that design features can and will 
be included in the demonstration plant to mitigate its conse- 
quences. 

1. Safety Research 

If failure-to-scram is postulated, in conjunction with such 
low-probability events as loss of forced coolant circulation, 
reactivity will rise and the core must inevitably be at least 
partially disassembled. (This point is made in Section 4 . 2 . 7  
of the statement.) Given the postulated scram failure, the 
question then is how violent could the disassembly become? 
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A t  t h i s  p o i n t ,  it seems t o  u s ,  a fundamental d i s t i n c t i o n  
should be  made between p r o b a b i l i t y ,  as it is  used i n  t h e  
e v a l u a t i o n  of r i s k s ,  and un ,ce r t a in ty ,  a s  it a f f e c t s  t h e  
a n a l y s i s  of H C D A ' s  i n  LMFBR's. 
means l a c k  of  knowledge. 
vary ing  s e v e r i t y  t h a t  is a s s o c i a t e d  wi th  a p a r t i c u l a r  
i n i t i a t i n g  even t  does no t  r e p r e s e n t  a c o l l e c t i o n  of  real  
p o s s i b i l i t i e s ,  each wi th  some l i k e l i h o o d  of occurrence:  
r a t h e r  i t  sugges t s  a range of conce ivable  trajectories,  some 
one of which is t h e  r e a l  one t ha t  t h e  system w i l l  fo l low,  
g iven  the pos tu l a t ed  i n i t i a l  condi t ions--but  w e  d o n ' t  y e t  
know which one. 
excurs ion  of some pa r t ' i cu l a r  magnitude i s  s u f f i c i e n t l y  un l ike ly  
( i n  a d d i t i o n  t o  t h e  l o w  p r o b a b i l i t y  of t h e  p o s t u l a t e d  i n i t i a t i n g  
even t )  t o  pose an accep tab le  low r i s k  t o  t h e  publ ic .  The pro- 
blem i n s t e a d  is t o  show t h a t  t h i s  conce ivable  even t ,  given 
t h e  i n i t i a l  c o n d i t i o n s ,  w i l l  occur  ( i n  which case  t h e  system 
must be a b l e  r e l i a b l y  t o  accommodate i t) or  it w i l l  n o t  occur 
( in  which case  it can be ignored a l t o g e t h e r ) .  (The preceding 
is admi t ted ly  somewhat ove r s impl i f i ed ,  i n  o r d e r  t o  underscore 
what w e  b e l i e v e  t o  be an important  a s p e c t  of t h e  c u r r e n t  s t a -  
t u s  of LMFBR s a f e t y  a n a l y s i s . )  

This s i t u a t i o n  i s  d i scussed  f u l l y  i n  a r e c e n t  r e p o r t  to  
ERDA (ERDA-1) da t ed  December 13, 1974, of an LMFBH Program 
R e v i e w  Group e s t a b l i s h e d  i n  October 1 9 7 4  by t h e  A t o m i c  
Energy Commission. I t  is the conclus ion  of t h i s  s tudy  
group (pp. 57-58 and p. 4 of Attachment 1 0 )  t h a t  t h e r e  i s  a 
r easonab le  expec ta t ion  t h a t  w i th in  t h e  nex t  few y e a r s  ( q u i t e  
p o s s i b l y  before  t h e  review of the CRBR f o r  an operat iDg 
l i c e n s e )  s u f f i c i e n t  advances w i l l  be  achieved i n  LMFBR 
s a f e t y  technology t o  p rec lude  a l t o g e t h e r  t h e  more seve re  core 
d i s r u p t i v e  a c c i d e n t s  t h a t  could  cha l l enge  t h e  adequacy of 
p r e s e n t l y  proposed containment techniques.  It seems t o  us  
that it is  t h e  s t r o n g  expec ta t ion  t h a t  t h i s  w i l l  be t h e  
outcome of f u r t h e r  LMFBR s a f e t y  r e s e a r c h  t h a t  l a r g e l y  
j u s t i f i e s  t h e  cont inuing  forward march of t h e  program, 
inc lud ing  t h e  t iming of the heavy investment i n  t h e  demon- 
s t r a t i o n  reactor. This  expec ta t ion  i s  n o t  based o n l y  on 
t h e  p rogres s  of t h e  l a s t  f e w  yea r s ,  which h a s  e l imina ted  
some of  t h e  o l d e r  extreme p o s t u l a t e s ;  it arises also fr-n 

I n  the l a t t e r  case, unce r t a in ty  
The spectrum of HCDA scena r ios  of 

The problem i n  hand is  n o t  whether a nuclear  

n 
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the recognition of specific phenomena which, when better 
understood and more quantitatively described, will probably 
alter substantially the calculated behavior of the system. 
These include the so-called frothing phenomenon, which is 
expected to modify the behavior of molten fuel in such a 
way as to limit possible rates of reactivity addition and 
perhaps to prevent achievement of prompt criticality. 

2. Safety Design Features 

Pending the results of the presently vigorously-pursued 
safety research program, there are other steps which could 
be taken now to adopt firm design features. We believe that 
there do exist practical answers sufficient at least for the 
establishment of clear: design features for the construction 
of a first demonstration plant and that emphasizing these 
features in the EIS would improve public acceptance of the 
program. We suggest that the following two elements be in- 
cluded. 

(a) Protection Against a Core Disruptive Accident 
A core disruptive accident is the accident most feared by 
the public and should be faced in a straightforward manner. 
Sections 4 . 2 . 7 . 5 . 1  through 4 . 2 . 7 . 8 . 2  provide a good summary 
of the current status of the R&D program on LMFBR safety and 
fairly represent the differing opinions on individual iacets 
of the safety program. However, Annex B-(pp. 4 .2 -206  to 
4.2-2291,  giving a discussion of safety criteria for the 
first demonstration plant, indicates a desire to avoid 
any serious consideration of the HCDA. Options are to be 
left open for later inclusion of such accidents should 
the project be forced to consider them, but this hypo- 
thetical event which is on every critic's mind is avoided 
as a subject of discussion. In contrast, on pp. 4 .2 -  
160-161, it is pointed out that reactor studies by Atomics 
International and Babcock and Wilcox had as a desiqn basis 
the criterion that the HCDA should be accommodated. 

The core disruptive accident is likely to occur if power is 
lost to the primary pumps while the reactor is at full 
power and if the reactor is not scrammed by control rod 
action. The first of these if's is a Possible occurrence, 
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so the second must be made extremely unlikely; Annex D, 
page 4 . 2 - 2 3 4  gives the following conclubion by a panel of 
experts who met last April: "There was a general consensus 
that all design approaches should assure positive termina- 
tion of any nuclear chain reaction. 
by use of independent and diverse shutdown systems, and should 
include both diverse and independent trip signals, information 
channels, and neutron absorbers." This is a simple statement 
and should represent the minimum design criterion and should 
be reflected in the XIS. In contrast, Wnex B, dealing with 
the CRBR, says simply, "Two independent shutdown systems will 
be provided," and remarks that failure of either system is 
highly unlikely. The latter statement is not borne out by 
experience, and experts believe that it will be extremely 
difficult to assure the required reliability and independence 
of two systems. This should be clarified to indicate how the 
problem of leak detection and prevention would be handled in 
such a case. 

This should be achieved 

Cbl Natural Convection Heat Removal System 

For one final example, there is a paragraph on page 4.2-108 
that discusses the desirability, and possibility, of designing 
reactors in which the decay heat can be removed by an independent 
natural convection system. This is a very attractive 
feature of the LMFBR, for it basically means that if the 
reactor can be shut down by getting one set of control 
rods in, then the further safety of the system is assured 
without the necessity of continued operation of any of the 
normal components. For example, loss of power t9 the. 
sodium pumps could be tolerated.--while the CRBR Project 
a s -  statxd their- interitfion' to provide for removal of decay 
heat by nacural circulation, the EIS leaves uncertainty as 
to whether the design feature will indeed be adopted. We 
believe that a stronger postion could and should be taken 
with respect to decay heat removal by natural circulation 
noting particularly that CRBR will have this capability as 
have the FERMI, FFTE and EBR-I1 designs. 
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In conc lus ion ,  w e  b e l i e v e  t h a t  t h e  d i s c u s s i o n  of LMFBR 
a c c i d e n t s  i s  l ack ing  i n  s e v e r a l  r e s p e c t s .  I t  should  have 
been a c lear  s t a t emen t  of (a )  the achievements  a l r e a d y  made 
i n  the p a s t  2 0  y e a r s  of s a f e t y  r e s e a r c h  i n  the d e f i n i t i o n  
and p r o j e c t e d  cour se  of p o s s i b l e  a c c i d d n t s ,  (b) t h e  
c h a r a c t e r  and s i g n i f i c a n c e  of p r e s e n t  u n c e r t a i n t i e s  i n  t h e  
a n a l y s i s  of  LMFBR a c c i d e n t s ,  (c) the a n t i c i p a t e d  impact of 
f u r t h e r  LMFBR s a f e t y  research i n  c l a r i f y i n g  t h e  need - or  
l a c k  of need - for  v a r i o u s  p r o t e c t i v e  d e v i c e s ,  and t h e  
r eason  f o r  optimism concern ing  the  outcome of t h i s  research, 
and (d)  t h e  adop t ion  of des ign  f e a t u r e s  f o r  s a f e t y  a v a i l a b l e  
now which is capab le  of removing a number of unnecessary  
u n c e r t a i n t i e s  i n  t h e  c u r r e n t  s i t u a t i o n .  . 
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Attachment 3 

Plutonium Carcinogenicity 

Arthur R. Tamplin and Thomas B. Cochran made the following 
comments in response to the draft EIS comment request. Their 
comments are reprinted in Volume V, pp. V. 6-1 through V. 6-61 
of the proposed final environmental statement. 

"On November 13, 1973, and December 26, 1973 
we submitted for consideration in the preparation 
of this Draft Environmental Statement on the LME'BR 
Program, our comments relative to the carcinogenic 
hazard of plutonium. Subsequently, on February 14, 
1974, we submitted a petition to AEC and EPA asking 
for radiation protection standards that would be 
115,000 fold more restrictive than the present 
Standards when insoluble alpha-emitting hot particles 
were involved. In support of this petition and for 
consideration in the Draft EIS, we submitted a 50- 
page report detailing the scientific bases fo r  the 
requested modification of the standard (1). 

"Upon receipt of copies of the Draft Environ- 
mental Impact Statement we were appalled at the treat- 
ment of the problem in Particle Lung Dose Effects, 
Volume 11, Part 2 ,  pages 4.G-89 to 4.G-105. These 
pages are shallow, self-serving and not supportive 
of the conclusion that the average lung dose is 
appropriate for -  estimating the health consequences 
from hot particles. I' 

In light of available scientific facts it is mandatory that 
these comments by Tamplin and Cochran be fully assessed. 
Their position is based on two unsubstantiated and highly 
questionable assumptions: 

a. Presence of a "critical particle activity" for 
plutonium exposure, and 

Extrapolation of rat skin data to plutonium 
exposure in the human lung. 

b. 
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"Critical Particle Activity" 

The concept of a "critical particle activity" by Tamplin and 
Cochran (1-p.32) is very central and espential to their "hot 
particle" theory, which suggests that a specific level of tissue 
damage must occur before the carcinogenic response occurs. It 
is apparently based primarily on the induction of cancer bv 
alpha-irradiation of rat skin by Albert and his associates 
( 2 ,  3 ,  and 4 ) .  However, such is not analogous to lung exposure 
to plutonium and cannot be so extrapolated with any degree of 
validity. 
and results of comparable studies of irradiated mouse skin 
have not given results identicial to the,rat experiments. 
Since the "critical particle activity" concept is crucial to 
the Tamplin and Cochran thesis, the lack of appropriate 
biological supportive data would put the whole analysis in 
doubt. As a matter of fact, Tamplin,and Cochran themselves 
admit that particles less than this critical size can be 
considered on the basis of an average dose to the lung. 

Results of studies with rats vary with rat strains, 

Between the part in Section IV-B (page 14) of the Tamplin 
and Cochran Report (11, where it is stated that "it will 
be shown that biological data strongly suggests that €or such 
particles we should use a DF=1 grossly underestimates the 
DE for Pu," no biological data is presented in support of 
the thesis. Some data is indirectly referenced by quoting 
generalsummary statements to support such a conclusion. 

Consideration of mechanisms of radiation carcinogenesis 
suggests that there has been no change in direction or 
strength of data which would compel departure from the concept 
that average lung dose for alpha particles provides a reason- 
able and conservative base for protection. In support of the 
above, it is interesting to note that the referenced work of 
Bair ( 5 ,  and 6) in beagles are used by Bair, Richmond, and 
Wzchholz (7-p. 39-42) to show "that the"mean dose to lung 
from Pu particles is a biologically reasonable basis for 
expressing the quantitative relationship between tumor 
incidence and alpha-radiation dose." 

2.  

In discussion of human dermal lesion from accidentally 
implanted plutonium, Tamplin and Cochran (1-p. 27) quote 
directly from Lushbaugh and Langham (8) as follows, "The 
autoradiographs showed precise confinement of alpha-tracks 
to the area of the epidermis; where epithelial changes 
typical of ionizing radiation exposure were presented. The 
cause and effect relationship of these findings, therefore, 
seem obvious. Although the lesion was minute, the changes 

Human Skin Lesions From Plutonium Expos= 
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in it were severe. Their similarity to known pre ancerous 
epidermal cytologic changes, of course, raised the question 
of the ultimate fate of such a lesion should it be allowed 
to exist without surgical intervention.? However, Tamplin 
and Cochran omitted the following sentences from the same 
paragraph of Lushbaugh and Langham (8) , "Although no 
malignancies of the skin of man have ever been shown auto- 
radiographically to be associated with such alpha-emitting 
foreign bodies, the changes here would seem to indicate 
that the development of such a lesion is possible." Although 
the average radiation dose within the lesion was estimated 
to be an incredible 75 million rad over the 4 1/4 years 
exposure period, there was no malignant dellular transforma- 
tion as required for the diagnosis of cancer. No such 
cytological changes have ever been found next to "hot 
particles" in human tissue. 

Tamplin and Cochran (1-p. 28) describe a supposed plutonium 
particle induced cancer in a worker, but such is n o t  a 
proved positive example of plutonium exposure. It's categori- 
zation as such is conservatively justified from a legal view- 
point in the face of circumstantial indicators. But it would 
not seem to be a firm foundation on which to base exposure 
criteria. Tamplin freely admits that the case is not "clear- 
cut. 

3 .  Human Inhalation Exposure to Pu02 

Mann and Kirchner ( 3 )  reported on an October 1965 fire in a 
plutonium fabrication plant resulting in a large-scale spread 
of plutonium oxide. The Rocky Flats body counter was used to 
measure the plutonium in the lungs of all employees working in 
the area, and, of approximately the 400 employees counted, 25 
were found to have enough plutonium in their lungs to deliver 
a dose of 15 rem per year or greater (i.e., at least 0.016 uCi). 
Of the above 25 people, two had burdens as high as 0.16 uCi, 
a factor of 10 above the current maximum permissible lung 
burden. Of those workers available for follow-up, most are 
measured for retained activity several times a year. Thus 
far, 9 years after exposure, there is no evidence of cancer 
or other pathology. 

Tamplin and Cochran (1) discredit 14 of the 25 L o s  Alamos 
Manhattan Project (10) workers as possible "hot particle" 
cases because their exposure was due to the inhalation of a 
plutonium solution rather than an aerosol of Pu02 particles. 
It is claimed that only the latter is capable of setting up 
a "hot particle" situation. However, there still remain 
11 workers who meet their "hot particle" standard. It is 
now more than 27 years after their Pu02 exposure--well after 
the period in which cancers should start to appear if such 

Q 
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were going to develop. If the cancer risk for such "hot 
particles" were 5 x 104 per particle, as postulated by the 
Natural Resources Defense Council report (Tamplin and 
Cochran-11, the 4 x lo5 particles present should yield abcut 
200 cancers per man. The observed lung cancer incidence for 
these workers after almost 30 years since first exposure to 

--- 
plutonium is zero. 

The above data is additional information that tends to support 
the general argument that the radiation protection guides 
for plutonium have not been grossly in error. In the more 
than three decades that plutonium has been used there has 
been no recorded incidence of cancer in man resulting from 
the internal deposition of plutonium or any of its isotopes. 
This excellent record has resulted from extremely effective 
safety and control methods. Data from occupationally 
exposed workers are not relevant for establishing,value 
judgement where experimental data is not always conclusive 
for formulating risk evaluations. 

4 .  Report on Plutonium Toxicity by the Medical Research 
Council of Great Britain 

The Committee on Protection against Ionizing Radiation of 
Britain's Medical Research Council in January 1975 summarized 
and reported on present knowledge concerning potential hazards 
to man of plutonium. This group of 13 eminent scientists and 
doctors concluded that "there is at present no evidence to 
suggest that irradiation of the lung by particles of 
plutonium is likely to be markedly more carcinogenic than when 
the same activity is uniformly distributed" (11). 

Quoting from the Committee's Report (11): "The conclusions 
of Tamplin and Cochran cannot be any better founded than the 
hypothesis on which they are based, and-that is too tenuous 
to be worth further discussion here. Tamplin and Cochran 
also put themselves in the difficult situation that the risk 
is considered to be decreased by a factor of 115,000 if a 
particle containing 0.1 pCi plutonium were to break into two 
equal halves. 

Accordingly, in all British calculations, dose is averaged 
throughout the lung in accordance with current ICRP concepts. 

5. Conclusions 

Bair, Richmond, and Wachholz (71 ,  concludes as follows: 

"After 30 years' experience with plutonium in 
laboratory and production facilities, there is no 
evidence that the mean dose lung model on which 
occupational zadiation protection standards for 
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plutonium are based is grossly in error or leads 
to hazardous practices. Currently available data 
from occupationally exposed persons indicate that 
the non-homogenous dose distribution from inhaled 
plutonium does not result in demon’strably greater 
risk than that assumed for uniform dose distribution. 
Thus, empirical considerations lead to the con- 
clusion that the nonuniform dose distribution of 
plutonium particles in the lung is no t  more 
hazardous and may be less hazardous than if the 
plutonium were uniformly distributed and that the 
mean dose lung model is a radiobiologically sound 
basis for estahlishment of plutoniurp standards.” 

Also ,  one can conclude that the mean dose concept represents 
a very conservative approach to the establishment of permissive 
limits for plutonium provided the radiation protection 
criteria for  lung exposure is based on a limiting rad dose. 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

M r .  Roger W. Sant 
Ass is tan t  Administrator 
Energy Conservation and 

Federal  Energy Administration 
Washington, D. C. 20461 

Dear M r .  Sant: 

Thank you f o r  your l e t te r  of May 1, 1975 commenting on the  Proposed 
F ina l  Environmental Statement (PFES) f o r  the  Liquid Metal Fast  Breeder 
Reactor (LMFBR) Program. We are pleased t h a t  you found the  PFES t o  
contain a comprehensive review of the  LMFBR's environmental impacts 
and w e  appreciate  your support  f o r  cont inuat ion of the  LMFBR demonstra- 
t i o n  program. 
f u l l  considerat ion t o  developing a l t e r n a t i v e  breeder concepts so t h a t  
they can e i t h e r  supplement o r  replace the  LMFBR, i f  needed. 
t o  do t h i s .  

Environment 

We note  the  FEA suggestion t h a t  ERDA continue t o  give 

We intend 

I n  your let ter you state t h a t  FEA na t iona l  conservation and demand 
management programs could r e s u l t  i n  electrical  demand growth i n  the  
1985 t o  2000 period which is 25% less than the  ERDA estimate. Please 
note  t h a t  the  cost-benefit  ana lys i s  considered a range of electric 
power demand pro jec t ions  which included cases  f o r  a 50% demand reduc- 
t i o n  (see p. 11.2-58 of the PFES). I n  addi t ion ,  cost-benefi t  cases  
assuming a 25% e l e c t r i c  pa re r  demand reduct ion have been evaluated 
and are presented i n  Sect ion 111 F of the  F ina l  Environmental 
Statement. 
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ERDA responses to the comments in the attachments to your letter are 
enclosed. Thank you again € o r  your coments and for your interest in 
the LllFGR Prcgram. Copies of the Final Environmental Statement are 
enclosed for your infornation. 

Sincerely, 

w i s t n n t  Administrator €or 
Environment and Safety 

Enclosures: 
1. ERDA Staff Responses to 

Specific FEA Corments 
2. F i n a l  Environmental Statement, 

LNFBR Program (5 copies) 



ERDA S t a f f  Responses t o  F E A  Comments 

FEA Comment (Pages  1 and 2 ,  at tachment 1): 

"...statements are made t o  t h e  e f f e c t  t h a t  c u r r e n t  releases are 
thought t o  be as low as p r a c t i c a b l e  bu t  t h a t  a d d i t i o n a l  measures 
could be taken which could reduce t h e s e  releases below what i s  
considered t o  be as low as p r a c t i c a l  (Sect ion 4.4.5.3.2). 

... statements such as those i n  paragraph 2, Section 7.2.2.2, 11 

i n d i c a t i n g  t h a t  c u r r e n t  releases from t h e  f u e l - f a b r i c a t i o n  p l a n t  
could be reduced t o  one t e n  thousandth of p r e s e n t  p r a c t i c e ,  
should be put  i n  p e r s p e c t i v e  t o  i n d i c a t e  t h a t  p r e s e n t l y  ach ievab le  
releases are accep tab le  and t h a t  any improvements have o f f - s e t t i n g  
environmental  and economical c o s t s .  

"There obviously is a t rade-off  between reducing t h e  environmental  
impact from nuc lea r  f a c i l i t i e s  a t  t h e  expense of i n c r e z s i n g  t h e  
environmental  impacts by o t h e r  segments of i ndus t ry , .  ..The need t o  
balance t h e s e  two opposing f a c t o r s  should have been po in ted  ou t  
i n  t h e  statement." 

ERDA Response: 

While w e  ag ree  completely wi th  t h e  cau t iona ry  n o t e ,  we d i d  no t  t h ink  i t  
a p p r o p r i a t e  f o r  t h e  Environmental Statement  t o  inc lude  assessments  and 
judgments t h a t  b a s i c a l l y  have t o  be made by r e g u l a t o r y  and s t anda rds -  
s e t t i n g  groups. 
o r  o t h e r  t r ade -o f f s  should no t  be examined as a b a s i s  f o r  dec id ing  whether 
a d d i t i o n a l  c o n t r o l  measures are worth t h e  e f f o r t  and expense. 
th i s  should be done (see f o o t n o t e  page 4.4-45). 

We did  n o t ,  however, mean t o  imply t h a t  c o s t - e f f e c t i v e n e s s  

We b e l i e v e  

PEA Comments (page 2, attachment 1): 

"Paragraph 1, page 7.2-15, V a l .  I V  i n d i c a t e s  t h a t ,  b e f o r e  nuc lea r  
energy c e n t e r s  can be cons t ruc t ed ,  p r e s e n t  n u c l e a r  powerplant s i t e  
criteria will  have to  be modified somewhat and new c r i te r ia  developed 
f o r  a p p l i c a t i o n  t o  such c e n t e r s . . . i t  would have been h e l p f u l  i f  t h e  
b a s i s  for t h i s  conclusion could have been developed i n  more s p e c i f i c  
terms . ' I  

ERDA Response: 

The r e fe renced  conclusion is  more a judgment than  a hard assessment.  
It seems t o  us  t h a t  t h e  co-locat ion of many power p l a n t s ,  a s s o c i a t e d  
f u e l  c y c l e  f a c i l i t i e s ,  and p o s s i b l y  l a r g e  i n d u s t r i a l  complexes us ing  
t h e  energy,  would r e q u i r e  some e v o l u t i o n  i n  v a r i o u s  r e g u l a t o r y  c r i t e r i a  
and e v a l u a t i o n  f a c t o r s .  The r e s u l t s  of t h e  on-going e v a l u a t i o n  s t u d i e s  
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rrlll probably provide a b a s i s  f o r  more s p e c i f i c  judgments on t h i s  
matter. 

PEA Comment (pages 2 and 3, attachment 1): 

"Nuclear energy centers  o f f e r  an advantage i n  the  decommissioning 
of nuclear  f a c i l i t i e s ,  i n  t h a t  they provide increased f l e x i b i l i t y  
over dispersed sites f o r  permanent use of t he  site..." 

ERDA Response: 

We agree t h a t  t h i s  is an apparent advantage of nuclear  energy centers .  

PEA Comment (page 3, attachment 1): 

"The last paragraph of Section 7.4.9.4.2, page 7.4-81 states 
in e f f e c t  t h a t  the  t a rge t ing  of nuclear  energy centers  in war- 
time would be masked by the  ove ra l l  consequence of a massive 
s t r a t e g i c  a t tack .  Accepting the  v a l i d i t y  of t h i s  statement,  
It nevertheless  f a i l s  t o  take i n t o  account t h a t  nuclear energy 
centers ,  because of t h e i r  l a rge  concentrat ions of e l e c t r i c  
power and economic resources ,  are more l i k e l y  t o  become 
s t r a t e g i c  t a r g e t s  than would a number of smaller  dispersed 
sites . I 1  

ERDA Response: 

Yes, bu t  t he  scenar io  implies  nuclear warfare and many o the r  targets. 
Under those circumstances, i t  seems t o  us t h a t  whatever ex t r a  rad ia t ion  
might be released would be a secondary considerat ion i n  the  face  of 
d i r e c t  weapons e f f ec t s .  

FEA Comment (page 3, attachment 1): 

"Paragraph 1, page 7.4-34 and o ther  p a r t s  of t he  repor t  i nd ica t e  
t h a t  p o r t a l  monitors can de tec t  the  passage of 1 gram of 
unshielded plutonium i n  any of the  forms i n  which i t  could be 
found i n  the  LNFBR Fuel Cycle. 
adequate pro tec t ion  t o  insure  aga ins t  the  unauthorized and 
c landes t ine  removal of plutonium from the  p l an t  ... there  is a 
need t o  discuss  the  possibility of frequent c landest ine removal 
from the  p lan t  of small amounts of plutonium which may not be 
e a s i l y  detected but which, when accumulated, could produce the 
l a r g e r  amounts needed f o r  sabotage and t e r r o r i s t  ac t iv i t i e s . "  

The implicat ion is t h a t  t h i s  is 
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ERbA Response: 

The s u b s t a n t i a l  q u a n t i t i e s  of plutonium (kilograms o r  tens  of Wlograms) 
required t o  produce s i g n i f i c a n t  i l l i c i t  consequences could not be 
accumulated, through repeated t h e f t s  of small  quan t i t i e s ,  i n  any 
reasonable period of t i m e  by an ind iv idua l  o r  a reasonably s ized  group 
of ind iv idua ls  working i n  concert .  The p robab i l i t y  tha t  such an 
ongoing operat ion would be detected and in te r rupted  p r i o r  t o  completion, 
by safeguards mechanisms o the r  than p o r t a l  monitors, is high. Con- 
s ide r ing  these  and o the r  f ac to r s ,  w e  conclude t h a t  t he  r i s k  assoc ia ted  
wi th  t h i s  scenar io  is vanishingly small, and t h a t  discussion i n  the  
PFES is not  required.  

FEA Comment (page 2*): 

"We bel ieve  the re  e x i s t s  add i t iona l  technica l  information, 
discussed i n  Attachment 2,  which could more adequately por t ray  
the  sa fe ty  of the  LMFBR demonstration p lan t .  
I f  it were included i n  the  environmental impact statement,  would 
provide a more complete p i c tu re ,  reduce some of t he  ambiguity, 
and therefore  minimize the  uncer ta in ty  regarding LMFBR s a f e t y  i n  
the  present  statement." 

Such information, 

*See Attachment 2 ,  "The Safety of IMFBR's," f o r  de t a i l ed  FEA comments. 

ERDA Response: 

ERDA s t a f f  f u l l y  agrees  with the  FEA t h a t  Sect ion 4 . 2 . 7  of the  PFES does 
no t  emphasize important items such as the  ex is tence  of numerous p r a c t i c a l  
answers t o  sa fe ty  quest ions,  and be l ieves  t h a t  these are s u f f i c i e n t  t o  
allow clear and adequate p l an t  designs.  
knowledge on f a s t  r eac to r  s a f e t y  already made ava i l ab le  by the  MI) 
program, along with present ly  ava i l ab le  a l t e r n a t i v e s  t o  accommodate 
remaining problems and uncer ta in t ies .  ERDA s t a f f  agrees t h a t  i n  a l l  
major subs tan t ive  technological  areas, the  bas i c  state of understanding 
w i l l  allow, f o r  example, the  establishment of designs f o r  the  
construct ion and operat ion of a demonstration p lan t .  This contention 
and the  r e su l t i ng  design of course are the subjec t  of review by competent 
regulatory a u t h o r i t i e s  (NRC, ACRS) . 

There is  a l a rge  body of 

ERDA s t a f f  a l s o  agrees t h a t  Sect ion 4 . 2 . 7  of the  LMFBR Program PFES 
overemphasizes unce r t a in t i e s ,  problems, and ambiguities r e l a t ed  t o  
s a f e t y  quest ions,  and t h a t  these two f ac to r s  appear t o  permit the  
erroneous conclusion t h a t  there  are major problems o r  unce r t a in t i e s  
t h a t  are not amenable t o  order ly  and planned reso lu t ion  i n  the sa fe ty  
R6rD program. This lack of balance is indica ted  by the  f ac t  t ha t  
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several commentors appear  t o  base  t h e i r  comments on t h e  premise t h a t  
zm LMPBR cannot be designed t o  be adequate  from t h e  s a f e t y  s t andpo in t .  
This s i t u a t i o n  arises from an understanding t h a t  an EIS is t o  emphasize 
m a t t e r s  of p o t e n t i a l  p u b l i c  concern and r e s u l t e d  i n  an inadequate  
e x p o s i t i o n  of t h e  f a c t  t h a t  t h e  vast m a j o r i t y  of p o t e n t i a l  problems 
have been addressed and resolved.  

I n  an a t t empt  t o  remedy t h i s  inadequacy, t h e  fo l lowing  supplementary 
m a t e r i a l  is being provided i n  t h e  FES: 

1. Addi t iona l  i n fo rma t ion  relative t o  t h e  D i v i s i o n  of Reactor  Research 
and Development LHFBR s a f e t y  development plan.  

2. Addi t iona l  information on e n e r g e t i c  LMFBR c o r e  d i s r u p t i o n s ,  
i n c l u d i n g  remarks prepared for an ACRS-HCDA Working Group. 

3. Addi t iona l  i n fo rma t ion  on t h e  b a s i s  for proceeding w i t h  t h e  
des ign ing ,  l i c e n s i n g ,  and o p e r a t i o n  of LMFBRs w h i l e  t h e  LMFBR 
s a f e t y  program p rogres ses .  

4. Addi t iona l  i n fo rma t ion  on LMFBR r i s k  assessment  methods development. 

FEA Comments (pages 1-5, a t tachment  3): 

These comments were b a s i c a l l y  o b s e r v a t i o n s  made r ega rd ing  the  
comments of t h e  N a t u r a l  Resources Defense Counci l  (NRDC) r ega rd ing  
t h e  AEC r e sponses  in t h e  PFES t o  t h e  NRDC comments on plutonium 
t o x i c i t y  i n  t h e  D r a f t  Environmental Statement  on t h e  LYFRR Program. 
They d e a l  w i t h  t h e  concept of " c r i t i c a l  p a r t i c l e  a c t i v i t y "  and i t s  
e x p e r i n e n t a l  b a s i s  ( a l p h a - i r r a d i a t i o n  of ra t  skin), hunan s k i n  
l e s i o n s  from plutonium exposure / implan ta t ion ,  i n h a l a t i o n  of Pu02 
by humans and t h e  r e p o r t  by t h e  Medical Research Council  of 
Great B r i t a i n  concerning t h e  "hot p a r t i c l e "  hypo thes i s .  

It was concluded t h a t  "...the mean dose concept r e p r e s e n t s  a very  
conse rva t ive  approach t o  t h e  e s t ab l i shmen t  of permissive l i m i t s  
for plutonium provided t h e  r a d i a t i o n  p r o t e c t i o n  c r i te r ia  f o r  
l ung  exposure is based on a l i m i t i n g  rad dose." 

ERDA Response: 

ERDA a g r e e s  w i t h  t h e  FEA comments and would f u r t h e r  p o i n t  ou t  t h a t  t h e  
risk per "hot p a r t i c l e "  (1 i n  2000) advocated by t h e  NRDC is  obtained 
from rat s k i n  s t d i e s  i nvo lv ing  a s p e c i a l i z e d  anatomical  u n i t  of t h e  
s k i n ,  t h e  h a i r  f o l l i c l e ,  which has  no known analogue i n  t h e  lung.  I n  



a d d i t i o n ,  t h e  e f f e c t i v e n e s s  of i r r a d i a t i o n  of t h e  rat s k i n  was demon- 
s t r a t e d  only when a )  t h e  most s e n s i t i v e  p o r t i o n  of t he  h a i r  f o l l i c l e  
received an optimum dose,  and b )  t he  e n t i r e  h a i r  f o l l i c l e  w a s  
i r r a d i a t e d .  A s i n g l e  "hot p a r t i c l e "  loca t ed  i n  the  h a i r  f o l l i c l e  could 
no t  accomplish t h i s .  I n  these  s t u d i e s  the  entire skin was also 
i r r a d i a t e d .  The f a c t  t h a t  t h e r e  is no s t r u c t u r e  i n  the  lung equ iva len t  
to  t h e  h a i r  f o l l i c l e ,  t h a t  even i f  t h e r e  were such a s t r u c t u r e ,  a s i n g l e  
"hot p a r t i c l e "  could no t  i r r a d i a t e  the e n t i r e  s t r u c t u r e ,  t h a t  t h e r e  is 
no sugges t ion  as t o  how o r  why a "hot p a r t i c l e "  would s e l e c t i v e l y  l o c a t e  
i n  such a s t r u c t u r e  i f  i t  did e x i s t ,  t h a t  i f  such a s t r u c t u r e  d i d  e x i s t  
i ts  s p e c i a l  r a d i o s e n s i t i v i t y  is not  known, and t h a t  t h e  1 i n  2000 f a c t o r  
is based on a t roph ied  h a i r  f o l l i c l e s  and no t  i r r a d i a t e d  h a i r  f o l l i c l e s ,  
all tend t o  cast doubt on the  v a l i d i t y  of assuming a 1 i n  2000 r i s k  f o r  
"hot p a r t i c l e s . "  
demonstrat ively supported f o r  t he  human lung,  t he  minimum a c t i v i t y  of 
t h e  "hot p a r t i c l e "  which would induce such a r i s k  becomes academic. 

Given t h a t  t h e  1 i n  2000 r i s k  r a t i o  cannot be 
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May 3 0 ,  1975 

W. H. Pennington 
O f f i c e  of t h e  A s s i s t a n t  Admin i s t r a to r  
Energy Research and Development Admin i s t r a t ion  
Washington, D. C. 20545 

Dear I*. Pennington: 

I am w r i t i n g  to you to r e q u e s t  t h a t  t h e  enclCsed documents,  
and n o t  o t h e r s  i n  your  p o s s e s s i o n ,  be i n c l u d e d  i n  t h e  r e c o r ?  o f  
t h e  h e a r i n g  on t h e  Prohosed F i n a l  Environmental  S t a t emen t  on 
t h e  L iqu id  Metal  F a s t  Breeder  Reactor Program and t h a t  t h e y  
a l s o  be a t t a c h e d  to t h e  F i n a l  Environmental  S'ratement. 

1. Testimony of t h e  S c i e n t i s t s  I n s t i t u t e  €or P u b l i c  I n f o r -  
mation p r e s e n t e d  on May 28, 1975. 

2. The c h a p t e r  e n t i t l e d  "Summary". 

3. The c h a p t e r  e n t i t l e d  " P r o j e c t i o n s  of F u t u r e  E l e c t k i c a l  
Demand. " 

I am a d d r e s s i n g  an i d e n t i c a l  l e t te r  to M r .  Rober t  W. F r i .  

S i n c e r e l y  , 

Diane Y a l c  S a u t e r  
P r o j e c t  D i r e c t o r  
Task Force on t h e  LMFBR Program 

Enc. 

This ir recycled paper. 
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Tes t  imony 

i n  r e g a r d  t o  t h e  

A tomic  Energy Comm i s s  i o n ' s  

Proposed F i n a l  E n v i r o n m e n t a l  S t a t e m n t  

on t h e  

L i q u i d  Me ta l  F a s t  i3reeder Reac to r  Program 

Pub1 i c  t i ea r  ing b e f o r e  t h e  

EnerGy Research and Development Adm i n  i s t r a t  i o n  

May 28, 1975 

Diane Ya le  S a u f e r  
P r o  j e c f  D i r e c t o r  

Task F o r c e  on t h e  LMFdR Frogram 

S c i e n t  i s t s l  i n s t  i t u t e  f o r  Pub1 i c  In fo r rna t  i o n  
30 E a s t  6 8 t h  S t r e e t  

N e w  York ,  h'ew York 10021 
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The Proposed F i n c l  Env i i -onf lenta l  S t a t e m n t  ( F F E S )  on t h e  

i i q u  i d  /.:eta1 F a s t  3 r c c d e r  h 'eactor ( L1i,c3.?j Program j u s t  i f  ied i he 

need f o r  b r e e d e r  development by an i n f l a t e d  p r o j e c t  i o n  o f  g r o w t h  

i n  f u t u r e  e l e c t r i c a l  ene rgy  demand. T h i s  cqounted t o  a n i n e - f o l d  

i n c r e a s e  i n  p e r  c a p i t a  i n s t a l l e d  c a p a c i t y  f r o m  1972 t o  2020. It 

was i n a c c u r a t e  t o  Seg i n  w i t h ,  by assuv ing  n c o n t  i n u a t  i o n  o f  t h e  

h i s t o r i c a l  7.87; annual  g rowth  t i l l  19e0, w i t h  a g r a d u a l  r e d u c t  i o n  

t i l  I 2020 t o  3.75;. I n  1971:, e l e c t r i c a l  depand a c t u a l l y  decreased 

.56$ below t h e  1973 : e v e l .  

The p r o j e c t  i on  o f  e l e c t r  i c a l  demand was based on assumpt i o n s  

o f  f u t u r e  p o p u l a t i o n  g r o w t h ,  s i z e  o f  work f o r c e ,  r a t e s  o f  l a b o r  

p r o d u c t  i v  i t y ,  t o t c l  ene rgy  demand, and g r o s s  Rat i o n a l  p r o d u c t .  I n  

gur  conments on t h e  P F i S ,  we ana lyzed  eac:, p a r a n e t e r .  li/e no ted  t h a t  

I n  e v e r y  case t h e s e  were h i g h  i n  compar ison t o  e s t i m c t e s  o f  o t h e r  

e x p e r t s , c 2 k r  because t h e  d a t a  used ! / e r e  s e i i e r a l  yeclrs o l d ,  cr  

because of an u n v i l  I ingness t o  accep t  t h e  r e l e v a n c e  o f  c i r c r r n -  

s t a n c e s  wh i c h  changed draniat  i c n l  i y i n  1974. 

The PFES, d a t e d  December 1974, Used a 1972 Bureau o f  t h e  

Census popul  at i o n  p r o j e c t  i on ,  a l t h o u g h  t h e s a  f i g u r e s  a r e  issued 

s e v e r a l  t i m e s  a y e a r .  The e s t i , T a t e  assumed a f e r t i l i t y  r a t e  o f  

2.1 c h i l d r e n  For  ecch  womn,  l e a d i n g  t o  a p o p u l a t i o n  i n  2000 o f  

271 m i l  I i o n  people. The 1375 dureau o f  t h e  Census e s t  i n a t e  f o r  

a f e r t  i l  i t y  r a t e  o f  2.1 has droppeci t o  262 m i l l  i on ,  o r  3.4;; l ess .  

I n  1974, E l e c t r  i c a l  ! : ' o r l d ' s  p o p u l s t  i o n  e s t i m a t e  e x t r a p o l a t e d  t o  

2090 wor:Id be 256 n i l l i o n ,  o r  65; l e s s .  I n  1974, t h e  C o u n c i l  on 

E n v i r o n m n t c l  Gus: i t y  assumeo' a T e r t ' i l  i i -y  r a t e  OF 1.8, y i e l d i n g  

I .  
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a p o p u l a t i o n  i n  2000 o f  253 m i l l  i on ,  o r  85 l e s s .  In f c c t ,  t h e  

a c t u a l  r a t e  hcs  dropped each yea r  s i n c e  1972, and was 1.8 i n  

1974, w i t h  no f c c t o r s  d e v e l o p i n g  t h a t  suggest  (7 r e v e r s a l  i n  t h i s  

t r e n d .  The l c t e s t  Bureau o f  t h e  Census p r o j e c t i o n  f o r  a f e r t i l i t y  

r a t e  o f  1.7 i s  245 m i l l i o n  peop le  by 2000, which is  10% below t h e  

assumpt i o n  o f  t h e  A tomic  Energy Commission ( A E C ) .  

The AEC assumed thcr: changes i n  age c o m p o s i t i o n  o f  t h e  poprt la- 

t i o n ,  wh ich  a f f e c t  t h e  s i z e  o f  t h e  work f o r c e ,  would n o t  be apparen t  

u n t i l  t h e  l a t e  1990s. The McGraw-Hi1 I Economics Cepartment ex- 

p e c t s  t h e  l a b o r  f o r c e  t o  g r o v  l e s s  r a p i d l y  b e g i n n i n g  w i t h  t h e  l a t e  

1970s due t o  changes i n  age cornposi t  ion.  

The AEC assumed a 2.65 inc rease  i n  l a b o r  p r o d u c t i v i t y  p e r  

employee p e r  yea r  c o n t  i n u i n g  t i l  I 2020. f~:cGraw-t i i l  I p r e d i c t s  a 

2.3.3; i n c r e a s e  t i l l  1988, as a r e s c t l t  o f  t h e  d e c l i n e  i n  1974 a l o n e .  

The AEC assumed a h i s t o r i c a l  t o t a l  energy g r o w t h  r a t e  o f  4.0$ 

t i l  I 1980, d e c l  i n i n g  t o  3.55 g r o w t h  t i l l  2030, and t h e n  3.25 t i l  I 

2020. I n  f a c t ,  t o t a l  energy demand dropped 3.35 i n  1474 compared 

w i t h  1973. 

The ACC assumed a c o n t i n u a t  i o n  o f  thc? h i s t o r i c a l  GiVP g rowth  

r a t e  o f  3.7:;. L ; 'h i le  i n  SeptcmSer 1973 E l e c t r i c a l  i t 'or ld agreed 

w i t h  t h a t  p r o j e c t i o n  t h r o u g h  1990, by September 1974 t h e y  had 

r e v i s e d  t h e i r  p r o j e c t i o n  t o  1995 t o  34;. That was p r i o r  t o  t h e  

a c t u a l  f o u r t h - q u a r t e r  1974 d e c l i n e  o f  a lmos t  9.5;,. I n  Narch 1975, 

t h e  E i e c t r i c a l  , , 'or id p r o j e c t i o n  f o r  1975 !#as -2.3,,. 

2. 

n 
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The PFES f a i l e d  t o  c o n s i d e r  such f u t u r e  e v e n t s  CIS a r e t u r n  

t o  “ i n t e r m e d i a t e  t e c h n o l o g y N  ! /h i c h  i s  l e s s  energy-  i n t e n s i v e ,  an 

i n c r e a s e  i n  t h e  s e r v i c e - o r  i e n t e d  p o r t  i on  o f  t h e  economy, marke t  

s a t u r a t i o n  o f  c e r t a i n  e l e c t r i c a l  uses,  t h e  use o f  r e c y c l e d  m e t a l s  

i n  i n d u s t r i e s ,  such as aluminurn and s t e e l ,  t h a t  a r e  h i g h l y  

e l e c t r i c  i t y -  i n t e n s i v e  when u s  ing p r i m a r y  o r e s ,  e t c .  

The PFES o l s o  f a i l e d  t o  c o n s i d e r  t h e  e f f e c t s  o f  p r i c e  

e l a s t i c i t y  on demand. I n  1974, s e v e n t y - e i g h t  u t  i t  i t y  c o n p a n i e s  

requesteo‘  p r i c e  i n c r e c s e s ,  t r  i p l  ir;g t h e  a,Tount pe r  i n c r e a s e  over  

1970. I n  i t s e l f ,  t h e  averaoe 1974 p r i c e  i nc rease  o f  24;;, u s i n g  

t h e  Chapnan, T y r r e l l  and biount a n a l y s i s ,  s h o u l d  l ead  t o  an  

e v e n t u a l  demand 3G;‘> lower  t h a n  i t  would o t h e r w i s e  have been. A 

d r o p  o f  130 s h o u l d  be apparen t  by 1981. 

Chapman e t  a /  p r o j e c t e d  a l o i f  e l e c t r i c a l  demand o f  2.01 

t r i l l  i o n  kwhr i n  2000, or  61.;~ l e s s  t h a n  t h e  AEC base case/  f o r  t h c t  

y e a r .  The 1974 exper  ience makes t h i s  seem f a r  f r o m  i m p o s s i b l e .  
The 1 0 ~ 4  p r o j e c t  i o n  
/ was based cn  c n  average annual  e l e c t r i c a l  p r i c e  i n c r e a s e  o f  3.3,; 

o v e r  1970 v a l u e s  f o r  t h i r t y  y e a r s .  I n  one y e a r ,  197rC, t h e  i n c r e a s e  

o f  10.6 k:vhr 

was 24%;. T h i s  : /as coup led  i n  t h e  p r o j e c t i o n  w i t h  a p o p u l a t i o n  

g r o w t h  o f  1.4;g pe r  y e a r ;  i n  1974 i t  was 0.7;;. The I O U  p r o j e c t  i o n  

m a i n t a i n e d  CI Grit‘ g r o w t h  of 44;; i n  I474  i t  d e c l  ined 2. 1 5 .  Per  

c a p i t a  p e r s o n o i  incone g r o w t h  I;’GS p r o j e c t e d  a t  2.5:’J p e r  y e a r ;  

1974 unemployment recched  c l o s e  t o  3;;. 

i n  

hfh i l e  we were encouraged t o  f i n d  t h a t  t h e  *Energy Research 

ang‘ Developrnsnt .Idmin i s t r a t  i o n  (? ; ;<A)  i s s u ~ d  c p r e - h e a r i n g  s t a f c -  

ment i n  response  t o  v r i t t e n  comments, we found t h e i r  r e v i s e d  

3 .  
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p r o j e c t i o n  of demand s t i l l  e x c e s s i v e .  O f  cou rse  E.?DA w i l l  have 

t o  c l a r i f y  i t s  r a t i o n a l e  and t h e  v a l u e s  o f  t h e  pa ramete rs  us9d t o  

r e a c h  t h  i s  r e v i s e d  p r o j e c t  i on .  

The r e v i s i o n  would lower t h e  base case f o r  t h e  yea r  2020 by 

abou t  2577, t o  about  21 t r  i l  I i o n  kwhrs,  o r  ove r  t w e l v e  t imes t h e  

1.7 t r i l l i o n  kwhrs s o l d  i n  1974. It i s  s t a t e d  t h a t  t h e  -25':: case 

would lower  t h e  10;; d i s c o u n t e d  b e n e f i t s  t o  c b o u i  S I 4  b i l l  ion.  At 

t h e  c u r r e n t l y  e s t i m a t e d  R & D c o s t  o f  o v e r  $10 b i l  I i on ,  t h i s  y i e l d s  

a b e n e f i t l c o s t  r a t i o  o f  under  1.4. 

Somewhat con fus  ing was E2DA Is s t a t e m e n t  t h a t  a t  -5053 o f  the 

base case,  wh ich  wou ld  be a demand o f  a lmos t  I 4  t r i l l  i o n  kwhrs i n  

2020, 10,; d i s c o u n f e d  b e n e f i t s  would be reduced t o  about  510 b i l l  i nn .  

li'e f ound  t h e  g r o s s  b e n e f i t  t o  be t h i s  h i g h  i n  t h e  A E C I s  c o s t /  

b e n e f i t  a n a l y s i s  i n  o n l y  one ccse ,  w i t h  a b reeder  i n t r o d u c t i o n  

d a t e  o f  1987, Which i s  beyond p o s s i S i l i t y ,  and low u ran ium s u p p l y .  

Even h e r e ,  w i t h  t h e  g i v e n  A 0 3 c o s t  l e s s  t h a n  h a l f  t h a t  now 

e x p e c t e d ,  t h e  benef  i t l c o s t  r a t  i o  was o n l y  1.0. 

r lhereas t h e  PFES c i t e d  demand p r o j e c t i o n s  made by t h e  F e d e r a l  

Power Commission ( F P C )  f rom 1969 t o  1973, v,o co#-rpared cases 

p r o j e c t e d  i n  1974 by t h e  F P C ' s  T e c h n i c a l  A d v i s o r y  Co f i i a i t t ee  on 

F i n a n c e .  ;,'e found t h a t  t h e  p r o j e c t i o n  c o n s i d e r e d  by t h e  A-CC t o  

be 501, b c l o r i  t h e i r  r3ase case of 7.8;; h i s t o r i c a l  gro iv tn  t i l l  1980, 

was above t h e  F2C p r o j e c t i o n  f o r  on a l l - e l e c t r i c  cas;? n c c e l e r a t e d  

beyond h i s t o r i c a l  g r o w t h  i n  t h a t  p e r i o d .  S i n i l a r l y ,  i n  1990, t h a  

X C  -50,3 casc i:'os s t i l l  above t h e  FPC p r o j e c t i o n  f o r  historical 

g r o w t h . 
4 .  
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F i n a l l y ,  t h e  dynamics OF p r o f  i t a b i l  i ? y  t o  n u c l e a r  m a n u f a c t u r -  

e r s  and u t i l i t i e s  s h o u l d  n c t  be confused v i t h  t h e  p u b l i c ' s  t r u e  

need f o r  e l e c t r i c a l  power. E R D R ' s  s ta temen t  says  t h a t  t h e  AEC 

s e l e c t e d  t h e  Li.Fi32 as i t s  h i g h e s t  p r i o r i t y  p a r t l y  because o f  

e x i s t i n g  i n d u s t r y  s u p p o r t .  The AEC and t h e  n u c l e a r  i n d u s t r y  

c o o p e r a t e d  in  t h e  e a r l  ;es t  d a y s  c f  d e f i n i n g  the hreeder  p r o j e c t  i n  
t o  a r r a n g e  

1969, and c o n t  inued t o  c'o s o / f  o r  t h e  de ve i opment , des  i g n ,  c o n s t r u c -  

t i o n  acd o p e r a t  i o n  o f  t h e  CI i nch  r : iver demons t ra t  i o n  p l o n t .  

For m a n u f a c f u r e r s  and u t  i l  i t  i e s ,  g r o w t h  i n  k i l o v a t t  hour 

s a l e s  i s  c r u c  icl t o  m a i n t a i n i n g  a c c e p t a b l e  e a r n i n g s  pe r  s h a r e .  

Fcced ! d i i h  s h o r t a g e s  flnd r i s i n g  c o s t s  o f  f o s s i l  f u e l s ,  t h e y  c l a i m  

t h a t  g r o w t h  i n  demand r e q u i r e s  increased r e 1  iur1ct7 on  n u c l e a r  f u e l s ,  

and c o n t  inued r e  I iance on nuc I e a r  ccpn5 i I i t y  requ  i r e s  a n  evo l u t  i o n  

t o  a b reeder  eccnony.  T h i s  w i l l  p r o t e c t  t h e  330 b i l l i o n  a l r e c d y  

i n v e s t e d  i n  t h e  n u c l e a r  i n d u s t r y .  

The A t o m i c  I n d u s t r i a l  Fo run  ( A I F )  has s t a t e d  t h a t  ' t h e  long- 

t e r m  f u t u r e  o f  t h s  n u c l e a r  i n d u s t r y  i s  c l o s e l y  t i e d  to t h e  d e v e l o p -  

ment of  t h e  b r e e d e r  r e c c t u r " .  They have doub led  t h e i r  annual  

budget  t o  $1.2 n i l 1  i o n  t h i s  yea r  i o  ge t  t h e i r  m s s c g e  cc ross .  

The i F  eG'ucat i o n  ccnpa i g n  i n c l u d e s  i n  i t  i a l  empins is  on i n f o r m  inr; 

EADA, a s  ve l  I as t h e  i i u c l e a r  R e g u l a t o r y  C o a n i s s i o n ,  f e d e r a l  Energy 

A d m i n i s t r a t  i on ,  and key C o n g r e s s i o n a l  c o r m i t t e e s  and t h e i r  s t u f f s .  

;7'e w i l l  t h e r e f o r e  no doub t  hear  t h i s  n f t e r n o 9 n  an argcment 

t o  s u p p o r t  t h e  c o n c l u s i o n  t h a t  t h e  e l e c t r i c a l  needs o f  t h i s  n a t i o n  

are so l a r g e  ar;d a r e  I i k e l y  t o  g r o w  t o  such an e x t e n t  t h a t  t h e  

L r e e d e r  i s  an e s s e n t i a l  component o f  o u r  ene rgy  f u t u r e ,  p c r t i c u -  
/\ 

l c r l y  i f  rc/e o r e  t o  a t t c t i n  energy ;nde;nendence. 
5 *- 
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SUMMARY 

One y e a r  ago t h e  Atomic Energy Commission (AEC) r e l e a s e d  a 

D r a f t  Environmental  S ta tement  on t h e  Liquid  Metal F a s t  Breeder  

Reactor Program. The S c i e n t i s t s '  I n s t i t u t e  f o r  P u b l i c  Informat ion  

(S IPI )  found t h i s  document g r o s s l y  i n a d e q u a t e ,  and c a l l e d  f o r  a 

new d r a f t  t h a t  s e r i o u s l y  conf ron ted  " t h e  complex i s s u e  of  how b e s t  

t o  produce and use  t h e  energy t h a t  i s  e s s e n t i a l  t o  t h e  n a t i o n ' s  

f uturel '  . 
A s  one of i t s  l a s t  ac t s ,  t h e  AEC r e l e a s e d  a Proposed F i n a l  

Environmental  S ta tement  on t h e  b r e e d e r  program, g i v i n g  i t s  suc-  

c e s s o r ,  t h e  Energy Research and Development Admin i s t r a t ion  (ERDA) , 
t h e  o p t i o n  t o  adopt  t h e  S ta tement  a f t e r  review. 

made a cosmet i c  a t t e n p t  t o  improve some o f  t h e  blemishes exposed 

by commentors, it remains o u t d a t e d ,  i ncomple t e ,  i n a c c u r a t e  and 

mis l ead ing .  This  S ta tement  con t inues  t o  be an inadequa te  document 

upon which t o  base  a d e c i s i o n  t h a t  w i l l  i n f l u e n c e  t h e  s t r u c t u r e  of 

s o c i e t y  f o r  decades t o  come. 

While t h i s  r e v i s i o n  

P a r t i c u l a r l y ,  it f a i l s  t o  c o n f r o n t  t h e  impacts  of changes 

cf g r e a t  magnitude t h a t  have occur red  i n  t h e  p a s t  s i x  months,  bo th  

w i t h i n  t h e  agency r e s p o n s i b l e  f o r  i s s u i n g  t h e  S t a t e m e n t ,  and i n  

t h e  American n a t i o n  i t s e l f .  A s  a r e s u l t ,  S IP I  concludes t h a t  t h e  

S ta tement  must be withdrawn by ERDA,  and t h e  b r e e d e r  program m u s t  

b e  completely r e a s s e s s e d ,  i n c o r p o r a t i n g  new comments made by t h e  

p u b l i c ,  b e f o r e  p r e s e n t a t i o n  of  a r e l e v a n t  envi ronmenta l  impact  

s t a t e m e n t .  

The - Lead Agency 

Th i s  Statemenr. --- w a s  p repa red  by t h e  X C ,  which was c r e a t e d  by 

t h e  Atomic Energy A c t  of 1 3 4 6 ,  amended i n  1 9 5 4 ,  w i t h  t h e  paramount 

o b j e c t i v e  of a s s u r i n g  and maximizing rtkil i tary de fense  and s e c u r i t y  
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th rough t h e  development and c o n t r o l  o f  a tomic  energy .  The AEC was 

a b o l i s h e d  by ac t  of Congress i n  1974,  and i t s  n u c l e a r  r e s e a r c h  and 

development a c t i v i t i e s  were i n h e r i t e d  by ERDA. 

ERDA has  been a s s igned  a d d i t i o n a l  r e s p o n s i b i l i t i e s  under  t h e  

Energy Reorgan iza t ion  A c t  o f  1974, t h e  F e d e r a l  Nonnuclear Energy 

Research and Development A c t  of 1974, t h e  S o l a r  Heat ing  and Cooling 

A c t  o f  1974,  t h e  S o l a r  Research,  Development and Demonstrat ion A c t  

o f  1974,  and t h e  Geothermal Energy,  Development and Demonstrat ion 

A c t  o f  1974. While t h e  Proposed F i n a l  Environmental  S ta ten .en t  was 

mai led  t o  commentors by t h e  AEC, ove r  t h e  s i g n a t u r e  of James L.  

Liverman, on December 31 ,  1974, ERDA d i d  n o t  o f f i c i a l l y  beg in  

o p e r a t i o n  u n t i l  January  1 9 ,  1975, a l though D r .  Robert  C.  Seamans, 

Jr. took o f f i c e  as Admin i s t r a to r  on December 3 0 ,  1 9 7 4 .  

E R D A ' s  mandate i s  q u i t e  d i f f e r e n t  from t h e  A E C ' s :  t o  i n c r e a s e  

t h e  e f f i c i e n c y  and r e l i a b i l i t y  of t h e  use  of - a l l  energy s o u r c e s  t o  

meet t h e  needs of p r e s e n t  and f u t u r e  g e n e r a t i o n s ,  w h i l e  advancing 

t h e  g o a l s  of r e s t o r i n g ,  p r o t e c t i n g  and enhancing envi ronmenta l  

q u a l i t y ,  and a s s u r i n g  p u b l i c  h e a l t h  and s a f e t y .  The v a r i o u s  m e -  

t hods  of u t i l i t i z i n g  s o l a r  ene rgy ,  whose c o n t r i b u t i o n s  are mini- 

mized and d i f f i c u l t i e s  exaggera ted  i n  t h e  S t a t e m e n t ,  a r e  

s p e c i f i c a l l y  named as w a r r a n t i n g  p r i o r i t y  by ERDA. Maximum 

c o n s e r v a t i o n  measures ,  s imimarly minimized i n  t h e  S t a t e m e n t ,  are 

a l s o  s p e c i f i e d  as an ERDA goa l .  

I n  a d d i t i o n  t o  E R D A ' s  A s s i s t a n t  Admin i s t r a to r s  i n  cha rge  o f  

n i lc lear  energy  and n a t i o n a l  s e c u r i t y ,  t h e r e  are a l s o  A s s i s t a n t  

A d m i n i s t r a t o r s  i r r  charge  o f  f o s s i l  energy;  environment  and s a f e t y ;  

solar ,  geothermal  and advanced energy sys tems;  and c o n s e r v a t i o n .  

W h i l e  ERDA r e c e i v e d  a l a r g e  t r a n s f e r . o f  pe r sonne l  from t h e  AEC,  
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t h e r e  a r e  a l s o  1165  employees t ransferred f r o m  th-e Department of 

t h e  I n t e r i o r ,  t h e  N a t i o n a l  Sc ience  Foundat ion,  and t h e  Environmental  

P r o t e c t i o n  Agency. I t  i s  appa ren t  t h a t  t h e i r  areas of competence 

are n o t  r e f l e c t e d  i n  t h e  S ta t emen t .  

A comparison i s  appended a t  t h e  end o f  t h i s  i n t r o d u c t o r y  

c h a p t e r ,  which d e t a i l s  t h e  many areas i n  which t h e  r e s p o n s i b i l i t i e s  

of ERDA d i f f e r  from t h o s e  of  t h e  AEC, i n c l u d i n g  t h e  d i s semina t ion  

of  i n f o r m a t i o n  t o  t h e  p u b l i c .  

ERDA i s  r e q u i r e d  by June 3 0 ,  1975  t o  p r e s e n t  t o  Congress t h e  

n a t i o n ' s  f i r s t  comprehensive p l a n  for energy r e s e a r c h ,  development 

and demons t r a t ion ,  t o  ach ieve  shor t - t e rm ( t o  t h e  e a r l y  1980's), 

middle-term ( e a r l y  1 9 8 0 ' s  t o  2 0 0 0 )  , and long-term (beyond 2 0 0 0 )  

s o l u t i o n s .  This  p l a n  i s  t o  be  accompanied by a comprehensive 

program t o  implement E R D A ' s  nonnuclear  f u n c t i o n s ,  and w i l l  i n c l u d e  

an e v a l u a t i o n  of c o s t s  as w e l l  as economic, envi ronmenta l ,  t ech -  

n o l o g i c a l  and s o c i a l  m e r i t s .  Th i s  p l a n  i s  c u r r e n t l y  i n  p r e p a r a t i o n ,  

w i t h  t h e  a s s i s t a n c e  of t h e  Mitre Corpora t ion ,  and TRW, Inco rpora t ed .  

I t  w i l l  have t h e  b e n e f i t  of review w i t h i n  s i x t y  days by t h e  con- 

g r e s s i o n a l  O f f i c e  of Technology Assessment.  

The N a t i o n a l  Environmental  P o l i c y  A c t  (NEPA) s p e c i f i e s  t h a t  

t h e  l e a d  agency i n  a proposed a c t i o n  m u s t  p r e p a r e  an o r i g i n a l  

envi ronmenta l  impact  s t a t e m e n t  and may n o t  a c c e p t  one " c a r t e  

b lanche"  from ano the r  agency (Greene County vs  . FedeLal Power 

Commission and Kalur  vs .  R e s o r ) .  Through no f a u l t  of i t s  own, 

ERDA has  been p l aced  i n  t h e  p o s i t i o n  of having  t o  answer t o  t h e  

p u b l i c  f o r  a s t a t e m e n t  which i t  d i d  n o t  p r e p a r e ,  and which f a i l s  

to s a t i s f y  i t s  own mandate as w e l l  as s e v e r a l  requi rements  of NEPA,  

i n c l u d i n g  f a l l  d i s c l o s u r e  t o  t h e  a f f e c c e d  c o r n u n i t y .  
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F o r t u n a t e l y ,  b e f o r e  t h e  end o f  t h i s  f i s c a l  y e a r ,  ERDP. shou ld  

have a b e t t e r  i d e a  of  what p l a c e  i t  c o n s i d e r s  t h e  b r e e d e r  program 

shou ld  have i n  a comprehensive n a t i o n a l  energy p l a n ,  and be a b l e  t o  

beg in  p r e p a r a t i o n  o f  a new s t a t e m e n t  w i t h  a more c u r r e n t  d a t a  base .  

An Example of t h e  S t a t e m e n t ' s  D e f i n i t i o n  of "Cur ren t "  

I n  basic  ways, t h e  Proposed F i n a l  Environmental  S ta tement  

(PFES) remains unchanged from t h e  D r a f t  Environmental  S ta tement  

(DES). An example f o l l o w s ,  t aken  from one s m a l l  s e c t i o n  of t h e  

Summary volume. 

Volume I ,  S e c t i o n  2 . 1  o f  t h e  PFES, " R e l a t i o n s h i p  of t h e  LMFBR 

Program t o  t h e  U.S. Energy Economy" , i s  twenty- f ive  pages l o n g ,  and 

c o n t a i n s  a t o t a l  of s even teen  f i g u r e s  and t a b l e s .  S i x t e e n  of  t h e s e  

are i d e n t i c a l  w i t h  t h o s e  t h a t  appear  i n  t h e  same s e c t i o n  o f  t h e  

DES, and w e r e  g e n e r a l l y  produced i n  1 9 7 2  o r  e a r l i e r .  The one 

a d d i t i o n  t o  t h e  PFES i s  a f i g u r e  comparing 1 9 6 8  p e r  c a p i t a  income 

and energy  consunpt ion .  

The PFES S e c t i o n  2.1.3.3., d e a l i n g  w i t h  t h e  "Current  S i t u a t i o n "  

i n  t h e  g e n e r a t i o n  of e l e c t r i c i t y ,  p r e s e n t s  Table 2 . 1 - 1 1 ,  i d e n t i c a l  

to t h e  DES Table  2 . 1 - 1 1 ,  g i v i n g  U . S .  e l e c t r i c a l  u t i l i t y  i n d u s t r y  

s t a t i s t i c s  f o r  1 9 7 2 .  S i m i l a r  s t a t i s t i c s  a r e  pub l i shed  f o r  1 9 7 3  and 

beyond i n  monthly i s s u e s  of  t h e  F e d e r a l  Energy A d m i n i s t r a t i o n ' s  

Monthly Energy Review pub l i shed  i n  1 9 7 4 ,  and so w e r e  c e r t a i n l y  

a v a i l a b l e  t o  t h e  AEC a t  t h e  t i m e  t h e  PFES w a s  b e i n g  p r e p a r e d .  

S e v e r a l  i d e n t i c a l  Tables  ( 2 . 1 - 1 2 ,  2.1-13, 2 . 1 - 1 4 )  which w e r e  

produced i n  1972 c o n t a i n  p r o j e c t i o n s  of p o p u l a t i o n ,  energy  consump- 

t i o n ,  and/or g e n e r a t i n g  c a p a c i t y .  (The PFES bases  i t s  p r o j e c t i o n s  

f o r  e l e c t r i c a l  demand on 1 9 7 2  Bureau of t h e  Census p r o j e c t i o n s ,  
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though t h e s e  are r e v i s e d  several  t i m e s  a y e a r .  1 * 
Compared word f o r  Word, t h e  PFES S e c t i o n  2.1.3.4 d e a l i n g  w i t h  

" P r o j e c t i o n s  of Futu re  E l e c t r i c a l  Demand'' i s  s u b s t a n t i v e l y  i d e n t -  

i c a l  w i t h  t h e  same s e c t i o n  of t h e  CES, wi th  t h e  s u b s t i t u t i o n  of 

" t h e r e  i s  wide agreement' '  i n  one i n s t a n c e  where " t h e r e  i s  u n i v e r s a l  

agreement" had appeared ,  and t h e  a d d i t i o n  o f  "bu t  now w e  must add 

t h e  e x p e c t a t i o n  t h a t  e l e c t r i c a l  energy w i l l  be  s u b s t i t u t e d  €o r  

a p p l i c a t i o n s  t h a t  had been se rved  d i r e c t l y  by dwindl ing  o i l  and g a s  

s upp li es " . 
T o  s u p p o r t  i t s  own p r o j e c t i o n s  of e l e c t r i c a l  demand, t h e  

S ta t emen t  c i t e s  p r o j e c t i o n s  t h a t  were made by the Federal Power 

Commission (FPC) from 1969 through 1 9 7 3  (pp 2.1-14,15) .  Y e t  

p r o j e c t i o n s  r e l e a s e d  by t h e  FPC i n  1 9 7 4  are s u b s t a n t i a l l y  lower 

t h a n  t h e s e  A p r o j e c t i o n  cons ide red  by t h e  AEC t o  be  50% below 

t h e i r  base  case of h i s t o r i c a l  growth of 7.8% p e r  y e a r  till 1980 

(p .  11.2-9 

a c c e l e r a t e d  beyond h i s t o r i c a l  growth i n  t h a t  p e r i o d .  

t h e  AEC -508 case w a s  s t i l l  above t h e  FPC p r o j e c t i o n  €o r  h i s t o r i c a l  

growth till 19.90. * * 

w a s  above t h e  FPC p r o j e c t i o n  f o r  an a l l - e l ec t r i c  case 

SimiLar ly ,  

The Cos t -Benef i t  Ana lys i s  

The S ta t emen t  claims t h a t  " t h e  range  o f  v a r i a b l e s  explored  i n  

t h e - c o s t - b e n e f i t  a n a l y s i s  ... ( e .g .  cases which assume a 5 0 %  re- 

d u c t i o n  i n  t h e  base  case p r o j e c t i o n  of e l ec t r i ca l  demand i n  t h e  

* P u b l i c a t i o n s  Order  Form: Cur ren t  Popu la t ion  Repor t s ,  U . S .  Dept. 
of Commerce, Bureau of t h e  Census,  Form BC-2340, October ,  1 9 7 3 .  

** A Repor t  t o  t h e  F e d e r a l  Power Cornmission by t h e  Technica l  Advisory 
Committee - Finance ,  The Finaqc1  a l  ~ i ~ t l o o k  io:- ___~_-___--_I  + ! i ~  U. S . T ! e c t r i c  
Power Industry, Decemuer 1371 ( P r k l i n i n a r y  heicasc3i , pp.  ; 2 ,  7 6 ,  
139,  1 4 0 .  

I____________ 
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y e a r  2 0 2 0 )  appea r s  t o  p rov ide  adequate  i n s i g h t  i n t o  t h e  p o s s i b l e  

e f f e c t s  of  major u n c e r t a i n t i e s  i n  t h e  assumptions used" .  

f u r t h e r  claims t h a t  b e n e f i t s  are reduced below cgsts only  when a 

number o f  assumptions are s imul t aneous ly  weighted  i n  a manner which 

is cons ide red  u n l i k e l y  t o  occur  ( p .  11s-1). 

I t  

We observe that these "unlikely" circumstances only begin to 

touch  upon c u r r e n t  and r e a l i s t i c  i n t e r a c t i o n s  of t h e  chosen pa ra -  

meters. I t  i s  from t h i s  p o i n t  t h a t  ERDA may have t o  beg in  t o  

p r e p a r e  new i n p u t  t o  t h e  econometr ic  model, p r o v i d i n g  c u r r e n t  

i n fo rma t ion  on t h e  de layed  b r e e d e r  i n t r o d u c t i o n  d a t e ,  i n c r e a s e d  

c a p i t a l  c o s t s ,  lower energy  demand compounded by a l l  t h e  parameters  

c i t e d ,  more o p t i m i s t i c  uranium s u p p l y ,  and i n c r e a s e d  r e s e a r c h  and 

development c o s t s .  A d i s c u s s i o n  of each  of t h e s e  parameters  

fo l lows .  

LMFBR I n t r o d u c t i o n  Date 

Of f i f t y - s i x  cases r u n  i n  t h i s  "updated" c o s t - b e n e f i t  a n a l y s i s  

which cons ide red  i n t r o d u c t i o n  of t h e  LMFBR, only  f o u r  p o s s i b l e  d a t e s  

were e v a l u a t e d  (Appendix 1 V . D )  : 

Year o f  
i n t r o d u c t i o n  

1985 
1987 
19 aa  
1991 

N o .  of c a s e s  
cons idered/year  

6 
40  

4 
6 

Y e t  t h e  most r e c e n t  pronouncement of t h e  d a t e  of i n t r o d u c t i o n *  

hoped f o r  t h e  g e n e r a t i o n  of e l e c t r i c i t y  by t h e  b r e e d e r  " i n  t h e  

e a r l y  1 9 9 0 s "  , i f  t h e r e  w a s  " e x t e n s i v e  i n d u s t r i a l  and governmental  

* Sum.ary S h e e t  accompanying l e t t e r ' o f  t r a n s m i t t a l ,  d a t e d  
February 11, 1 9 7 5 ,  U.S. Atomic Energy Commission, along w i t h  
Proposed Final Environmental  S t a t emen t ,  Liquici Metal  F a s t  Breeder  
R e  a c t o r  '2 r o qr Z-J . 
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coope ra t ion" .  

c a n c e l l a t i o n  by u t i l i t i e s  of  170,000 o u t  o f  360,000 mw ( 4 7 % )  of 

This  r e f e r r e d  i n  p a r t  t o  t h e  defer rment  and 

g e n e r a t i n g  c a p a c i t y ,  i n  1974, due t o  major f i n a n c i n g  d i f f i c u l t i e s . "  

T h e r e f o r e ,  a t  most ,  on ly  1 0 . 7 %  of cases run  w e r e  p o s s i b l y  re- 

l e v a n t .  A meaningful  S ta tement  would have t o  cons ide r  s e v e r a l  

i n t r o d u c t i o n  d a t e s  beginning  w i t h  1 9 9 1 ,  r e f l e c t i n g  a p e n a l t y  f o r  

each  y e a r  o f  d e l a y .  I n  t h e  S ta t emen t ,  t h i s  p e n a l t y  i s  d e s c r i b e d  as 

fo l lows :  "Delaying t h e  i n t r o d u c t i o n  d a t e  €o r  t h e  LMFER reduces  thg  

b e n e f i t s  by $4 t o  14 b i l l i o n  p e r  y e a r  of  d e l a y ,  w i t h  t h e  e x a c t  

va lue  depending upon t h e  uranium supply  and t h e  energy demand" 

(p .  11.2-15). 

C a p i t a l  Cos ts  

The assumption is made i n  t h e  S ta tement  t h a t  a d e c r e a s e  w i l l  

o c c u r  i n  t h e  c a p i t a l  c o s t  of  t h e  LMFBR, due t o  t h e  l e a r n i n g  p rocess  

a s s o c i a t e d  wi th  t h e  i n t r o d u c t i o n  of a new p l a n t  t y p e ,  from $520/kwe 

i n  1985 d e c l i n i n g  t o  $360/kwe i n  2 0 0 0 ,  i n  1 9 7 4  d o l l a r s  (p .  1 1 . 2 - 1 . 2 ) .  

Comparing t h i s  t o  t h e  expe r i ence  w i t h  l i g h t  water n u c l e a r  

r e a c t o r s ,  w e  f i n d  an o r i g i n a l  estimate of  $135/kwe r a i s e d  t G  $ 2 4 0 /  

kwe, t h e n  $350/kwe. and l a t e r  t o  $400-$510/kwe-. i n  an e i g h t  y e a r  

p e r i o d .  I n  r e a l  c o s t s ,  d u r i n g  t h e  two years 1 9 7 1  t o  1 9 7 3 ,  t h i s  

amounted t o  a $90 m i l l i o n  c a p i t a l  c o s t  i n c r e a s e  f o r  a 1 0 0 0  mwe LWR.** 

Research and Development Cos ts  

While t h e  maximum undiscounted  r e s e a r c h  and develoDment c o s t  

used i n  t h e  S ta tement  i s  $8 .7  b i l l i o n ,  o r  g e n e r a l l y  $4.7 b i l l i o n  a t  

* " U t i l i t i e s :  Weak P o i n t  i n  t h e  Energy F u t u r e " ,  Bus iness  Week, 
January  2 0 ,  1975,  p .  4 6 .  

+*Power P l a n t  C a s t a l  Costs-, WASH-1345 , U . S .  Atomic Energy Conmi- 
s s i o n ,  October  1 5 7 4 ,  pp.  5 ,  7 ,  8.  
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t h e  accep ted  10% d i s c o u n t  r a t e  !Appendix I V - D )  t h e  AEC e s t i m a t e d  

i n  Jzinuary 1975 t h a t  i t  would r e q u i r e  $10  b i l l i o n  of government 

funds p l u s  s u b s t a n t i a l  p r i v a t e  funds t o  deve lop  t h e  b r e e d e r  i n t o  a 

commercially v i a b l e  energy  o p t i o n .  * 

D r .  Seamans h imsel f  has  s a i d ,  "The u n s t a b l e  f i n a n c i a l  s i t u a t i o n  

has  c e r t a i n l y  c o n t r i b u t e d  t o  problems i n  t h e  development of t h e  

f a s t  b r e e d e r  ... c o s t  over - runs  have f a r  exceeded t h e  r a t e  of 

i n f l a t i o n . "  * *  

E l e c t r i c a l  Demand 

Although 1 9 7 4  and 1975 have been d e s i g n a t e d  " s h r i n k  y e a r s "  

t h a t  have caused t h e  Edison E l e c t r i c , I n s t i t u t e ,  E l e c t r i c a l  World, 

and t h e  F e d e r a l  Power Commission, as w e l l  as v a r i o u s  e l e c t r i c a l  

u t i l i t y  and manufac tur ing  c o r p o r a t i o n s  t o  r e v i s e  t h e i r  former p re -  

d i c t i o n s  of  f u t u r e  e l e c t r i c a l  growth r a t e s ,  t h e  S ta tement  e x p l i -  

c i t l y  re jec ts  t h i s  c o u r s e ,  c o n s i d e r i n g  i t  "most p ruden t "  t o  c e n t e r  

i t s  own demand p r o j e c t i o n s  on h i s t o r i c a l  expe r i ence  (p .  1 1 . 2 - 5 5 ) .  

Th i s  i s  i n  c o n t r a d i c t i o n  of  i t s  own admission t h a t  "Any p r o j e c t i o n  

model used t o  estimate e l e c t r i c a l  energy growth depends d i r e c t l y  

on t h e  cont inued  r e l e v a n c e  of  t h e  parameters  s e l e c t e d "  (p .  1 1 . 2 - 5 7 ) .  

Parameters used  i n  t h e  S ta tement  t o  D r e d i c t  f u t u r e  e l e c t r i c a l  

demand a r e  p o p u l a t i o n  growth,  s i z e  o f  work f o r c e ,  r a t e s  of l a b o r  

p r o d u c t i v i t y ,  g r o s s  n a t i o n a l  p roduc t ,  and t o t a l  energy demand 

( D .  11 .2 -53) .  These a r e  i n f l a t e d  i n  t h e  S ta tement  i n  every  c a s e ,  

e i t h e r  because  t h e  d a t a  used w e r e  s e v e r a l  y e a r s  o l d ,  o r  because  of  

* F e d e r a l  s i s t e r ,  Vo.  4 0 ,  N o .  17 ,  January  2 4 ,  1975,  p .  3806.  

* *  "Speeches" ,  In fo rma t ion  from E R D A ,  February 2 6 ,  1 9 7 5 ,  p .  4 .  -- - 
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an unwi l l i ngness  t o  accep t  t h e  r e l evance  of changed circumstances.  

N o  se r ious  e v a l u a t i o n  w a s  made of t h e  f u t u r e  impact of t h e  d r a s t i c  

d e c l i n e s  which have occurred  s i n c e  September 1 9 7 4 ,  or of t h e  poss i -  

ble impacts  of prG?osed Fede ra l  programs such as P r o j e c t  

Independence. 

The c o s t - b e n e f i t  a n a l y s i s  does n o t  i n c o r p o r a t e  new informat ion .  

I t  con t inues  t o  assume t h e  h i s t o r i c  i n c r e a s e  i n  e l e c t r i c a l  denand of 

7 . 8 %  p e r  y e a r  till 1 9 8 0  (p .  11.2-9) whereas i n  1 9 7 4  demand a c t u a l l y  

dec reased  - 5 6 %  below t h e  1973 l e v e l , * a n d  t h e  f i r s t  two months of 

1975 showed only a 4% i n c r e a s e .  I n s t a n c e s  a r e  c i t e d  below where 

v a l u e s  of parameters  used i n  t h e  Statement  d e v i a t e  f r o m  those of 

o t h e r  e x p e r t s  o r  from r e c e n t  exper ience .  

ed n o t  on ly  €o r  t h e  pe rcen tage  d i f f e r e n c e s  they  s u g g e s t ,  b u t  also 

as an eva lua t i -on  of t h e  S t a t e m e n t ' s  methodology. 

These comments a r e  o f f e r -  



V.90-17 

1-10 

P opu  1 a t  i on  

E s t i m a t e d  P o p u l a t i o n  D i f f e rence  f rom 
Source of f e r t i l i t y  by t h e  y e a r  S t a t e m e n t  s 
p r o j e c t i o n  r a t e  2 0 0 0  ( m i l l i o n s )  p r o j e c t i o n  

* S t a t e m e n t ,  based on 
1972  B u r e a u  o f  Census  2 .1  271  

** 1972  D e p t .  o f  I n t e r i o r  2 . 4  279 .9  +3% 

* * *  1 9 7 5  B u r e a u  of C e n s u s  2 . 1  262 -3 .4% 

****  1972  P l a n n e d  P a r e n t h o o d  2 . 1  271 

*****  1974  P l a n n e d  P a r e n t h o o d  " t o  be revised" 

******  1974  E l e c t r i c a l  World 
( e x t r a p o l a t e d )  256 -6 % 

* ******  1974  C o u n c i l  on  E n v i r o n -  
m e n t a l  Q u a l i t y  1 . 8  250 -8% 

* * *  1975  B u r e a u  o f  Census  1 . 7  245 -10% 

M o r e o v e r ,  t h e  N a t i o n a l  C e n t e r  f o r  H e a l t h  S t a t i s t i c s  r e p o r t e d  a n  

a c t u a l  U n i t e d  S t a t e s  f e r t i l i t y  r a t e  of 1 . 9  i n  1 9 7 3 ,  w i t h  t h e  r a t e  

c o n t i n u i n g  t o  dec l ine  i n  1974.******** 

* p. 11 .2 -53 .  

**p. 2 .1-16.  

***News Release CB75-29, - U.S. Dept .  of Commerce, F e b r u a r y  1 0 ,  1 9 7 5 .  

* * * * P o p u l a t i o n  B o o m  o r  B u s t ? ,  P l a n n e d  P a r e n t h o o d  World P o p u l a t i o n ,  
N . Y . .  October 1972.  

*****Lawrence  A.  Mayer ,  " I t ' s  a Bear M a r k e t  €or  Babies ,  Too" ,  
F o r t u n e  M a g a z i n e ,  December 1 9 7 4 ,  p .  137 .  

******Leonard  M. O l m s t e d ,  " 2 5 t h  Annual  E l e c t r i c a l  I n d u s t r y  F o r e c a s t " ,  
E l e c t r i c a l  World, S e p t e m b e r  1 5 ,  1 9 7 4 ,  p.  4 4 .  

*******A N a t i o n a l  Ene rgy  C o n s e r v a t i o n  Program:  The H a l f  and  H a l f  
P l a n ,  C o u n c i l  on E n v i r o n m e n t a l  Q u a l i t y ,  March 1 9 7 4 ,  p .  6 .  

********Dana L i t t l e ,  " M a r r i a g e s  cn t h e  D e c l i n e " ,  New York Times ,  
M-;rch 1, i 9 7 5 ,  p. 1 8 .  
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S i z e  of Work Force 

Statement:  The e f f e c t s  of changes i n  age composition of t h e  popu- 

l a t i o n ,  which a f f e c t  t h e  s i z e  of t h e  work f o r c e ,  w i l l  n o t  be 

apparent  u n t i l  t h e  l a t e  1 9 9 0 s  (p .  11.2-53). 

M c G r a w  H i l l :  The U . S .  l abo r  f o r c e ,  because of  t h e  changing age 

composition of ou r  popula t ion ,  w i l l  grow less r a p i d l y  beginning 

wi th  t h e  l a t e  1 9 7 0 s . "  

Labor P roduc t iv i ty  

Statement:  2 . 6 %  increase/employee/year till 2020 (p .  11.2-53).  

McGraw-Hill: 2.3% increase/employee/year till 1988.** 

Gross Nat iona l  Product  

Source Annual growth r a t e  

*** Statement  p r o j e c t i o n  H i s t c r i c a l  (3 .7%)  

**** 1973 E l e c t r i c a l  World p r o j e c t i o n  3.7% t o  1990  

**** 1974  Elec t r ica l  World p r o j e c t i o n  3.0% t o  1995 

*****  Actual  GNP, 1 9 7 4  -2 .1% 

****** 1975 E l e c t r i c a l  World p r o j e c t i o n  
f o r  1975 

-2.3% 

*Economics Department, The American Economy: 
t o  1 9 8 8 ,  McGraw-Hill, I n c . ,  N . Y . ,  1 9 7 5 ,  p. 4. 

**Ib id . ,  pp. 5 ,  6 .  

Prospec ts  f o r  Growth 

***p. 11.2-53. 

****Olmsted, op. c i t .  

*****'I1975 Annual S t a t i s t i c a l  Report" , p. 4 4 .  
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Price E l a s t i c i t x  

Seven ty -e igh t  u t i l i t y  companies r e q u e s t e d  p r i c e  i n c r e a s e s  

i n  1 9 7 4 ,  t r i p l i n g  t h e  amount p e r  i n c r e a s e  o v e r  1970.* Although 

t h e  c o s t - b e n e f i t  a n a l y s i s  does n o t  c o n s i d e r  p r i c e  e l a s t i c i t y ,  

t h e  ave rage  2 4 %  i n c r e a s e  i n  t h e  p r i c e  o f  e l e c t r i c i t y  i n  1974 

s h o u l d ,  u s i n g  t h e  Chapman, T y r r e l l  and Mount a n a l y s i s , * *  

e v e n t u a l l y  l e a d  t o  a demand 36% less t h a n  it would otherwi .se  

have been. A drop  of 18% would be appa ren t  i n  1981,  w i t h  a 

drop  of 3.6% by t h e  end of 1975.  

Conclusion 

WASH-1535, t h e  Propcsed F i n a l  Environmental  S t a t emen t  f o r  

t h e  Liquid  Metal F a s t  Breeder  Reactor  Program, i s  t h e  o b s o l e t e  

v i s i o n  o f  a now d e f u n c t  agency. I t  would be t r a g i c  indeed  i f  

uncountable  f u t u r e  g e n e r a t i o n s  o f  humans were committed t o  t h e  

i r r e v e r s i b l e  e f f e c t s  and i r r e t r i e v a b l e  l o s s e s  imposed by b r a e d e r  

development ,  s imply because  p rope r  e v a l u a t i o n  of t h e  program w a s  

impeded d u r i n g  an a d m i n i s t r a t i v e  t r a n s i t i o n .  

With c a p i t a l  format ion  aiiong t h e  most s e r i o u s  problems 

f a c i n g  t h e  n a t i o n ,  con t inued  inves tment  i n  t h i s  program woulc! i n -  

e v i t a b l y  f o r e c l o s e  t h e  development of o t h e r  energy o p t i o n s  which 

ERDA, i n  i t s  comprehensive p l a n ,  and w i t h  i t s  expanded a u t h o r i t y ,  

m q  choose t o  emphasize.  

~~ 

*"1975 Annual S t a t i s t i c a l  Repor t " ,  p .  68.  

**Cuane Chapman , Timothy T y r r e l l ,  and Timothy Mount, " E l e c t r i c i t y  
Demand G r c : : t h  and  thz Energy C r i s e s " ,  S c i e n c e ,  Vcl. 1 7 6 ,  
November 1 7 ,  1972, pp. 703-8. 
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Comparison of t h e  Mandates of t h e  AEC 
Under t h e  Atonic  EnercJy A c t  of 1 9 4 6  (and 
1 9 5 4 ,  Amended) and ERDA Under t h e  Energy 
Reorganizat ion A c t  of 1 9 7 4  and t h e  Fed- 
e ra l  Nonnuclear Energy Research and Dev- 
eiopment Act of 1 9 7 4  

Paramount Obj e c t i v c  

E 
1 9 4 6 :  To assure common defense  , wi.th development 

and u t i l i z a t i o n  of  atomic energy.  S o  f a r  as 
p r a c t i c a b l e ,  t o  improve t h e  conunon we l fa re  
(Sec. l ( a ) ) .  

1 9 5 4 :  To make maximum c o n t r i b u t i o n  t o  t h e  common 
de fense  and s e c u r i t y  (Sec. l ( a ) ) .  

ERDA 
ERA: To i n c r e a s e  tne e f f i c i e n c y  and r e l i a b i l i t y  of  

t h e  use  of a l l  energy sources  t o  m e e t  t h e  needs 
of p r e s e n t  and f u t u r e  gene ra t ions  , whi le  re- 

q u a l i t y  and a s s u r i n g  p u b l i c  h e a l t h  and s a f e t y  
(Sec. 2 (a )  1.  

s t o r i n g  , p r o t e c t i n g  and enhancing environmental  

FNERDA : 
To suppor t  t h e  b roades t  rangz of energy p o l i c y  
o p t i o n s  through conse rva t ion  and use  of domestic 
r e sources  by s o c i a l l y  and environmental ly  accept-  
a b l e  means (Sec.  3 ( a ) ) .  

O f f i c e r s  ( i n  o r d e r  of mention) 

AEC - 
1954  : General ManLger, 

D i r e c t o r  of t h e  Div i s ion  of M i l i t a r y  App l i ca t ion  I 
D i r e c t o r  of t h e  Div i s i cn  of C i v i l i a n  U s e s  of 

Atomic Energy I 

General  Counsc311 
D i r e c t o r  of t h e  I n s p e c t i o n  Div i s ion  (Sec.  2 5 ) .  

ERDA 
ERA: Admin i s t r a to r ,  

Deputy Admin i s t r a to r ,  
6 A s s i s t a n t  Adminis t ra tors  o f :  

1) f o s s i l  energy 
2 )  nuc lea r  er-?rc;y 
3 )  environment and s a f e t y  
4 )  conse rva t ion  
5) s o l a r  , geothermal and advanced energy sys tcms 
6 )  n z t i o n a l  s e c u r i t y  
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General  Counsel ,  
up to  8 a d d i t i o n a l  o f f i c e r s ,  
D i r e c t o r  of  N i l i t a r y  A p p l i c a t i o n  
(Sec.  102 ( a )  through ( 9 ) ) .  

Primary Research and Development R e s p o n s i b i l i t y  

AEC - 
1954: R&D r e l a t e d  t o  n u c l e a r  procFsses  , a t o x i c  

ene rgy ,  u t i l i z a t i o n  of ncclear and r a d i o -  
act ive mater ia ls  (Sec.  31 ( a )  ) .  

E RDA - 
ERA: R & D ,  i n c l u d i n g  demons t r a t i cn  o f  commercial 

f e a s i b i l i t y  and p r a c t i c a l  a p p l i c a t i o n s  of 
t h e  e x t r a c t i o n ,  convers ion  , s t o r a g e  , t r a n s -  
mis s ion  and u t i l i z a t i o n  phases  r e l a t e d  t o  t h e  
development and u s e  of energy from f o s s i l ,  
n u c l e a r ,  s o l a r ,  geothermal ,  and o t h e r  energy 
s o u r c e s  (Sec.  103 ( 2 ) ) .  
P r i o r i t y  might  i n c l u d e  b u t  n o t  be l i m i t e d  t o  
v a r i o u s  s o l a r  t e c h n o l o g i e s  (Sec.  2 ! e ) ) .  

Comprehensive Energy P o l i c y  P l a n n i n q  

AEC - 
Not inc luded .  

ERDA 
ERA: C e n t r a l  r e s p o n s i b i l i t y  € o r  near-term and long-  

range  pol ic ;  planning,  respec t inc j  all energy 
sources (Sec. 1 0 3  (1) ) . 

FNE RDA : 
T o  p r e p a r e  an annual  comprehensive p l a n  f o r  
energy r e s e a r c h ,  development and demons t r a t ion ,  
i n  r e g a r d  t o  s h o r t ,  middle ,  and long-term s o l u -  
t i o n s ,  e v a l u a t i n g  economic, envi ronmenta l ,  t ech -  
n o l o g i c a l  and s o c i a l  m e r i t s ,  and i n c l u d i n g  a 
program t o  implement nonnuclear  a s p e c t s  of t h e  
p l a n  (Sec.  5 ( a )  ( 2 ) ;  6 ( a )  and (b )  , (1) through ( 3 )  , 
(A) th rough ( Q )  1 . 

Repor ts  t o  Congress 

AEC - 
1946: A r e p o r t  t o  Congress each  Zanuary and J u l y ,  con- 

c e r n i n g  t h e i r  a c t i v i t i e s ,  i n c l u d i n g  recommenda- 
t i o n s  f o r  new l e g i s l a t i o n  (Sec .  1 7 ) .  
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1954: Same (Sec.  251) .  

ERDA 
ERA: A r e p o r t  t o  t h e  P r e s i d e n t  and Congress a t  t h e  

end o f  each f i s c a l  y e a r  concern ing  t h e i r  a c t i v i t i  
w i t h  a s t a t e m e n t  o f  s h o r t  and long-range g o a l s ,  
p r i o r i t i e s  and p l a n s ,  and assessment  of pro-  
g r e s s  (Sec.  307  ( a ) ) .  
Note: The N u c l e a r  Regulatory Commission has  t o  
s u b m i t  a r e p o r t  w i t h  t h e  same c o n t e n t  as i t  
relates t o  b e n e f i t s ,  ccsts, and r i s k s  of commer- 
c i a l  n u c l e a r  power, i n c l u d i n g  d e s i g n ,  abnormal 
occur rences  and d e f e c t s ,  s a f e g u a r d s ,  t h e f t s ,  
waste d i s p o s a l  , and p r o t e c t i o n  a g a i n s t  low- 
l e v e l  r a d i o a c t i v e  emissions (Sec.  307 (c j  ) . 

FNE RDA : 
A r e p o r t  t o  Congress on o r  b e f o r e  each  June  30 
as i n  "Comprehensive Energy P o l i c y  P lanning"  
above (Sec.  6 ) .  

I n fo rma t ion  t o  t h e  P u b l i c '  

AEC 
- 1954: P e r m i t s  and encouraqes d i s s e m i n a t i o n  of sci-  

e n t i f i c  and t e c h n i c a l  i n fo rma t ion  r e l a t i n g  t o  
a tomic energy (Sec .  1 4 1 ( b )  ) . 

E RDA 
ERA: Respons ib le  f o r  deve lop ing ,  c o l l e c t i n g ,  d i s -  

t r i b u t i n g ,  and making a v a i l a b l e  f o r  d i s t r i -  
b u t i o n ,  s c i e n t i f i c  and t e c h n i c a l  i n fo rma t ion  
concern ing  t h e  manufacture  o r  development of  
energy and i t s  e f f i c i e n t  e x t r a c t i o n ,  conve r s ion ,  
t r a n s m i s s i o n ,  and u t i l i z a t i o n  (Sec.  l o w ) )  ; fo r  
c r e a t i n g  and encouraging g e n e r a l  i n fo rma t ion  t o  
t h e  p u b l i c  on a l l  energy c o n s e r v a t i o n  t echno log ie s  
and energy  s o u r c e s ,  u s i n g  m a s s  communications 
where p r a c t i c a b l e  (Sec. 1 0 3 ( 7 ) ) ; a n d  f o r  dissemina-  
t i n g  in fo rma t ion  from i t s  p o l i c y  p l ann ing  e f f o r t s  
(Sec.  103 (1) ) . 

I n t e r n a t i o n a  Coopera t ion  

AEC - 
1946: Maximum e f f e c t  w a s  t o  be g iven  t o  p o l i c i e s  

con ta ined  i n  i n t e r n a t i o n a l  t rea t ies ,  (Sec .  8 ) .  

1954: Sane as above, b u t  no coope ra t ion  was t o  be  

, 

n 
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under taken  i n  o t h e r  i n s t a n c e s  u n t i l  t h e  P r e -  
s i d e n t  and J o i n t  Committee approved t h e  agree-  
ment (Sec.  1 2 1 ,  122 ,  123,  1 4 4 ) .  

ERDA - 
ERA: Encourages p a r t i c i p a t i o n  i n  i n t e r n a t i o n a l  

c o o p e r a t i o n - i n  energy and r e l a t e d  env i ron -  
mental  r e s e a r c h  and development (Sec .  103(9)). 

M i l i t a r y  A p p l i c a t i o n s  

A E C  - 
1946: To conduct  R & D  i n t o  m i l i t a r y  a p p l i c a t i o n s  of 

a tomic  ene rgy ,  produce a tomic  weapons and d e l i v e r  
them t o  t h e  armed f o r c e s  (Sec .  6 ( a ) ) .  

1954: Same, t o  Department of Defense (Sec. 91). 

E RDA. 
ERA: During f i r s t  y e a r  of  o p e r a t i o n ,  t o  review 

d e s i r a b i l i t y  and f e a s i b i l i t y  of  t r a n s f e r r i n g  
a l l  m i l i t a r y  a p p l i c a t i o n s  t o  t h e  Department 
o f  Defense o r  o t h e r  Fede ra l  aqency (Sec .  307(b)  1 . 

Hea l th  and S a f e t y  Research 

A E C  - 
1946: R e l a t i n g  t o  u t i . l i z a t i o n  o f  f i s s i o n a b l e  and r a d i o -  

ac t ive  m a t e r i a l s  € o r  med ica l ,  b i o l o g i c a l ,  and 
health o r  military purposes (Sec. 3 ( a )  ( 3 ) )  and  
t h e  p r o t e c t i o n  of h e a l t h  du r ing  r e s e a r c h  and pro-  
d u c t i o n  a c t i v i t i e s  (Sec.  3 ( a )  ( 5 ) ) .  

1954: R e l a t i n g  t o  u t i l i z a t i o n  of  s p e c i a l  n u c l e a r  and 
r a d i o a c t i v e  m a t e r i a l  €or  med ica l ,  b io l .og ica1 ,  
a g r i c u l t u r a l ,  h e a l t h  o r  m i l i t a r y  purposes  (Sec. 3 1  
'(a) ( 3 ) )  and t h e  p r o t e c t i o n  o f  h e a l t h  and pro- 
motion o f  s a f e t y  du r ing  r e s e a r c h  and p roduc t ion  
a c t i v i t i e s  (Sec. 31 ( a )  (5 )  ) . 

ERDA - 
ERA: Engaging i n  and s u p p o r t i n g  env i ronmen ta l ,  b io -  

med ica l ,  p h y s i c a l  and s a f e t y  r e s e a r c h  r e l a t e d  
t o  t h e  development of energy sources  and u t i l i -  
z a t i o n  t e c h n o l o g i e s  (Sec. 1 0 3  ( 3  j ) . 

Conse rva t ion  of Energy 

AEC 
Not i nc luded .  
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ERDA 
ERA: Encouraging and conduct ing  R & D  in energy 

c o n s e r v a t i o n ,  toward g o a l  of m a x i m i l m  r e d u c t i o n  
of total energy  consun;ptioil and maximum improve- 
ment i n  e f f i c i e n c y  of enercjy use  (Sec. 103(8) ) . 
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CHAPTER I11 

PROJECTIONS O F  FUTURE ELECTRICAL DEMAND 

111-1 

SIPI's comments c a l l e d  f o r  a d e t a i l e d  and c a r e f u l  d i s -  

c u s s i o n  o f  t h e  assumptions made i n  f o r e c a s t i n g  t h e  growth o f  

e lec t r ic  power demand ove r  t h e  nex t  f i f t y  y e a r s  ( S I P I ,  pp . IV-4 ,5) .  

The S t a t e m e n t ' s  p r o j e c t i o n  o f  e l e c t r i c a l  demand i s  as 

fo l lows  (pp. 1 1 . 2 - 8  , 58) : 

By t h e  y e a r :  Base c a s e :  ? o s s i b l e  r ange  , -50% 
t o  +20% of  b a s e  c a s e :  

( i n  t r i l l i o n  kwhr) 

2000 
2020 

1 0 . 6  7 . 1  t o  1 1 . 7  
2 7 . 6  13 .8  t o  3 3 . 0  

This  cor responds  w i t h  a p r o j e c t e d  n i n e - f o l d  i n c r e a s e  i n  t h e  

p e r  c a p i t a  i n s t a l l e d  e lec t r ic  c a p a c i t y  between 1 9 7 2  and 2 0 2 0 ,  

f r o m  1 . 9 2  kw p e r  capi ta  ( p o p u l a t i o n  2 0 8 . 2  m i l l i o n )  to 1 7 . 5  kw 

p e r  c a p i t a  (assumed p o p u l a t i o n  3 0 6 . 8  m i l l i o n )  (pp . l . 1 -5 ,  6). 

While t h e  S ta tement  acknowledges t h a t  "any p r o j e c t i o n  model 

used t o  estimate e l e c t r i c a l  energy growth depends d i r e c t l y  on 

t h e  con t inued  r e l e v a n c e  of t h e  parameters  s e l e c t e d "  (9.11.2-571, 

it has  c e n t e r e d  i t s  base  case on h i s t o r i c a l  p r o j e c t i o n ,  which i s  

d e f i n e d  as t h e  "most p ruden t "  cour se  i n  t h e  a n a l y s i s  o f  c o s t  v s .  

b e n e f i t  of t h e  LMFBR program (p .11 .2-55) .  The pa rame te r s  s e l e c t e d  

w e r e  p o p u l a t i o n  growth,  s i z e  of work f o r c e ,  ra tes  of i a b o r  pro-  

d u c t i v i t y ,  g r o s s  n a t i o n a l  p r o d u c t ,  and t o t a l  energy demand ( p . l l . 2 - 5 3 j .  
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Assumptions about  each  parameter  formed t h e  b a s i s  € o r  assumptions 

about  t h e  n e x t ,  u n t i l  an estimate o f  e l e c t r i c a l  demand w a s  f i n a l l y  

d e r i v e d  from t h e  l a s t .  

T o  s u p p o r t  i t s  p o s i t i o n ,  t h e  S ta tement  u ses  p r o j e c t i o x  of  

demand t h a t  were made by t h e  F e d e r a l  Power Commission from 1969 

through 1973 (pp.2.1-14, 1 5 ) .  However, p r o j e c t i o n s  r e l e a s e d  by 

t h e  FPC i n  December 1 9 7 4  ( t h e  d a t e  of  t h e  S ta t emen t )  are "sub- 

s t a n t i a l l y  lower"  t h a n  t h e s e ,  " p a r t l y  e x p l a i n a b l e  i n  terms o f  

t h e  pas sage  o f  t i m e  and t h e  occur rance  of  s i g n i f i c a n t  e v e n t s " . *  

Table I f o l l o w s ,  comparing t h e  FPC 1974 seven-scenario 

p r o j e c t i o n s  of e lec t r ica l  o u t p u t  till 1 9 9 0  w i t h  s i m i l a r  p r o j e c t i o n s  

from E l e c t r i c a l  World 's  1 9 7 4  f o r e c a s t ,  i n p u t  t o  t h e  F P C ' s  1970 

N a t i o n a l  Power Survey,  and an FPC 1973 p r o j e c t i o n .  All FPC pro- 

j e c t i o n s  quo ted  i n  t h e  S ta tement  are h i g h e r  t h a n  t h e  FPC 1974 

s c e n a r i o s  , w i t h  t h e  excep t ion  o f  t h e  " a l l  e lectr ic"  Case I V ,  

which r e p r e s e n t s  an a c c e l e r a t i o n  o f  h i s t o r i c  growth.** 

F i g u r e  I f o l l o w s ,  showing t h e  FPC seven- scena r ios  f o r  ou t -  

p u t  till 1990. W e  have i n t e r p o l a t e d  t h e  S t a t e m e n t ' s  o u t p u t  pro-  

j e c t i o n s  € o r  t h i s  p e r i o d  by adding 1 0 %  t o  t h e  p r o j e c t e d  demand 

shown i n  F i g u r e  11.2-5 on page 1 1 . 2 - 9 .  T h i s  was judged "hones t"  

by Pau l  Wagner, manager o f  p r e s s  r e l a t i o n s ,  o f  t h e  Edison E l e c -  

t r i c  I n s t i t u t e ,  based  on t h e  h i s t o r i c a l  r e l a t i o n s h i p  between 

s a l e s ,  which have been e q u i v a l e n t  t o  demand, and ou tpu t .***  The 

Q 

* A Report  t o  t h e  F e d e r a l  Power Commission by t h e  Techn ica l  Advisory 
C o A t t e e - F i n a n c e ,  The F i n a n c i a l  Outlook f o r  t h e  U . S .  E l e c t r i z  
Power I n d u s t r y ,  December 1 9 7 4  ( P r e l i m i n a r y  Release) ,  p .72.  

*;* I b i d .  , p . 1 4 0 .  

* **  Telephone i n t e r v i e w ,  March 26, 1975. 



T a b l e  I -- 
U.S. E l e c t r i c  Power I n d u s t r y  
E l e c t r i c a l  O u t p u t ,  1970-1990 

21 

Cases Cane Case Case Cane Case Case - - - - - e*-c-s2e!ion - - - - - - 
I b I A  I1 I11 1v V VI VI1 Electr ical  TAC-Power F I%-I ?7J - 

Moilcrate Historic Lou All- Zero Topping 
TOP$? 

25th 22 "I:ost Probahle ;n 5%uAt 24 Modified World's supply Projections Rujet+a'-S 

Forecast - Case" 23 Teble a . I * IA  Growth Omwth Orouth Electric Growth O u t  ------ -- - ~ -  
l cc tr i ca l  OU u t  

fTrl  lllons or%h) 

1975 
1950 
199.5 3.91 
1950 

1.9 1.54 1.54 1-54 1, 4 1.54 

2.63 2.81 2.41 2.99 1.86 2.58 2.32 

2.09 3.16 2.99 

1.72 1.86 1.84 2.06 
ip70 (actual) 1-84 

1.76 2.00 

2::: 2.n 

z:3 5.80 
4.83 1.96 3.01 2.71 

S o u r c e  : 
R e p o r t  t o  t h e  F e d e r a l  Power  Commission b y  t h e  T e c h n i c a l  A d v i s o r y  
Commi t t ee -F inance ,  The F i n a n c i a l  O u t l o o k - f o r  t h e  U.S. E l e c t r i c  - 

Power I n d u s t r y ,  December , 1974 , p .  73 .  

2 1  S o u r c e  of 1970 a c t u a l  d a t a  i s  " S t a t i s t i c a l  Year Book of t h e  
E l e c t r i c  U t i l i t y  I n d u s t r y " ,  E d i s o n  E l e c t r i c  I n s t i t u t e ,  New 
York ,  N e w  York.  E x c l u d e s  n o n - u t i l i t y  p r i v a t e  power p l a n t  g e n e r a t i o n .  

2 2  E l e c t r i c a l  World, S e p t e m b e r  1 5 ,  1974 .  

23 R e p o r t  t o  t h e  F e d e r a l  Power Commission by t h e  T e c h n i c a l  A d v i s o r y  
C o m m i t t e e  on  P o w e r  S u p p l y ,  a d v i s o r y  t o  t h e  FPC i n  c o n n e c t i o n  
w i t h  t h e  N a t i o n a l  Power S u r v e y .  

2 4  1.973 F e d e r a l  P o w e r  Commission p r o j e c t i o n ,  r e p r o d u c e d  i n  T a b l e  2.1-12 
of P r o p o s e d  F i n a l  E n v i r o n m e n t a l  S t a t e m e n t ,  K B R  P r o g r a m ,  December 
1 9 7 4 ,  Vol. I ,  p .2 .1 -15 .  
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U. S. ELECTRIC POWER IKDUSTRY 
ELECTRICAL OUTPUT 

1965-1990 

--- 

1965 1970 1975 1980 1985 I990 

FIGURE I 

Sources : 

A) Cases I through V I I :  
Repor t  t o  the F e d e r a l  P o w e r  Commission by t h e  Techn ica l  
Advisory Committee-Finance, The F i n a n c i a l  Outiook f o r  t h e  
U.S. Elec t r i c  Power I n d u s t r y ,  Deceriber 1 9 7 4 ,  p . 7 6 .  

Prcpose2 Final Enviroxxsnza l  S t s t e n e n t ,  L iquid  Metal  F z s t  
Breeder Reactor P r o g r a ,  X A S H - i 5 3 5 ,  Vol. 11, D e c e ~ e r  

B! +20%,  Base Case, -20%, -50% 

1974, p . 1 1 . 2 - 9 .  

n 
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1 0 %  i s  l o s t  i n  t r a n s m i s s i o n  and i n  u s e  by t h e  u t i l i t i e s .  Chap- 

man e t  a1 add 9% f o r  t r a n s m i s s i o n  lcsses t o  demand i n  o r d e r  t o  

derive g e n e r a t i n g  r equ i r emen t s  ( o u t p u t )  .-* 
The S ta t emen t  claims t h a t  i t s  model assumes h i s t o r i c  growth 

of 7.8% per  y e a r  till 1980,  w i t h  a g r a d u a l  r e d u c t i o n  by t h e  y e a r  

2020 t o  4 . 2 %  i n  t h e  + 2 0 %  case, 3 . 7 %  i n  t h e  b a s e  case,  3 . 0 %  i n  

t h e  -20% case, and 2 . 8 %  i n  t h e  -50% case ( p . 1 1 . 2 - 3 ) .  Y e t  a 

comparison of t h e  December 1974 p r o j e c t i o n s  by. bo th  t h e  FPC 

and S ta t emen t  shows t h a t  f o r  t h e  y e a r  1980,  a l l  of t h e  S t a t e m e n t ' s  

p r o j e c t i o n s ,  i n c l u d i n g  t h a t  for -508 of t h e  base  case,  exceed t h e  

FPC p r o j e c t i o n s  f o r  a l l  cases i n c l u d i n g  t h e i r  h i g h e s t  growth,  a l l  

e lec t r ic  Case I V .  

By 1990,  a l l  of t h e  S t a t e m e n t ' s  p r o j e c t i o n s ,  i n c l u d i n g  t h a t  f o r  

-50% of t h e  base  case, are s t i l l  above t h e  FPC C a s e  11, which rep-  

r e s e n t s  h i s t o r i c  growth, d e f i n e d  as a resumpt ion  o f  p a s t  t r e n d s  

a f t e r  a moderate 1 9 7 4  slow-down, w i t h  some moderat ion i n  t h e  1980 ' s .**  

B y  1990,  t h e  S t a t e m e n t ' s  base case is 30% above t h e  FPC's moderate 

growth C a s e s  I and IA, which r e p r e s e n t  a moderat ion of p a s t  growth 

t r e n d s ,  a f t e r  a s h a r p  1 9 7 4  slow-down.*** The S t a t e m e n t ' s  -50% 

case i s  2 0 %  above Cases I and I A .  

O the r  e x p e r t s  on e l e c t r i c a l  demand have recognized  t h e  need 

t o  r e v i s e  t h e i r  p r o j e c t i o n s  downward i n  t h e  r e c e n t  p a s t .  For 

* Duane Chapman, Tinothy  T y r r e l l ,  and Timothy Mount, " E l e c t r i c i t y  
Demand Growth and che Energy C r i s i s "  , S c i e n c e  , Vol. 1 7 8  , November 
1 7 ,  1972,  p .707.  

* *  Repor t  t o  th; Federal Tootier C o i r m i s s i o n ,  p . 1 3 5 .  

* * *  I b i d . ,  p.139. ' 
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example,  t h e  "24 th  Annual E l e c t r i c a l  I n d u s t r y  F o r e c a s t "  i n  t h e  

September 1 5 ,  1973 i s s u e  o f  E lec t r i ca l  World p r o j e c t e d  a t o t a l  

e l e c t r i c a l  sales i n  t h e  y e a r  1 9 9 0  of  5.0.7 t r i l l i o n  kwhr, under 

t h e  subheading  " U t i l i t i e s  p l a n  expans ion  t o  m e e t  r e c o r d  demands".* 

By t h e  t i m e  t h e  "25th  Annual E l e c t r i c a l  I n d u s t r y  F o r e c a s t "  w a s  

p u b l i s h e d  i n  t h e  September 1 5 ,  1974 issiie, t h e  sales  p r o j e c t i o n  f o r  

1 9 9 0  had d e c l i n e d  o v e r  178 ,  t o  4 . 1 9  t r i l l i o n  kwhr, and t h e  sub- 

heading  r e a d  "Slower growth .in sa les  and peaks s p a r k s  s h a r p  c u t  

i n  expans ion  p l a n s . .  . ' I * *  

A d d i t i o n a l l y ,  s i n c e  SepteItber 1 9 7 4 ,  changes of g r e a t  mag- 

n i t u d e  have occur red  t h a t  have comple te ly  i n v a l i d a t e d  p r o j e c t i o n s  

made b e f o r e  t h a t  t i m e ,  and t h e  s i t u a t i o n  remains uneven t o  t h i s  

d a t e .  

E l e c t r i c a l  Wor ld ' s  c o n s u l t i n g  e d i t o r ,  Leonard M. Olmsted, 

a u t h o r  o f  t h e  1 9 7 4  f o r e c a s t ,  s a i d  i n  February 1975 t h a t  a s  l a t e  

as September 1 9 7 4  t h e  p r o j s c t e d  growth of e l e c t r i c a l  sa les  i n  

1975 w a s  € o r  a h i s t o r i c a l  7 %  i n c r e a s e ,  b u t  t h e  ra te  i s  c u r r e n t l y  

49. The p r o j e c t e d  growth r a t e  f o r  1974 w a s  2%, b u t  i n s t e a d  t h e  

ra te  d e c l i n e d  by . 5 % ,  so t h a t  p r o j e c t i o n  was o f f  by 2 . 5 % .  Among 

f a c t o r s  t h a t  had n o t  been a n t i c i p a t e d  w e r e  major i n d u s t r y  shutdowns, 

as i n  a u t o  manufactur ing.*** 

I n  February  1575,  i r v i n g  Levine ,  a s s i s t a n t  d i r e c t o r  € o r  pub- 

l i c  i n f o r m a t i o n  f o r  Con Edison i n  N e w  York, s a i d  t h a t  p r o j e c t i o n s  

* "24th  Annual E l e c t r i c a l  I n d u s t r y  F o r e c a s t " ,  E l ec t r i ca l  World, 
September 1 5 ,  1 9 7 3 ,  p .50 .  

* *  Leonard M.  Olmsted,  "25th  Annual E lec t r i ca l  I n d u s t r y  F o r e c a s t " ,  
E l e c t r i c a l  World, September 1 5 ,  1 9 7 4 ,  p.54. 

***  Telephone i n t e r v i e w ,  February 2 6 ,  1 9 7 5 .  

Q 

Q 
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s i x  months o l d  w e r e  o b s o l e t e  - "There ' s  a new energy  e t h i c . .  . 
i t ' s  a whole new b a l l  game."* I n  March 1975,  John R .  Dyer,  

d i r e c t o r  o f  p u b l i c  relations of  t h e  Edison E l e c t r i c  I n s t i t u t e ,  

s a i d  there are  no pro jec t ions  of e l e c t r i c  power demand + h a t  

are meaningful  a t  t h i s  t i m e ,  and none can be  g e n e r a t e d  u n t i l  a 

c o n d i t i o n  o f  s t a b i l i t y  i s  reached  aga in .  H e  s a i d  t h e  e l e c t r i c a l  

i n d u s t r y  now had t o  make shor t - t e rm d e c i s i o n s  ( f i v e  t o  t e n  y e a r s )  

based  on r e g i o n a l  d i f f e r e n c e s . * *  

I n  a c h a p t e r  e n t i t l e d  "Current  S i t u a t i o n "  (p  .2.1-12) , a 

s e n t e n c e  i s  i n s e r t e d  which i n d i c a t e s  t h e r e  w a s  some a t t e m p t  t o  ' 

make t h e  S ta t emen t  seem c u r r e n t :  "Over t h e  p a s t  y e a r ,  however, 

growth i n  t h e  u s e  of e l e c t r i c  energy i n  t h e  U.S. dec reased  t o  

abou t  0 . 6 %  as compared w i t h  t h e  7+% growth r a t e  of  p r i o r  y e a r s "  

( p . 2 . 1 - 1 3 ) .  However, t h e  S ta tement  d e n i g r a t e s  t h e  e f f o r t s  of 

o t h e r  e x p e r t s  t o  i n c o r p o r a t e  t h i s  new in fo rma t ion  i n  t h e i r  f u t u r e  

p l ann ing :  " ( R ) e l a t i v e l y  a b r u p t  r e v i s i o n s  i n  growth p r o j e c t i o n s  

s e e m  l i k e l y  t o  be  more a r e a c t i o n  t o  c u r r e n t  u n c e r t a i n t i e s  t han  

t o  ha rd  assessments  of f u t u r e  demands" (p.l.1-7). 

Accordingly ,  t h e  c o s t - b e n e f i t  a n a l y s i s  does  n o t  t a k e  i n t o  

account  t h e s e  new c i r cums tances .  A s  s t a t e d ,  i t  assumes a h i s -  

t o r i c a l  i n c r e a s e  i n  demand o f  7.8% p e r  y e a r  u n t i l  1 9 8 0  (p.11.2-1381, 

w i t h  growth i n  demand then  f a l l i n g  i n  t h e  base  c a s e  t o  an average  

o f  3 . 7 %  by 2020 (pp.11.2-8,  9 ) .  

* Telephone i n t e r v i e w ,  February 1 9 ,  1975. 

* *  Telephone i n t e r v i e w ,  March 1 7 ,  1975. 
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Beginning froin 1 9 8 0  o n l y ,  and through 2 0 2 0 ,  cases were run  

i n  t h e  S t a t e m e n t ' s  model down t o  -508 of t h e  base  c a s e  p r o j e c t i o n ,  

a t  which p o i n t  t h e  b e n e f i t - c o s t  r a t i o  w a s  g e n e r a l l y  shown t o  ap- 

proach o r  f a l l  below 1 . 0 ,  whatever  t h e  o t h e r  v a r i a b l e s ,  a t  t h e  

1 0 %  d i s c o u n t  r a t e  (p.1V.D-3, 4 ) .  The S ta tement  claims, however, 

t h a t  b e n e f i t s  are reduced below c o s t s  on ly  when a number o f  

assumptions are s imul t aneous ly  weighted i n  a manner which i s  con- 

s i d e r e d  u n l i k e l y  t o  occur  ( p . l l S - 1 ) .  

The  t a b l e  on page 1 1 . 2 - 1 4 0  i n d i c a t e s  t h a t  -505  of base  case 

demand would occur  a t  an annual  r a t e  of i n c r e a s e  o f  3.6% i n  2 0 0 0 ,  

2 .8% i n  2 0 2 0 ,  o r  an average  of  4 . 6 %  between 1974 and 2 0 2 0 .  I t  

shows an annual  r a t e  of i n c r e a s e  of  7 . 8 %  p r o j e c t e d  f o r  1 9 7 4 .  The 

f a c t  t h a t  t h e  r a t e  of  i n c r e a s e  has  a l r e a d y  f a l l e n  below t h e  r a t e  

o f  7.8% which was presumed till 1980 makes t h e  a t t a i n m e n t  of  a 

b e n e f i t  reduced below c o s t  f a r  more l i k e l y  t h a n  t h e  S ta tement  

assumes. When E l e c t r i c a l  World pub l i shed  t h e  f a c t  t h a t  t o t a l  

s a l e s  i n  1974 dropped . S 6 %  below t h e  1 9 7 3  l e v e l ,  i t  f o r e c a s t ,  

"1975 w i l l  t u r n  o u t  t o  be t h e  second s h r i n k  y e a r  i n  a row, and 

s i g n i f i c a n t l y  worse t h a n  w e  had expec ted  on ly  a few months ago!'* 

Di scuss ion  f o l l c w s  which d e s c r i b e s  t h e  f a l l a c y  of  p a r t i c u l a r  

assumptions upon which t h e  S t a t e m e n t ' s  demand parameters were 

based .  

* "1975 'Annual S t a t i s t i c a l  Repor t" ,  E l e c t r i c a l  World, March 1 5 ,  
1975,  pp.66,  4 4 .  

0 

n 
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P opu i a t i on 

The S t a t e m e n t ' s  f o r e c a s t  a f  f u t u r e  e lec t r ica l  r equ i r emen t s  

u t i l i z e s  t h e  1972 E-series p o p u l a t i o n  p r o j e c t i o n s  o f  t h e  Bureau 

of t h e  Census ,  which, t h e  S t a t e m e n t  c l a i m s ,  " takes  i n t o  a c c o u n t  

t h e  r e c e n t  s h a r p  d e c l i n e  i n  f e r t i l i t y " .  I t  p r e u i c t s  t h e  fo l low-  

i n g  p o p u l a t i o n ,  i n  m i l l i o n s  (p.11.2-53) : 

1980 1985 2000 2020 

22 8 240 271 307 

P o p u l a t i o n  E s t i m a t e s  and P r o j e c t i o n s ,  from which t h e s e  f i g -  

u r e s  were d e r i v e d  (p.11.2-59), are i s s u e d  by t h e  Bureau of  t h e  

Census approximate ly  twenty times p e r  y e a r , *  and w e  f i n d  i t  i s  

c u r i o u s  t h a t  a S ta t emen t  d a t e d  December 1 9 7 4  would r e l y  f o r  i t s  

most b a s i c  pa rame te r  on e s t i m a t e s  i s s u e d  e a r l y  i n  1972. We are 

a d v i s e d  t h a t  even by December i972, t h e  E-series p r o j e c t i o n  f o r  

t h e  y e a r  2000 had f a l l e n  2 . 6 % ,  t o  264 m i l l i o n . * *  

More r e c e n t  p r o j e c t i o n s ,  r e l e a s e d  by t h e  Bweau  of t h e  Cen- 

s u s  i n  February 1975 ,*** ind ica t e  a p o p u l a t i o n  i n  t h e  y e a r  2000 of 

262 m i l l i o n ,  assuming the E-series f e r t i l i t y  r a t e  o f  2.1 b i r t h s .  

(The f e r t i l i t y  r a t e  i s  t h e  average  number of  b i r t h s  p e r  woman upon 

comple t ion  o f  c h i l d - b e a r i n g ) .  They also o f f e r  a lower p o p u l a t i o n  

estimate f o r  an assumed f e r t i l i t y  r a t e  o f  1 . 7 ,  which would y i e l d  

a p o p u l a t i o n  i n  2000 of  245 m i l l i o n .  These two new 1975 estimates 

would a l o n e  y i e l d  between 3.4 and 1 0 %  less e l e c t r i c a l  demand t h a n  

* P u b l i c a t i o n s  Order  Form: Cur ren t  P c p u l a t i o n  Repor t s ,  U.S. Dept. of  
Commerce, Bureau o f  t h e  Census,  Form BC-2340, October  1973. 

**Telepho?n ac!vice from IJ. S . Dept  . of  C o m e r c e  L i b r a r y  , N. V. 
D i s t r i c t -  O i - i C E ,  r e n r u a r y  11, 1975. 

***News Re lease  CB75-29, U.S. Dept. o f  Commerce, February 10, 1 9 7 5 .  
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t h e  one used i n  t h e  S ta t emen t .  

While t h e  S ta tement  r e f e r s  f o r  s u p p o r t  t o  t h e  Department of 

t h e  I n t e r i o r ' s  1 9 7 2  p o p u l a t i o n  p r o j e c t i o n  of 2 7 9 . 9  m i l l i o n  by 

2000 (p.2.1-16) , which assumed a f e r t i l i t y  r a t e  of about  2 . 4 ,  it 

does n o t  r e f e r  t o  t h e  Counci l  on Environmental  Q u a l i t y ' s  p r o j e c t i o n  

of 250 m i l l i o n  by 2 G O O .  This  assumed a f e r t i l i t y  r a t e  o f  1 . 8 ,  

which CEQ c a l l e d  " e q u i v a l e n t  t o  a c o n t i n u a t i o n  of t h e  p r e s e n t  annual  

growth r a t e  of 0.7%."*  

There i s  rezison t o  b e l i e v e  t h a t  t h e  lower estimates may be  

s u s t a i n e d .  The N a t i o n a l  Center  f o r  Hea l th  S t a t i s t i c s  has  r e l e a s e d  

d a t a  showing t h a t  t h e  1973 f e r t i l i t y  r a t e  dropped below t h e  r e p l a c e -  

ment l e v e l  of  2 . 1 ,  r each ing  1 . 9  c h i l d r e n  p e r  f ami ly .  I n  1 9 7 4 ,  r a tes  

con t inued  t o  d e c l i n e ,  though n o t  so s t e e p l y  a s  between 1 9 7 0  and 

1973. Though t h e  number of women i n  t h e  c h i l d - b e a r i n g  y e a r s  i n c r e a s e d  

2% i n  1974 over  1973,  t h e  number of b i r t h s  r o s e  on ly  1%. A t  t h e  

same t i m e ,  t h e r e  w a s  a d e c r e a s e  i n  mar r i age  rates and an  i n c r e a s e  

i n  d i v o r c e  r a t e s . * *  

A nat ionwide  survey  under taken  by t h e  Roper Organ iza t ion  i n  

t h e  s p r i n g  of  1974 concluded:  

Near ly  h a l f  of American women and men t h i n k  having  
two c h i l d r e n  i s  i d e a l  - compared t o  on ly  one i n  f o u r  
who thought  s o  i n  1952 (p.64)  ... A t t i t u d e s  of  women 
today s u g g e s t  a c o n t i n u i n g  down-trend i n  b i r t h  r a t e s .  
Women i n  t h e  pr ime ch i ld -bea r ing  y e a r s  - between 1 8  
and 29  - are markedly less i n t e r e s t e d  i n  having  more 
t h a n  two c h i l d r e n  t h a n  women t e n  y e a r s  o l d e r  ( p . 6 8 ) . .  

* A Na t iona l  E n e r g y  Conservation Program: T h e  Half ar?.d Half Plan, 
Counci l  on Environmental  Q a a l i t y ,  March 1 9 7 4 ,  p.6'1 

* *  Dana L i t t l e , " M a r r i a g e s  on t h e  Dec.'Line", Ne77  York T i m e s ,  March 1, 
1975,  p .18.  
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Furthermore,  only one i n  fou r  women f e e l s  t h a t  having 
c h i l d r e n  i s  an impe l l ing  reason f o r  marrying.  And 
c h i l d r e n  a r e  cons idered  by only h a l f  of a l l  women t o  
be ' ve ry  impor t an t '  t o  a good marr iage (p .1) .  * 

Planned Parenthood-World Popu la t ion ,  which i n  1 9 7 2  used 

t h e  same estimate of 2 7 1  m i l l i o n  popula t ion  by 2000**  t h a t  w a s  

used i n  t h e  S ta t emen t ,  s a i d  i n  December 1 9 7 4  t h a t  "a new set  of 

p r o j e c t i o n s  i s  due soon".  *** 
I n  c o n t r a s t  t o  t h e  S t a t e m e n t ' s  p r o j e c t i o n  of 271 m i l l i o n  

by 2 0 0 0 ,  t h e  popu la t ion  p r o j e c t i o n  found i n  t h e  September 1 5 ,  1.974 

E l e c t r i c a l  World, e x t r a p o l a t e d  t o  2000****, would be  256 m i l l i o n ,  

o r  6% less. M c G r a w - H i l l  c h a r a c t e r i z e s  t h e i r  f o r e c a s t  of  239 

m i l l i o n  by 1988 a s  "one- th i rd  slower than  t h e  g a i n  i n  t h e  1958-73 

years' '.***** I n  commenting on t h e  s lowing of t h e  p o p u l a t i o n  

growth ra te ,  E l c G r a w - H i l l  conc ludes ,  " t h e r e  are no economic, soc i a l  

or  environmental f a c t o r s  developing t h a t  sugges t  a reversal of 

t h i s  t r e n d " .  ****** 
S i z e  of Work Force and P r o d u c t i v i t y  P e r  Employee 

I n  i t s  p r o j e c t i o n s  of f u t u r e  e l e c t r i c i t y  demand, t h e  S t a t e -  

ment e s t i m a t e s  t h e  s i z e  of t h e  work f o r c e  from t h e  h i s t o r i c a l  

*The V i r g i n i a  S l i m s  American Wonen's Opinion Poll, Volume 111, 
The Roper 'Organiza t ion ,  I n c . ,  N . Y .  1 9 7 4  

**Popula t ion  Boom o r  Bus-t? , Planned Parenthood-World Popu la t ion  I 
N . Y . ,  October 1 9 7 2 .  

***Lawrence A .  Mayer, " I t ' s  a Bear Narket f o r  Babies, 
For tune  Magazine, December 1 9 7 4 ,  p.137. 

****Olmsted, p. 4 4 .  
/-\ 

*****Economics Dzpartment, T h e  &x,erican Economy: Prospects for 
Growth t o  1 9 8 8 ,  M c G r a w - H i l l .  I n c . ,  N . Y . ,  1 9 7 5 ,  P . 4 .  

******Ibid. ,  p .2 .  
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p o p u l a t i o n  i n  t h e  1 8  t o  64 age group (p.11.2-53) .  I t  s t a t e s  

t h a t  t h e  e f f e c t s  cf changes i n  age composi t ion o f  t h e  popu la t ion  

would n o t  be  appa ren t  u n t i l  t h e  l a t e  1 9 9 0 s  (p .11.2-138) .  I n  

c o n t r a s t ,  t h e  M c G r a w - H i l l  s t udy  p r e d i c t s  " . . . t h e  U . S .  l a b o r  

f o r c e ,  because  of  t h e  changing age composi t ion of o u r  p o p u l a t i o n ,  

w i l l  cjrow less r a p i d l y  beginning  w i t h  t h e  l a t e  1 9 7 0 s  t h a n  i n  

ear l ie r  y e a r s " . "  The Sta tement  does n o t  c o n s i d e r  changes i n  t h e  

unemployment r a t e , w h i c h  i s  c u r r e n t l y  ove r  8 % .  

Similarly, t h e  S ta tement  assumes a c o n t i n u a t i o n  of t h e  h i s -  

t o r i c a l  2 . 6 %  i n c r e a s e  i n  p r o d u c t i v i t y  p e r  employee p e r  annum 

(p.11.2-53) .  I t  dces  n o t  c o n s i d e r  changes i n  working hour s ,  which 

t h e  M c G r a w - H i l l  s t udy  p r e d i c t s  w i l l  be  down 6 %  p e r  employee by 

1988,"  o r  e f f o r t s  a t  c o n s e r v a t i o n  of  ene rgy ,  which would r e v e r s e  

t h e  i n c r e a s e  i n  l a b o r  productivity. Although t h e  M c G r a w - H i l l  

s t u d y  p r e d i c t s  a resumption of  t h e  2 . 6 %  r a t e  of  i n c r e a s e  a f t e r  

1974,  it estimates an o v e r - a l l  d e c l i n e  t o  2 . 3 %  from 19,73 t o  

1988 as a r e s u l t  of t h e  d e c l i n e  i n  1974 a lone .**  

While t h e  M c G r a w - H i l l  f o r e c a s t  r e p r e s e n t s  j u s t  one example 

of  a d i f f e r e n c e  i n  e v a l u a t i c n  from t h a t  expres sed  i n  t h e  S t a t e -  

ment and does n o t  ex tend  t o  t h e  f u l l  t i m e  g e r i o d  m d e r  c o n s i d e r a t i o n ,  

t h i s  shows t h a t  v a r i a b i l i t y  of t h e s e  p a r a n e t e r s  and t h e  e f f e c t  on 

e l ec t r i ca l  demand have n o t  been adequa te ly  exp lo red .  The Bureau 

of Labor S t a t i s t i c s  of t h e  U . S .  Department o f  Labor,  f o r  i n s t a n c e ,  

d i s c u s s e s  t r e n d s  i n  t h e  Occupat iona l  Outlook Handbook which i s  

r e v i s e d  annua l ly .  N o  i n fo rma t ion  from t h e  Bureau of Labor S t a t i s -  

* I b i d . ,  p . 4 .  

* *  I b i d . ,  p p . 5 ,  6 .  
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t i c s  w a s  found i n  t h e  S t a t e m e n t .  

Gross N a t i o n a l  P r o d u c t  

L a t e  i n  1973,  f o l l o w i n g  a p e r i o d  of b u s i n e s s  e x p a n s i o n  t h a t  

began i n  1970,  t h e  F e d e r a l  Reserve  B o a r d ' s  i n d e x  of i n d u s t r i a l  

p r o d u c t i o n  w a s  a t  a peak of 127 .5*  T h i s  i s  t h e  c u l m i n a t i o n  of 

h i s t o r i c a l  e x p e r i e n c e  upon which t h e  S t a t e m e n t  b a s e d  i t s  p r o -  

j ec t ion  of g r o s s  n a t i o n a l  p r o d u c t .  F i g u r e s  I1 t h r o u g h  IV i l l u s t r a t e  

t h e  a b r u p t  d e c l i n e  o f  12 .2% t h a t  Occur-lEd, however ,  between Sep- 

tember 1974 and F e b r u a r y  1975.  I n  J a n u a r y  1975,  t h e  month when 

E,WA began  o p e r a t i o n ,  t h e  i n d e x  f e l l  t o  113.7.  I t  was t h e  s h a r p -  

e s t  monthly r e d u c t i o n  i n  o u t p u t  s i n c e  December 1337. A l b e r t  Rees, 

d i rec tor  cf t h e  A d m i n i s t r a t i o n ' s  C o u n c i l  on  Wage and P r i c e  S t a -  

b i l i t y ,  h a s  p r e d i c t e d  t h a t  t h e  p r e s e n t  economic s l a c k n e s s  " w i l l  

p e r s i s t  f o r  some t i m e  i n  t h e  g r e a t  m a j o r i t y  cf i n d u s t r i e s " . * *  

R e a l  GNP had b e e n  growing a t  an  a n n u a l  r a t e  of 3 . 7 %  s i n c e  

World War 11, and as l a t e  a s  1973,  E l e c t r i c a l  Worlc! c o n t i n u e d  t o  

p r o j e c t  t h i s  ra te  t o  1 9 9 0 .  On September  1 5 ,  i 9 7 4 ,  t h e i r  pro- 

j e c t i o n  was r e v i s e d  t o  3% growth till 1995.*** I n  f a c t ,  r e a l  GNP 

d e c l i n e d  2 . 1 %  ir! 1 9 7 4 ,  w i t h  t h e  f o u r t h - q u a r t e r  d e c l i n e  e s t i m a t e d  

a t  n e a r l y  9 . 5 % .  A d e c l i n e  of 2 . 3 %  h a s  now b e e n  f o r e c a s t  € o r  

1975.  T h i s  i s  t h e  f i r s t  t i m e  t h e r e  have  been  t w o  c o n s e c u t i v e  

* l n d d s t r i a l  -_I_ P r o d i i c t i o n  _-- !\TE?S i ieieases,  Fede ra l  Reserve Board ,  
December 1 4 ,  1 9 7 3  and March 1 4 ,  1 3 7 5 ;  and V a r t a n l g  G .  V a r t a n ,  

" I n d u s t r i a l  Outpil t  i s  Down f o r  F i f t h  Month i n  a ROW", N e w  York - 
Times ,  March 1 5 ,  1975,  p p . 1 ,  37. 
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s h r i n k  y e a r s  s i n c e  1946-1947.* 

Y e t ,  comparing p r o j e c t i o n s  made i n  t h e  Septemker 1 5 ,  1 9 7 4  

i s s u e  of E l e c t r i c a l  World** w i t h  p r o j e c t i o n s  of GNP made i n  t h e  

S ta t emen t  (p .  11.2-53) , w e  f i n d :  

Pe rcen tage  by which S t a t e m e n t ' s  
p r o j e c t i o n  of  December 1 9 7 4  i s  
h i g h e r  t han  E l e c t r i c a l  Wor ld ' s  
p r o j e c t i o n  o f  September 1 9 7 4 ,  i n  

Year 

1 9  80 
1 9  85 
2000 

c o n s t a n t  do 11 a r  s 

1 2 . 9 %  
1 6 . 0 %  
2 3 . 2 %  (E lec t r i c  World 's  

p r o j e c t i o n  e x t r a -  
p o l a t e d )  

S i m i l a r l y ,  t h e  S t a t e m e n t ' s  GNP p r o j e c t i o n  f o r  1985 i s  17 .5% 

h i g h e r  t h a n  McGraw-Hill's p r o j e c t i o n  f o r  GNP i n  1988.*** 

I t  cannot  b e  p r e d i c t e d  w i t h  c e r t a i n t y  what o u r  f u t u r e  growth 

i n  GNP w i l l  b e ,  o r  i t s  r e l a t i o n  t o  energy demand. But p r o j e c t i o n s  

cou ld  more r easonab ly  be made c o n s i d e r i n g  seve ra l  scenarios  and 

t h e i r  energy-GNP r a t i o n s .  The U . S .  Chamber of Commerce has  s a i d ,  

" W e  may be  e n t e r i n g  an  era i n  which t h e  growth of p r o d u c t i v e  

c a p a c i t y  i t s e l f  i s  s u b j e c t  t o  new and s e v e r e  c o n s t r a i n t s .  ' I * * * *  

1. A c c e l e r a t i n g  energy  p r i c e s  and h igh  unemploynent may 

h e r a l d  a r e t u r n  t o  an " i n t e r m e d i a t e  technology"  which i s  more 

* "1975 Annual S t a t i s t i c a l  Repor t" ,  E l e c t r i c a l  Wcrld , March 1 5 ,  
1975,  p .44.  

** Olmsted,  p .44.  

* * *  The American Economy , McGra:g-Hill , I n c .  , p .  5. 

****  A Repor t  of t h e  Counci l  on Trends and P e r s p e c t i v e ,  ECOnOmi~ 
Growth: N e w  V i e w s  and I s s u e s ,  Chamber of Commerce oE t h e  U . S . ,  
Washington, D.c., i 9 7 5 ,  p .24.  
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l a b o r - i n t e n s i v e ,  y i e l d i n g  a lower GNP.* 

2 .  An i n c r e a s i n g  p o r t i o n  of t h e  GNP w i l l  be  claimed by 

a c t i v i t i e s  which are less energy- in tens ive  t h a n  t h e  product ion  

of commodities: educa t ion ,  l e i s u r e ,  h e a l t h  care, government 

a c t i v i t i e s  and o t h e r  s e r v i c e s .  This  has  been evidenced by a 

d e c l i n e  i n  recent y e a r s  of incrementa l  kwhr/incremental  con- 

stant d o l l a r s . * *  

3 .  Market s a t u r a t i o n  may be approaching i n  r a d i o s ,  tele- 

v i s i o n ,  r e f r i g e r a t o r s  and o t h e r  home app l i ances ,  i l l u m i n a t i o n ,  

automation of many i n d u s t r i a l  p rocesses ,  a i r  conditioning i n  t h e  

commercial sector. * * *  
4 .  There may be less c a p i t a l  a v a i l a b l e  from loans .  I n  

September 1 9 7 4  , Bank of America, t h e  w o r l d ' s  l a r g e s t  bank , re- 

p o r t e d  a y e a r  t o  y e a r  loan  growth o€ 31%. 

it had f a l l e n  t o  2 6 % ,  and t h e  i n t e n t i o n  w a s  r e p o r t e d  i n  February 

1975 to purpose ly  lower it t o  lo%, a rate  t'nat was ccns ide red  

one t h e y  could  " s u s t a i n  on a long-term b a s i s t r . * * * *  

By December 1 9 7 4 ,  

5. The f u t u r e  of e l e c t r i c i t y - i n t e n s i v e  i n d u s t r i e s  such as 

aluminum , petro-chemicals  and uranium enrichme2t is u n c e r t a i n :  

a. T h e  product ion  of pr imary aluminum absorbed n e a r l y  

1 2 %  of i n d u s t r i a l  e l e c t r i c a l  s a l e s  i n  1973, o r  a lmost  q% of t o t a l  

* E.F.  Schumacher, Small  i s  B e a u t i f u l ,  Harper & ROW, N e w  York, 1973. 

** (FPC) The F i n a n c i a l  Outlook , pp. 1 4 6 - 7 .  

*** I b i d . ,  pp.135, 144-5. 

* * * *  "t7hy They're Slowing Growth a t  t h a  P lzr ld ' s  Bicjgest L7a;lk" , 
Business  Week, February 24, 1975, p.54. 
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e lectr ic  sales.* 

needed t o  create  aluminum from v i r g i n  o re .**  

However, r e c y c l i n g  t a k e s  only  5% of  t h e  energy 

b.  Nat ions  t h a t  produce o i l  and o t h e r  key mater ia l s ,  

such  as coppe r ,  aluminum and t i n ,  w i l l  be  s e e k i n g  a l a r g e r  s h a r e  

of t h e  economic p i e ,  r a i s i n g  p r i c e s  and s h r i n k i n g  American indus-  

t r i a l  p r o d u c t i o n ,  which i s  c u r r e n t l y  4 0 . 4 %  of e l e c t r i c a l  demand.*** 

Saudi Arabia, f o r  example,  has  a new f ive -yea r  economic p l a n  

which i n c l u d e s  huge i n d u s t r i a l  p r o j e c t s  t h a t  w i l l  make i t  a major  

s u p p l i e r  o f  pe t rochemica l  products .**** 

A confe rence  of 1 0 4  deve loping  c o u n t r i e s  has  pro-  

duced a program t o  r a i se  t h e i r  s h a r e  of  t h e  w o r l d ' s  economy from 

7 t o  25% by t h e  end of  t h e  c e n t u r y ,  c a l l i n g  i t  a new i n t e r n a t i o n a l  

economic o r d e r .  The p l a n  i n c l u d e s  t h e  fo rma t ion  of rnre r a w  mater-  

i a l s  c a r t e l s ,  t h e  r i g h t  t o  n a t i o n a l i z e  f o r e i g n  i n d u s t r i e s ,  and t h e  

t r a n s f e r  o f  b a s i c  i n d u s t r i e s  from r i c h  t o  poor count r ies .***** 

Even b e f o r e  r e l e a s e  of t h i s  p l a n ,  U . S .  energy  consunpt ion  was pro-  

jected by S h e l l  to s h r i n k  from 32% of world consumption in 1 9 7 0  

t o  22% by 2 0 0 0 . * * * * * *  

c. Uranium enr ichment ,  accounted f o r  5% of i n d u s t r i a l  elec- 

t r i c a l  sa les  i n  19-73, o r  2% of t o t a l  e l e c t r i c a l  s a l e s ,  i s  dependant  

* Olmsted, p .49.  

** Reynolds Aluminum ad:  " W e  Don ' t  Be l i eve  i n  Waste". 

*** Olrnsted, 2.48. 

****  Juan D e  On i s ,  "Saudi Arabia  T lans  More Huge P l a n t s " ,  Few York  
Times,  February- 2 2 ,  1 9 7 5 ,  pp.33,  35 .  

* * * * *  "Developing Nat ions  F i n i s h  P l a n  t o  Raise  Share  of Economy", 
N e w  York T i m e s ,  February 1 9 ,  1975,  p .46 .  

* * * * * *  "Energy S e l f - S u f f i c i e n c y  : 1" , S h e l l  xecorts , S h e l l  o i l  ~onipa:::~, 
Houstcn, J u l y ,  1 9 7 4  , p .I. 
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upon t h e  f u t u r e  of  the nuc lea r  ' industry.* 

T o t a l  Energy Demand 

The Sta tement  p r o j e c t s  an h i s t o r i c a l  energy growth r a t e  of  

4.0% till 1980, d e c l i n i n g  t o  3.5% from 1380 t o  2000 and 3 .2% 

from 2000 t o  2020 (p.11.2-54).  E l e c t r i c a l  energy g e n e r a t i o n  i s  

assumed to g r o w  f r o m  25% of c u r r e n t  total energy consumption t o  

65% i n  2020 (p . l . 1 -5 ) .  

Of f i v e  r e f e r e n c e s  g iven  i n  t h e  chap te r  on " P r o j e c t i o n s  

(p .2 .1-6) ,  f o u r  are from 1 9 7 2  and 3ne from of Energy Growth" 

1973 .  I t  i s  s t a t e d ,  " P a s t  f o r e c a s t s  of  energy consumption f r e -  

q u e n t l y  have proved t o  underes t imate  t h e  demand t h a t  subsequent ly  

occurred" .  Aside from t h e  Ford Eoundat ion 's  Energy Prc i jcc t ,  a l l  

of t h e  o t h e r  r e p o r t s  w i th  which t h e  S ta tement  s u p e r f i c i a l l y  

compares i t s  f o r e c a s t ,  were made from 1960  t o  1971 (p.ll.2-54). 

The 3 . 4 %  p e r  yea r  growth r a t e  assumed i n  t h e  Ford Founda- 

t i o n ' s  " h i s t o r i c a l "  s c e n a r i o  i s  c i t e d  f o r  i t s  proximi ty  t o  t h e  

S t a t e m e n t ' s  model, b u t  growth r a t e s  of t h e  o t h e r  two Ford Founda- 

t i o n  s c e n a r i o s  are n o t  c i t e d ,  namely 1 . 7 %  f o r  t h e  " t e c h n i c a l  f i x "  

and 1 . 4 %  f o r  "zero energy growth" till 1985.** 

Though S I P I ' s  comments s p e c i f i c a l l y  asked f o r ' a n  e v a l u a t i o n  

* Olmsted, p.50. 

* *  John C.  iYyers, "Energy Conservat ion and Economic Gro?Jth - A r e  
They Incompat ib le?" ,  The Conference Board Record, February 1 9 7 5 ,  
p .  27. 
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o f  t h e  Counci l  on Environmental  Q u a l i t y ' s  " h a l f  and h a l f "  

p l a n ,  which r e s u l t s  i n  an annual  energy growth r a t e  of 1 .8% 

by 2000,* t h i s  was n o t  mentioned. Nor i s  t h e  impact  d i s c u s s e d  

of t h e  e f f e c t  on demand of t h e  F e d e r a l  Energy Office's p i a n  

(S IPI ,p . IV-8 ) .  The FEO i s  now t h e  Fede ra l  Energy A d m i n i s t r a t i o n ,  

which produced t h e  P r o j e c t  Independence Report .  T h i s  p r o j e c t s  a 

r ange  of growth ra tes  from 3 . 2 %  down t o  2 . 1 %  by 1985."" 

I n  t h e  c h a p t e r  on t h e  "Current  S i t u a t i o n "  (p.2.1-5)  , which 

i s  t h r e e  b r i e f  pa rag raphs  l o n g ,  one paragraph  and a t a b l e  des-  

c r i b e  s o u r c e s  of energy  du r ing  1 9 7 2 .  Another paragraph  b e g i n s ,  

"Over t h e  p a s t  few y e a r s ,  t h e  energy  s i t u a t i o n  has  changed d ra -  

m a t i c a l l y " ,  b u t  t h e  o i l  enbargo of  1 9 7 4  and seci;cela a r e  no t  

ment ioned,  o r  t h e  d r a m a t i c  energy programs c u r r e n t l y  under  con- 

s i d e r a t i o n  by t h e  e x e c u t i v e  and l e q i s l a t i v e  branches  of qovern- 

ment t o  reduce  t o t a l  demand. 

c o n t e x t ,  however, t o  u n d e r l i n e  t h e  need t o  deve lop  and use energy 

s o u r c e s  besides o i l  o r  gas ( p . 1 . l - 5 ) .  

The emhargo i s  r e f e r r e d  t o  i n  a n o t h e r  

The Conference Board has  expres sed  a concern which was n o t  

r e f i e c t e d  i n  t h e  S ta t emen t :  

Energy 
pr ice  
1973 , 

p r i c e s  rcse n e a r l y  11% f a s t e r  t h a n  t h e  g e n e r a l  
l e v e l  (26.5% compared w i t h  1 4 . 1 % )  from 1 9 7 0  t o  
and by t h e  t h i r d  q u a r t e r  of 1 9 7 4  had widened 

t h e  margin by an a d d i t i o n a l  5 0 %  (ove r  t h e  1 9 7 3  ave r -  
a g e ) .  I n c r e a s e s  i n  r e l a t i v e  energy  p r i c e s  of t h i s  
magnitude should  b r i n g  about  s u b s t a n t i a l  changes i n  
energy  use .  * * *  

However, t h e  Bcard concludes  t h a t  energy  use  could  grow a t  

* Counci l  on Environmental  Q u a l i t y ,  AJationai Energy Conserva t ion :  
The Half  and 9 a l f  P l a n ,  March 1 9 7 4 ,  p .10.  

* *  Myers, p . 2 7 .  

* * *  Ibid., p.30 .  
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an annual  r a t e  of on ly  1.5% till 1985 w i t h c u t  damage t o  t h e  

economy, assuming "adjus tments  i n  p roduc t ion  and consumption 

t h a t  w i l l  p e r m i t  less energy t o  be  consumed p e r  u n i t  of pro-  

d u c t .  " * 

Price E l a s t i c i t y  

S I P I ' s  comments r e q u e s t e d  an e v a l u a t i o n  of how r e c e n t  

p r i c e  i n c r e a s e s  would a f f e c t  f u t u r e  e l ec t r i ca l  demand ( S I p 1 , p .  

I V - 5  t o  7 ) .  

Chapman, T y r r e l l  and Mount s tudy  on p r i c e  e l a s t i c i t y ,  which 

s a i d  t o  p r o j e c t  consumption of 1 . 9  t o  4 . 6  t r i i l i o n  kwhr by 2 0 0 0  

(p .11.2-56) .  

causes e l e c t r i c a l  demand e v e n t u a l l y  t o  be  an average  of 1 .5% 

less t h a n  it would o t h e r w i s e  have been.** P r i c e  e l a s t i c i t y  

s t u d i e s  by F i s h e r  and Kaysen, Anderson, and Wilson were n o t  

r e f e r r e d  t o  ***  nor  w a s  t h e  s tudy  i n  t h e  P r o j e c t  Independence 

T h i s  w a s  n o t  found,  though t h e r e  was mention o f  t h e  

was 

Th i s  s t u d y  e s t i m a t e s  t h a t  a 1% i n c r e a s e  i n  p r i c e  

Report .  

While t o t a l  kwhr sales  dropped . 56% i n  1 9 7 4  over  t h e  1 9 7 3  

f i g u r e s ,  U . S .  u t i l i t y  revenues  climbed 23 .3%,  due t o  r a t e  i n c r e a s e s  

and f u e l - c o s t  ad jus tmen t s .  The average  p r i c s  p e r  kwhr was up t o  

* I b i d .  , p.32.  

* *  Chapman, T y r r e l l ,  Mognt, pp.703-8. 

***  M.R.  S e i d e l ,  S.E. P l o t k i n ,  h R.O. Reck, Energy Conserva t icn  
S t r a t e g i E ,  Implementat ion Research D i v i s i o n ,  O f f i c e  of  Research 
and ?Io:,itoring, 3 . s .  ZnvirsrL12ntal P r c t E c t i o n  Agen-y , \<dshingtOi?, 
D . C . ,  J u l y  1 9 7 3 ,  pp.16-19. 
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$ 2 . 3 0 ,  an i n c r e a s e  of n e a r l y  2 4 %  ove r  t h e  1973 ave rage .  Table  I1 

f o l l o w s ,  which shows n o t  on ly  t h e  t r e n d  toward ze ro  d e c r e a s e s  

and l a r g e  numbers of increases i n  p r i c e ,  b u t  ove r  a t r i p l i n g  of 

amount p e r  increase s i n c e  1970.* 

Electric rate increases 
Granted 

1964 .................. 
1965 .................. 
1966 .................. 
1967 .................. 
1968 .................. 
1969 .................. 
1970 .................. 
1971 .................. 
1972 ......... ._._ .... 
1973 .................. 

No. companies Dollars 

4 27,500,000 
0 0 
4 33.432.000 
2 701.000 
8 20,657.000 

19 145.1 23,060 
45 430,576,000 
51 802,676,000 
94 827.090.000 
64 1.150.763.300 

1974 .................. 18 2,331,746.000 

Source Ebaxo % N C ~  Inc 

Pending at year end 
Applications Dollars 

1 270.000 
1 270,000 
0 0 
0 0 

19 194.627.000 
33 490.31 7 !IO0 
40 629.798.(303 
66 970.51 5.000 
69 906 676.060 
71 1.566.545.6CO 

65 2,043.145.GOO 

Electric rate decreases 

No. companles Dollars 

7 964 .................. 
1965 .................. 
1966 .................. 
1967 .................. 
1958 ................. 
1969 ................. 
1970 ................. 
197! ................ 
1972 ................ 
1973 . . . . . . . . . . . . .  

7 1  
83 
46 
26 
14 
1 
2 
: 
0 
0 

11 9.200.000 
113.4Ob.000 
56.8C6.000 
37.703.000 
13.887.000 
5.833.000 
4,500,000 
1 .o0o.000 

0 
0 

1974 .................. 0 0 

Table I1 

Using t h e  Chapman, T y r r e l l  and Nount a n a l y s i s ,  t h e  245, 

p r i c e  i n c r e a s e  i n  1974 should e v e n t u a l l y  l e a d  t o  a demand 36% 

less t h a n  i t  would o t h e r w i s e  have been,  w i t h  a d rop  of 18% 

a p p a r e n t  i n  1981. A drop  of 3 . 6 %  should  b e  a p p a r e n t  by t h e  end 

o f  1975. A drop  o f  3 . 6 %  from t h e  h i s t o r i c  growth of 7 . 8 %  

p r o j e c t e d  i n  t h e  S ta tement  would be a growth of 4 . 2 %  o v e r  t h e  

1 . 7 0  t r i l l i o n  kwhr s o l d  i n  1 9 7 4 ,  o r  1 . 7 7  t r i l l i o n .  The growth 

r a t e  r e p o r t e d  i n  January  and February 1975 was indeed  4?3.** 

p r i c e  e f f e c t  may be o c c u r r i n g  soonek than  Chapman e t  a1 p r e d i c t e d ,  

The 

* " 1 9 ? 5  S t a t i s t i c a l  %port", p p .  6 6 - 6 9 .  

* *  Telephone i n t e r v i e w  w i t h  Leonard M. Olmsted, c o n s u l t i n g  
e d i t o r ,  E l e c t r i c a l  World, February 2 6 ,  1 9 7 5 .  
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which w a s  f o r  t h e  1 9 8 0 ' s  and thereaf te r .  

I n  g e n e r a l ,  t h e i r  conc lus ions  may t u r n  o u t  t a  be  conser -  

v a t i v e .  

of an ave rage  annual  e l e c t r i c i t y  p r i c e  i n c r e a s e  of 3.33% of 

1970 v a l u e s  for t h i r t y  y e a r s ,  o r  a doubl ing  of p r i c e  by t h e  

y e a r  2000.  

2000 used t h a t  ra te  of p r i c e  i n c r e a s e ,  coupled w i t h  a p o p u l a t i o n  

growth of 1.4% per y e a r ,  GNP of 4 %  and p e r  c a p i t a  p e r s o n a l  i n -  

come growth of 2 . 9 %  p e r  y e a r .  The expe r i ence  i n  1 9 7 4  makes 

t h i s  low demand s e e m  more p o s s i b l e :  a p r i c e  i n c r e a s e  of 249; 

o v e r  t h e  1973 l e v e l ,  p o p u l a t i o n  growth of 0 . 7 % ,  GNP d e c l i n e  

of 2.1%, and unemployment r each ing  8% by e a r l y  1975. 

T h e i r  l owes t  p r o j e c t i o n s  were based  on t h e  assumption 

T h e i r  demand p r o j e c t i o n  of 2 . 0 1  trillion kwhr in 

n 




