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ABSTRACT 

The U . S. Atomic Energy Commi ss i  on ( A E C )  has and i s developing addi ti.onal 

plans and new methods f o r  managing radioactive wastes generated by past ,  

present and future operations. The objectives of these programs include plans 

to;  (1) ensure the health and safety of the publfc, (2)  protect our environment 

and ecology, and (3)  use methods acceptable to  the public. A brief overview 

i s  presented of the plans and current studies for  disposing of high-level 

radioactive waste generated in commercial nuclear f a c i l i t i e s .  The methodology 

being developed and used to  assess the merits of a l te rna te  concepts i s  

presented. The 'technical areas where the physics community might contri bu-ie 

4.- 4-.. 
LU l::i~r,;\:.i n~ t h '  s pi*agiqca ai-e out1  i'ced. 

INTRODUCTION 

The powr of the atom - a self-sustained nuclear reaction - was 

demonstrated under the stands of Stagg Field in Chicago on December 2, 1942. 

Because the mil i tary implications of nuclear f iss ion had already been 

recognized, the United States  launched a massive e f f o r t ,  the Manhattan Project, 

t o  develop t h i s  energy form. This led t o  the construction of large nuclear 

reactors to produce nuclear weapons materials. 

The peaceful uses of s p l i t t i n g  the atom were also recognized and soon 

a f t e r  .World War TI, the governmen-t i n i t i a t e4  programs to  rea l ize  the benef? t s  

of producing useful energy froln nuclear f i ss ion .  This e f f o r t  led t o  the 

establishmelit of a commercial nuclear power industry in the 1960s. 

Whether nuclear reactors are used to  pr2duce materials f o r  mil i tary 

purposes or .to gcncratc e lec t r ica l  povrer, a by-product of t h e i r  operatinn i s  



a r a d i n a r t  jt;g y&sjdE2. Th2 nnfa-f; .. , CIU , VUU I. rv,cllb 61 i-i sks assoc? a t e d  i f  t h  these r-aci-iuticti ve 

materials were recognized a t  the s t a r t .  Therefore, s t r ingent  methods have 

been developed to  1 imit the release of radioact ivi ty  and the consequences of 

any release so as to  not have a s ignif icant  adverse e f f ec t  on workers i n  the 

plant, the public, and the environment. 

Because of the mil i tary p r io r i t i e s  applied t o  the i n i t i a l  development of 

nuclear f i ss ion ,  there was l i t t l e  time t o  consider a l l  possible al ternat ives  ' 

for  the management of radioactive wastes. In those ear ly days, a prudent 

ccurse of action was taken: i . e . ,  confine the most hazardous wastes i n  storage 

tanks. The current plan fo r  managing radioactive wastes i n  AEC-owned f a c i l i t i e s  

i s  documented in Reference 1. 

SUMMARY 

Electrical generation planners are  looking t o  an increased use of central 

nuclear power s ta t ions  t o  meet consumer demands. Studies are being cond~!cted t o  

assess the .merits of various methods for  effect ively managing the radioactive 

residues expected to  be produced by projected- growth of nuclear power. The use 

of a Retrievable Surface Storage Faci l i ty  (RSSF) i s  being developed as an 

interim management method whi 1 e numerous advanced methods., f o r  permanent d i  sposal 

are being thoroughly examined. The sc i en t i f i c  and technical community can 

contribute t o  solving this.problem which i s  extremely technically interest jng 

and cer tainly in the National in t e re s t .  Certainly not a1 1 of the creative ideas 

for  disposing of nuclear waste have been forwarded as yet .  Moreover, quantitative 

information i s  'needed t o  provide a firm technical and economic basis f c r  

evaluating concepts currently under study. Developing .the best method for  

managing high-level wastes represents a challenge to  the s c i e n t i f i c  and technical 

community. 
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The components of the nuclear fuel cycle are  shown in  Figure 1 ,  which 

basically represents the cycle for  L i g h t  Water Power Reactors (LWRs). The 

logis t ics  of fuel in t h i s  cycle s t a r t s  w i t h  the mining of uranium, then on 

to  the three processing s teps to  upgrade the qual i ty  of the fuel (mill ing, 

conversion, and enrichment), through the fabrication of fuel elements and 

ut i l izat ion of these t o  produce e lec t r ica l  energy, t o  the reprocessing of the 

spent fuel and the disposal of reprocessing residues. In the process of 

producing fuel e i the r  from mining and refining uranium or  in recycle of 

fissionable materials recovered in reprocessing (see Figure I ) ,  radioactive 

wastes are generated. These wastes consist  of such things as rags, sweepings, 

boxes, piping, f i l t e r s ,  spent resins ,  e t c , ,  ~intaminated with small amounts 

of uranium, p'iutonium and f iss ion products. The volume of t h i s  type of 

iicn-hi gh-1 eve? wastz -.I' '. ,,h i s  cjzezraied i n  ,the various steps of the f u e l  

cycle i s  several hundred times larger  than the volume of high-level waste. 

However, the average concentration of radioactive materials i n  these wastes 

will be low. 

In the prncess of producing nuclear power, radioisotopes other than 

uranium are produced. These incl ude f i ss ion  products (essential  1 y the 

by-product of f i ss ions  in ur-anlum and pi utonium) and other act inide elements 

(by-products of neutron capture i n  uranium and plutonium). Spent fuel 

discharged  fro^ the reactor i s  then chemically reprocessed t o  recover uranium 

and plutonium. During t h i s  s tep,  high-level waste i s  formed as an acidic 

aqueous stream. * This high-level waste contaivs mnqt  o f  the  rcactov-.i~rodticed 

*High-l.evel l i q ~ l i d  waste i s  defined in Appendix F ,  10 CFR 50, (Reference 21, 
as the aqueous waste resul t ing from the operation of the f i r s t  cycle solvent 
extraction system, or  equivalent, and the conc~nt ra ted  waste of subsequent 
extraction cycles,  or  equivalent, in a f a c i l i t y  fo r  reprocessing i r radiated 
reactor f ~ e l  s . - 
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, separated during reprocessing. The high-level waste from the  reprocessing 
* 

v. I of the  i r rad ia ted  f u e l s  i s  the  most s i gn i f i c an t  waste material from the  

standpoint of hazard and d i f f i c u l t y  of disposal s ince  i t  contains e s sen t i a l l y  
6 --- 

a l l  of the  f i s s i on  products and a f rac t ion  of the  fuel mater ia ls .  This 

high-level waste generates s u f f i c i e n t  heat t o  require substant ia l  cooling. 

I t  emits large  amounts of po ten t ia l ly  hazardous ionizing radia t ion and i t  

must be ca re fu l ly  i so l a t ed  o r  contained f o r  thousands of years  t o  prevent 

s ign i f ican t  quan t i t i e s  of the  more highly toxic  radionuclides from enter ing 

man ' s environment . H i  gh-1 eve1 nuclear wastes a re  categorized a s  1 ong-1 i ved 

and short-1 ived. The short-1 ived a re  defined as  those w i t h  .half-1 ives  of 

ten of years o r  l e s s ,  whereas the  long-lived a re  those w i t h  ha l f - l ives  of 

thousands o r  more years .  W i t h  reprocessing, high-.level waste management 

begins. Ufi&ie the  terms 6;' prese~it Federal pal i cy ,  7 iquid h i  gh-1 eve1 waste 

from fuel reprocessing must be converted t o  a s t ab l e  so l i d  material w i t h i n  

f i ve  years a f t e r  separation i n  the  fuel reprocessing s t e p ,  and be encapsulated 

and shipped t o  a Federal reposi tory  within 10 years of i t s  production f o r  

long-term management by the  AEC.  

HIGH-LEVEL WASTE PROJECTIONS , - - .  . 

Forecasts (3,4,5) of i n s t a l l ed  e l e c t r i c a l  generation capacity f o r  the  

United S ta tes  show an increasing dependence on nuclear power. As shown in 

Figure 2,  i n s t a l l ed  U.S. nuclear e l e c t r i c a l  generating capacity i s  projected 

t o  increase from about 15,000 megawatts i n  1973 t o  about 1,200,000 megawatts 

by the  year 2000. The power reactors  expected t o  be used include Light 

Water Reactors (LWRs) , H i  gh-Temperature Gas Cooled Reactors (HTGRs) and 

Fast Breeder Reactors (FBRs) p r inc ipa l ly  the  l iquid  metal cooled type. The 

nuclear p ro jec t ion  by react.or type i s  shown i n  Figure 3 .  As shown, the  LWRs 

are  the  major reactor  type expected t o  be producing power. 
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FIGURE 2. PROJECTED U.S. ELECTRICAL GENERATING CAPACITY 
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chemically processed a t  fuel reprocessing plants to  recover the s ignif icant  

amount of valuable "unspent" f i s s i l e  and fer . t i l e  materials fo r  recycle. As 

an example, i r radiated enriched uranium Light Water Reactor (LNR) fue ls  

typically contain about 30 percent of the original f i s s i l e  uranium and the 

f i s s i  l e  plutonium tha t  i s  produced by reactor i r rad ia t ion .  Typical 

c.onstituents of high-level l iquid .wastes from the reprocessing of i r radiated 

fuels from LWR, LMFBR, and HTGR plants are  shown in Table 1 .  This table  was 

developed for  aqueous acidic  wastes from f i  rst-cycl e sol vent extraction .where 

the additi'0.n of chemicals tha t  could be' troublesome i n  subsequent sol idi  f icat ion 

processes i s  minimized. Troublesome chemicals incl ude the water soluble,  

vol a t i  1 e ,  or coi-rosi ve species or  those tha t  resul t i n  segregation o r  phase 

separation during so l id i f ica t ion .  

ende;- +.- ~ d i i ~ ~  . .. o f  present pol icy(2) ,  t h i s  high-ieuel waste must be 

sa l id i f ted  pr ior  t o  shipment to  a Federal repository. The 'amount of sol id i f ied  

waste expected t o  be generated i s  shown i n  Figure 4. By the year 2000, about 

480,080 cubic f e e t  of so l id i f ied  high-level waste will be accumulated. T h i s  

ardunt of material will generate approxfmately 600 megawatts of decay heat 

from some 140,000 megacuries of radioactive residue. The heat will decay to 

essentSai ly  insignif icant  levels  within the f i r s t .  1000 years; however, the 

presence o f  long-lived isotopes extends the safety aspects of waste management 

in to  a much longer period: of time--perhaps as much as  a million years. 

WASTE MANAGEMENT PLANS 

The near-term waste management plan tha t  has been adopted by the AEC f o r  

hjgh-level waste c a l l s  fo r  A E ~  receiving and managing these wastes i n  

mtr ievable  and tnoni torable  storage faci  1 i t i e s  unti 1 one o r  more of metholis 

far u1 timate disposal f s selected and devel oped. Permanent management methods 



TABLE 1. Cons t i t uen ts  o f  High-Level Li.quid Nastes 

Cons t i t uen t  Grams/metric t o n  (MT) f rom 
Reactor Type 

T o t a l  (Reprocessing 
Chemicals and Cor- 
r o s i o n  Products 

Other  A c t i n i d e s  (d) 

- 

(f 1 . I*  . 
T o t a l  F l s s l o n  

Products 28,800 ' 79,400 33,000 

T o t a l  102,800 538,400 418,600 



1 1  9-r ~ - L - " I  n 1 1 -  "sf ng 378 ;i-i-e,s aqueous $ias.i.e \a) u-~3;) CII I '  I L l t r u  r :r,in, 
per metric ton,  33,000 MWd/PlT exposure. 

( b )  Combined waste from separate  reprocessing of " f resh"  
fuel  and f e r t i l e  p a r t i c l e s ,  using 3,785 l i t e r s  of 
aqueous waste per metric ton,  94,200 MWd/MT exposure. 

( c )  Mixed core and blanket ,  w i t h  boron as soluble  poison, 
10% of cladding dissolved,  1,249' 1 i t e r s  per rnetric 
ton ,  37,100 MWd/MT average equi 1 ivan t  exposure. 

( d )  A t  time of reprocessing. 

( e )  Assumes 0.5% product l o s s  t o  waste. 

( f )  Noble gas and tritium fiss, ion products excluded. 
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FIG 4. ACCUMULATED VOLUME OF HIGH-LEVEL WASTE 



w i i i  be deveioped from various concepts now under study. The f e a s i b i l i t y ,  

technical s t a tus ,  safety analysis,  development requirements, schedules and 

costs are  being projected to  properly assess each concept and provide data 

for  selection of. the most promising concepts. Wastes other than high-level 
-' 

wastes are disposed of in commercial burial grounds. In the case of 

" cladding hull s ,  noble gas cylinders, and long-1 ived a1 pha-emi t t i n g  

pl utoni urn and other transuranic wastes, future regulations may require 

storage in a Federal repository. 

Parti t ioning pr ior  to  disposal i s  a key element in cer tain of the 

conceptual waste management systems. By dividing the hi gh-1 evel waste into 

two f ract ions,  one in which the major content of radioactively toxic materials 

will diminish t o  very low levels  in about a thousand years and the other,  much 

smaller in quantity and 'heat generation r a t e ,  b u t  containing long-1 ived 
-F. material s ,  a suhs tan t i  a! increase occur; i~ wcste ixiii&gernet-it options. I ne 

short-1 i ved fract ions would then decay to  become radioactively non-toxic in 

. relat ively sllort times--times short  enough t~ perhaps consider long-term 
,.- A- 

storage such as i n  manmade s tructures .  The long-lived fract ion could be 

considered fo r  treatment by other management systems. To produce a short-  

. ' l ived waste fraction which would decay to  negligible radioactive toxic i ty  in 

about 1,000 years would require removal of tlie act inide elements, samarium, 

technetium, t i n ,  iodine, and nickel (radioactive nickel present due t o  

dissolution of some non-core components. 

Sol i di f i  cat i  on of Hi gh-Level Waste 

Present. Federal regulations requi re tha t  the 1 iquid hi gh-1 evel waste 

from -fuel reprocessing be converted t o  a sol i d  materi a1 and he encapsulated 

prior t o  shipping to  a Federal repository for* long-term management by the 

AEC. The sol idif ied high-level waste i s  assuined to  be encased in s tee l  

canisters typically 12 inches (30 centimeters) in diameter and 10 f e e t  



(300 cent imeters) .  l o n g ,  each container holding 6.3 cubic f e e t  of sol id  waste. 

The projected and annual accumulation r a t e s  of volumes of so l i d i f i ed  waste .' 

contained in can i s t e r s  of t h i s  s i z e  a r e  shown in Figure 5. By the  year 2000, 

the  volume of so l i d  high-level waste i n  terms of t he  number of c an i s t e r s  wil l  

number about 75,000. 
Four s o l i d i f i c a t i o n  processes have been developed in the  United S ta tes  

t o  the  point of radioact ive  demonstration on an engineering sca le :  

@ Spray Sol id i f i ca t ion  

@ Fluidized Bed Calcination 

@ Pot Calcination 

@ Phosphate Glass Sol id i  f i c a t i on  

In a l l  four processes, heat i s  applied t o  dr ive  o f f  v o l a t i l e  constituents,:, 

primarily water and n i t r a t e s ,  r esu l t ing  i n  e i t h e r  a calcined so l i d  o r  a melt 

t ha t  will cool t o  a mono1 i t h i c  so1 i d .  

The Waste ~ i x a t i o n  Program* (wFP)''] has as i t s  chief  goal t o  provide 

technology f o r  reprocessors by developing and eval uating .final waste forms and 

developing appropriate waste sol i d i f i c a t i  on techno1 ogy. Developed s y s t ~ m s  wi 11 

be taken a l l  the  way through a radioact ive  demonstration phase. Solid waste 
- .  

forms from these demonstrations will  be s tud ies  to,  determine the  e f f e c t s  ?f 
- . .. 

time and environment. The current  'emphasis of t he  WFP i s  t o  provide ea r ly  

so l i d i f i c a t i on  tec,hnology by working w i t h  boros i l i ca te  g lass  or.ceramic systems; 

As these so l ids  have had the  g rea tes t  development e f f o r t  on a worldwide bas i s ,  

development of acceptable systems t o  produce the  so l i d s  should be near-term. 

The boros i l i ca te  so l i d s  wi l l  o f f e r  a vas t  improvement i n  waste management 

safe ty  over l iqu ids  o r  calcined so l i d s .  In an e f f o r t  pa ra l l e l  t o  the  

borosil i c a t e  sol id  development, s tud ies  a re  a.imed a t  determining and. deve? oping 

a waste form w i t h  even be t t e r  confinement proper t ies .  An example of t h i s  

*An AEC Program i n  progress a t  the  Pac i f ic  Northwest Laboratory t o  develop and 
demonstrate so l 'd i f i cs t ion  of high-level waste .  

13  



AN
NU

AL
 R

AT
E 
OF
 A

C
C

U
M

U
LA

TI
Q

N
 O
F 

C
A

N
 

ER
S 



w9c?d be 2 mu! t jp le -bar r je r  mterjg!. Th's.co:?d ZZ- ;~ !  vc cavcring sxa?? 

pieces of solid waste with a protective coating. The coated sol ids  could then be 
*I 

dispersed in a protective matrix. Further protection could be provided by 

outer wrappers. 

Retrievable Surface Storage Faci 1 i t y  (RSSF) 

For retrievable and moni torable storage of 'sol id i f ied  .high-level waste 

i n  a surface f a c i l i t y ,  several a l te rna t ive  RSSF concepts based on the enclosed 

basin or vault type of storage with a i r  or  water cooling of the waste are  

'. being developed by the Atlantic Richfield Hanford Ccmapny for  the AEC (9,10) 

For sake of providing an overview of high-level waste management, a brief 

- summary of these concepts i s  given here. 

The Retrievable Surface Storage Fac i l i ty  (RSSF) will be comprised of 

-facil  i t i e s  for  receiving and inspecting packaged wastes from fuel processors 

and Pac-i: i t i  c; -For safely - s to r i  rig tiiese wastes. Tiis faci  7 i t y  will be &signed 

to  hold safe ly , .  for  a t  .least 100 years i f  necessary, a1 1 of the commercial 

high-level w s t e  produced in the United States  through the year 2000. 

Basically three RSSF concepts are under consideration by the A E C ,  the 

Water Basin Concept, the Sealed Cask Concept, and the Air-Cooled Vault Concept. 

Water Basin RSSF. In the Water Basin C'ncept, the canis te rs  are stored 
-~. . .-- 

in water-fi l led s tainless-s teel- l ined concrete basins. The concept 

consists of three major elements, namely: the waste, receiving and 

hand1 i ng  faci 1 i ty ;  the storage faci  1 i ty ,  a se r i e s  of water-fi 11 ed concrete 

basins in which the wastes would be placed f o r  cooling and long-term 

surveillance; and the heat rejection f a c i l i t i e s .  For the l a t t e r ,  a ser ies  

of forced-draft cooling towers i s  associated with the basins, from which 

the waste heat would be dissipated t o  the atmosphere. As in a l l  the 

concepts, .there would also be support f a c i l i t i e s  and services.  Figure 6 



shows a conceptual layout of the water-cooled basin concept. Modular 

construction of the actual storage area would be planned so tha t  the 

storage capacity would keep pace with the waste expected to  be delivered 

t o  a Federal repository. Water in the basin would serve as a heat sink 

in case of temporary f a i lu re  of mechanical cooling equipment and the 

water would provide both radiation shielding and a confinement bar r ie r .  

Sealed Storage Cask RSSF. In the sealed Storage Cask Concept, the 

canisters would be sealed in s teel  casks which woul'd be stored outdoors 

on concrete pads inside concrete neutron shields as shown in Figure 7 

for  the thick.wal1 stdi-age unit  and i n  Figure 8 for  the medium wall storage 

unit .  Heat would be dissipated from the casks by natural convection a i r  

flow thro~lgh the annulus between the cask and the neutron shield.  The 

three majcr elements of the concept are  the waste receiving and handling 

. f ac i l i t y ;  the storage cask welding and test ing f a c i l i t y ;  and the outdoor 

waste cask storage areas. The storage area would be surfaced with crushed 

rock as required t o  prevent wind erosion and provide access f o r  the 

transport vehicle t o  a l l  the storage cask locations.  Area monitors a7d 
* 

samplers would be provided t o  detect any radioact ivi ty  above' the normal 

background 1 eve1 . A security fence would enclose the area t o  provide 

isolat ion and prevent inadvertent entry by personnel . 
Air-Cooled Vault RSSF. In the air-cooled vault concept, the waste canis ters  

would be sealed by welding them inside of another carbon s teel  container. 

This assembly i s  then placed inside concrete vaults t o  be cooled by ~ a t u r a l  

draf t  convection as i l l u s t r a t ed  in Figure 9. The three major elements 

of the concept are the waste receiving and handling f a c i l i t y ;  the welding 

and test ing f a c i l i t i e s ,  and the canis ter  storage c e l l s .  Expansion of 

f a c i l i t i e s  fo r  hand1 ing and  encapsulating (overpatk) would be required 
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F IGURE 6. WATER B A S I N  CONCEPT - F A C I L I T Y  LAYOUT 



FIGUR.E 7, STORAGE AREA - THICK WALL SEALED STORAGE CASK CONCEPT 
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periodically. The receiving and welding s ta t ions  could be expanded in 

modular components. No continuous mechanical cooling systems or emergency 

backup Fac i l i t i e s  would have to  be provided. 

Potenti a1 Future A1 t e rna t i  ves 

When the AEC made i t s  decision to  use .the RSSF technique f o r  managing the 

commercial high-level radioactive waste, i t  recognized tha t  while t h i s  

approach i s  simple, straightforward and safe,  i t  does impose a long-term 

requirement f o r  human surveil lance and maintenance. The AEC f e e l s  t h a t  i f  

management techniques can be.. devel oped which are  equal 1 y .safe  and which would 

eliminate, or  a t  l e a s t  minimize, t h i s  human action requirement, they should be 
. . 

used. For t h i s  reason, the AEC undertook a r a thwex tens ive  program, t o  

identify,  evaluate and possibly demonstrate feasible  a l te rna t ive  disposal 

techniques fo r  l a t e r  use. Studies of disposal in bedded s a l t  formations have 
F p ( l l  ,12) been and are  being conducted by Oak Ridge Na.i;ior~ai Laboratory ,for "Lhe ALL 

and studies of other a l te rna t ives  fo r  managing high-level waste a re  being 

studied by Battel l e  Pacif ic  Northwest Laboratories (Battell  e-Northwest) f o r  the 

A E C " ~ ) .  A brief description of the bedded s a l t  concept i s  given here to  aid in 

the overview of high-level waste disposal. In the next section the advanced 

waste studies being conducted by Battel le-Northwest a re  reviewed'. 

As shown in Figure 10, there are  f a i r l y  large deposits o f  rock s a l t  in 

the U.S. The bedded s a l t  concept i s  based upon the principle of isolat ing the 

h i  gh-1 eve1 wastes i n  a stab1 e underground sa1 t formati on. The hand1 i  ng  process 

and emplacement operations envisioned i s  shown in Figure 11. Studies are 

underway to evaluate and demonstrate safe ,  competent, receiving, handling, 

emplacement, and re t r ieva l  operations as well as providing means t o  demonstrate 

the adequacy of analyt ical  techniques used t o  predict the long-term s t a b i i i t y  

of s a l t  beds when they contain heat-producing waste. 



S O U T I - ~ E R N  
F L O R I D A  

FIGURE 10. ROCK S A L T  GEFClSiiS I N  T H E  U N I T E D  S T A T E S  ( A F T E R  P I E R C E  AND R I C H ,  
U . S . G . S .  B U L L .  1148) 
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FIGURE 11. HANDLING PROCESS 1% BEDDED-SALT DISPOSAL 



Advanced Waste Studies Conducted by Battelle-Northwest 

In addition to  the RSSF and bedded s a l t  disposal programs, the AEC has 

commissioned Battelle-Northwest to  make an evaluation of a l l  other potent ial ly  

a t t rac t ive  disposal concepts. The purpose of t h i s  evaluation. i s  t o  ident i fy 

feasible and potent ial ly  feasible  long-term waste management systems and t h e i r  

components, evaluate the safety of these systems, ident i fy the research and 

development necessary fo r  the i r  establishment, and estimate the schedule and 

costs associated with selected systems. A synopsris of t h i s  work has been 

pub1 ished previously ( I 4 )  and de ta i l s  of these studies will be published in 

(15) topical reports t o  be issued l a t e r  t h i s  year . 
Three basic.types of waste management concepts are  under study: (1) 

disposal on ear th,  ( 2 )  conversion by nuclear processes ca l l  ed t ransmuta t io~ ,  

and ( 3 )  disposal in space. The ear th disposal concepts involve use of geologic 

for i~~at ions,  ice  sheets arid the seabed. The space aisposai concept invoi ves 

transporting waste t o  various orb i t s  or t ra jec tor ies  in space. Transmutation 

involves elimination of some of the more offensive waste nuclides by nuclear 

t ransi t ion.  A1 ternat ives  within these categories are l i s t ed  in Table 2. 

Study Methodology - Briefly presented here i s  the overall analytical system 

methodology by which each disposal concept and i t s  waste management system 

elements are being studied. The factors  upon which the evaluations are  being 

made i s  graphically i l l u s t r a t ed  in Figure 12. 

The technical f e a s i b i l i t y  of the potential disposal concepts i s  being 

determined in t h i s  study by answering the following questions:. 

1 )  Can the disposal concept be implemented using today's technology? 

(This does not imply tha t  addi tionai development i s  not necessary t o  

adapt exis t ing sc i en t i f i c  and engineering technology to these disposal 

concepts . ) 



upon current theory? ( I s  i t  theoretical l y  possible?) 

3)  Mill the disposal concept provide adequate safe ty ,  f o r  the time period 

of concern? (Truly quantified answers t o  t h i s  point require very . 

extensive study, and only qual i ta t ive indications are  .being developed 

for  t h i s  study using currently available da ta . )  

4 )  Does the concept have a favorable energy balance? ( I s  the energy 

consumed in the implementation of the disposal concept suf f ic ien t ly  

less  than the e lec t r ica l  energy obtained from the nuclear fuel 

represented by the waste?) 

Estimates are  being made of the research and development time and 

expenditures necessary f o r  solution of the technology needs. The date by dhich 

the concept could be in operation i s  also bei'ng estimated. 

Capita' an.! opst-3t-ir.g costs are  being kstimated, using the basic assuinption 

tha t  the necessary research and development had been successfully completed. 

Major legal constraints  ( i  .e. ,  policy conf l ic t s )  and expected or potential major 

environmental impacts a re  a1 so ident i f ied.  Social psycho1 ogi s t s  are  developing 

techniques t o  measure the public's perceptic. of the safety elements of ( i  .e. ,  r i s k )  

the various concepts. 

The evaluation proceeds as 'follows. Since the resu l t s  of these elements 

are calculated in completely d i f fe rent  uni ts ,  simply adding up  the performance 

level by element does not necessarily lead t~ consistent information. Recognizing 

t h i s ,  the technique being used i s  simply onc of overcoming obstacles to  performa.nce. 

For instance, the technical f e a s i b i l i t y  obstacle would be of the "yes-no" type. 
5 

Here "yes" i s  required before analysis of R&D requirements would be undertaken. 

In t h i s  way the timing f o r  ava i lab i l i ty  of t given technology could be ascertained. 

Once the f e a s i b i l i t y  of the technology i: established, a preliminary analysis 



TABLE 2. Concepts Under Study f o r  High-Le.vel Radioactive Waste Management 

DISPOSAL 

Geologic Formations Seabed 

Mined Cavity Stable Deep Sea Floor . 

~ u c l  e a r  Cavi t . ~  Tectonic Subs< dence Areas 

Deep Hole Deep Trenches Other Than 
Subsi dence Areas 

Dri l led  Hole Matrix Rapid Sedimentation Burial 
Manmade Structures  in  Geologic 

Formations 

Ex t r a t e r r e s t r i a l  Ice Sheet 

Ice  Burial - Free Flow ;, Solar Impact 

Ice  Burial - Anchored Orbit ing 
Ic2 Surface Fac i l i t y  Solar  Escape t o  Deep Space 

' .  

ELIMINATION 

Transmutation 

Accelerator 

Fission Reactor 

Fission & ~hernonuc l  e a r  Explosives 

Control 1 ed. Thermcnucl.ear Reactor 
(Fusion Reactor) 

Par t i t ion ing  
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cf system s2fety ? c  asde ns?ng the m&e! ont17ned i n  F j g z r e  13. Safety s s ,  

and has t o  be, a major consideration in decisions on the use of any potential 

disposal scheme. An acceptable option must provide adequate protection during 

operational phases and provide the necessary isolat ion during the disposal 

phase. For t h i s  study "safety" i s  equated d i rec t ly  to  the potential r i sk  t o  

man that  could r e su l t  i f  the disposal option was implemented. 

As shown in Figure 13, the overall matrix s t a r t s  with defining the general 

character is t ics  of the disposal concept. The next step i s  evaluation of the 

most l ike ly  sequences of fa i lure  events leading t o  release of radioactive mate ria!^ 

to  man's environment and. determination of the probabili ty of these sequences taking 

place. The next s tep follows the most l ike ly  sequences through the physical 

and chemical p l -~cesses  required to  release the waste constituents in to  man's 

immediate envi i:~nment. The character is t ics  of the waste must be dea l t  with 

paramstriz??:y a t  the t i n e  the c r i t i c a l  e w n t  takes place. The generic s i t e  . 

defines the media (grani te ,  s a l t ,  shale,  s o i l ,  a i r ,  water, e t c . )  through which 

radionuclides must move. Finally, based on the population as indicated for  the 

generic s i t e  and the calculated release ra te ,  the dose t o  the surrounding 

populatior: can be estinlated. 

The probabi l is t ic  r i sk  to  msq can be determined by multiplying the probabili ty 

of the event taking place times the radiologicai dose i f  the event happened. 

By comparing each of these doses with appropriate c r i t e r i a ,  i t  can be determined 

whether or not the r i sk  to  man exceeds acceptable c r i t e r i a .  If  the r isk level 

i s  unacceptably high, changes could be made in the concept to  improve thc level 

of r isk.  If  the r i sk  fo r  a concept meets a l l  c r i t e r i a ,  the concept will be 

considered to  have met the safety requirements. 

Analysis of system cost being made f o r  t h i s  study considers such costs 

important only i f  they would r e su l t  in major changes in the nuclear fuel cycle 

and hence a l t e r  the nuclear waste nianagement system. 



FIGURE .13. SYSTEM SAFETY EVACUATION MODEL 



Implementation of some of ;the considered 'concepts would c o n f l i c t  with 

present pol icies--such as disposal of radioactive material s in the  ocean, This 

policy and s imi la r  ones which a re  e i t h e r  par t s  of the  Federal Code of Regulations 

or  of in ternat ional  agreements a re  iden t i f i ed  so t h a t  problems involved with 

policy changes can be weighed against  the s a f e ty  and economic po ten t ia l s  of a 

par t i cu la r  waste management concept. The environmental impacts, as ide  from the  

potential  re1 ease of radioac'ti ve materi a1 s , are  not expected t o  control 

concept se lect ion but wi l l  be important f ac to r s  in  de ta i l ed  s i t e  se lec t ion .  

General impacts, such a s  land,  sea or  water use, a re  l i s t e d  f o r  evaluation.  

The f i na l  area f o r  evaluation i s  the  potential  public response t o  ,a 

chosen waste management scheme. Obviously th 's  i s  a nontechnical subject  and 

most d i f f i c u l t  $ 0  evaluate.  An i n i t i a l  studvrof methodology i s  being designed t o  

iden t i fy  those aspects of the  waste management systems t h a t  m i g h t  be deemed 

most important by t he  general public. After  such ana lys i s ,  adequate information 

could be made ava i lab le  on these points so t h a t  the  public could be t t e r  understand 
~ 

and s t a t e  i t ' s  opinions on overall  implications of the  a l t e r n a t i v e  waste 

management.concepts. The. pub l i c ' s  acceptance of a t echn ica l ly  sound waste 

management system i s  a most important goal. 
\ 

Class 1 - Geol agic  Disposal Concepts - Disposal of radioact ive  waste i n  geologic 

formations has the  potent ia l  of i so l a t i ng  the  waste from man's environment 

f o r  extended time periods (mi 11 ions of years ) .  Geologic environments e x i s t  

which have been physical ly  and chemically s t ab l e  f o r  mil l ions  of years ,  a re  

isola ted from man's environment, and can po ten t ia l ly  provide e f f ec t i ve  ba r r i e r s  

between waste and man's environment f o r  the  time p ~ r i o r l s  required.  The basic 

requirement f o r  any geologic environment t o  be su i t ab l e  f o r  disposal of 

radioactive waste i s  the  capab i l i ty  t o  sa fe ly  contain . t h e  emplaced radioact ive  

material un t i l  decay ha.s reduced the rad ioac t iv i ty  t o  nonhazardous level  s. The 



geologic environment should !a) be adequately f a r  removed from man's environment, 

( b )  not permit waste t ranspor t  read i ly ,  ( c )  remain r e l a t i v e l y  s t ab l e  over 

geologic time periods,  and ( d )  adequately . . contain a highly immobile waste form. 

There a r e  several ways a geologic formation can be penetrated and a l t e red  
4 

t o  provide a su i t ab l e  cavi ty  f o r  waste emplacement purposes. The present 

study i s  considering t he  use of d r i l l  ing,  mining (mechanical and d i s so lu t i on ) ,  

hydraulic f r ac tu r ing ,  and nuclear cavi ty  formation. ' A l l  of these  methods become 

more d i f f i c u l t  w i t h  increasing depth. A t  depths up t o  about 10,000 f e e t ,  any 

of the  methods may be used. Dr i l l ing  has the potent ia l  of going t o  g rea t  

depths; the present record i s  around 30,000 f e e t  (about 5.6 miles) .  

The geologic disposal s tud ies  involve evaluation of concepts o ther  than 

the bedded s a l t  disposal concept. The methods under consideration f o r  disposal 

of radioactive xas te  i n  a given geologic formation include: 

(1 ) Pl zcing so1 i d i f i e d  waste d i r e c t l y  i n to  a cjeol ogjc formaticn. 

(2 )  Placing s o l i d i f i e d  waste i n  man-made containment ba r r i e r s  w i t h i n  a 

geologic formation. 

(3 )  Placing s o l i d i f i e d  waste i n  a geologic formation i n  a configurztion 

t o  allow the  waste t o  melt and form a rock-waste matrix. 
, 

Each of these basic concepts has a nuniber of var ia t ions .  

Disposal of previously so l i d i f i ed  waste i n  a conventionally mjned cav i ty ,  

shown i n  Figure 14, i s  one of the  more basic concepts under study and i s  used 

here t o  i l l  u s t r a t e  a geologic disposal a1 t e rna t ive .  I t  would use a building 

above ground t o  receive the  waste can i s t e r s  and t r ans f e r  them down in to  the  

underground area. The waste can i s t e r s  a r e  placed i n  s torage pods located i n  
T 

l ined tunnels.  The storage pods a r e  air-cooled,  though o ther  means of cooling 

appear feas i  bl e.  After  an appropriate time period (general l y  t ens  of years ) ,  

t he  cooling system can be shut down and t he  reposi tory  permanently.sealed. 



FIGURE i 4 .  Concept f o r  S o l i d  Waste Emplacement i n  a Mined Tunnel 
w i  t h  Natural  Convection A i r  Cool i n g  
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Disposal of high-level waste within the f loors  of the world's oceans 

offers 'another possi bi 1 i ty  f o r  permanent is01 ation of the w ~ s t e  from man's 

environment. The depth t o  the f loor  or seabed would provide isolat ion and 

safety from natural d isas te rs  such as storms, as well as from sabotage or  

accidental disturbance. The la.rge volume of seawater could help cool the 

. waste and ef fec t ive ly  d i lu t e  any material t ha t  escaped from the disposal s i t e .  

The known high ion exchange capacity of the seabed sediments would aid in 

immobilizing waste material i f  any waste escape should occur. 

A number of seabed disposal concepts are being evaluated b u t  a l l  are 

basically the same except f o r  the s i t e .  The following geologically d i s t i n c t  <,. 

types of s i t e s  on the seabed are being considered. 

(1) Stable Deep Sea Floor--areas such as deep sea basins and abyssal 

plains and h i l l s ,  which are  considered geologically s table .  The  

waste would be placed in the seabed below the unconsolidated . 

seiimentary cover. 

( 2 )  Subduction Zones--areas where, acccrdi ng to  crustal  plate tectonics 

theory, one edge of cer tain crusta: plates i s  moving under other 

crustal  plates  and down into the ea r th ' s  mantle. The waste would 

be placed in these areas t o  be carried down, or  subducted, into 

the e a r t h ' s  mantle with the crustal  plate .  

(3 )  Deep Sea Trenches other than Subduction Zones--areas where deep 

trenches occur in the sea f loo r ,  The waste would be placed in the 

dense seabed a t  the bottom of these trenches. 

(4)  High Sedimentation Rate Areas--areas where major r ivers  are  building 

de l tas  in to  the ocean. The waste :\~ould be placed i n  the seabed 

below the accumulating de1 t a i c  sediments. 
, ,  



The radioactive waste wou'ld be in a sol id form and enclosed in - a  durable 

sealed canis ter .  To fur ther  i so la te  wastes, the canis ters  would be placed in 

prepared holes in the seabed, a f t e r  which the holes would be sealed. The 

C 
depth of the prepared holes would depend on the nature of the seabed a.t the 

disposal s i t e .  

A schematic description of the seabed c 0 n c e p t . i ~  shown in Figure 15. The 

previously so l id i f ied  and canned bulk waste from the .reprocessing plant would 

be transported in protective casks to  special ports of embarkation fo r  

inspection and possible short-term storage. The waste would then be transported 

in protective casks by ships to  the disposal s i t e  where a number of waste 

canisters would be placed in each pre-drilled hole in the basement rock from 

a special d r i l l i n g  platform and the upper section of each hold would be 

f i l l e d  with a sealant,  

Implementation of the seabed disposal conczpts in the s table  deep sea xreas 

and in the areas of rapid sedimentation could be attained with today's 

technology b u t  a number of years would be required fo r  development t o  prove the 

safety of the concept. Significant development of d r i l l  ing and emplacement 
. . 

technology would be required to  implement disposal i.n 'the very deep. sea are  a's.... .,: 
. . 

-. . . . . ,  ;i.. . -  
of the trenches and the subduct ion zones. F i n a l ~ e a l i n ' ~  of.;the disposal hcles , .  :-.:.:%' 

to  maintain isolat ion fo r  the long time periods of concern would need t o  b? 

tested. (and improved i f  necessary) fo r  radioactive waste disposal . 
Disposal of radioact'ive waste in the sea.bed has the. potential f o r  isolat ing 

waste fsi'om man's environment f o r  periods in the order of mil 1 ions of ycars,  

1 depending upon confirmation of inferred know1 edge by future seabed exploration. 

I c e o s a l  - Concepts 

L. Alternative concepts for  radioactive waste disposal i n . t h e  major ice  sheets 

of the world (Greenland and Antarctica) are being eval uated. Potential 
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F IGURE 15. CONCEPT FOR SEABED DISPOSAL OFSOLIDIFIED WASTE 



advantages a re  great thicknesses of ice ,  remoteness from man's a c t i v i t i e s ,  and 

low likelihood for  future development. The ice could provide effect ive 

d i rec t  cooling fo r  the waste and, a t  the same time, maintain isolat ion from 

man's environment. 

Three potential disposal concepts a re  being evaluated f a r  the i ce  sheet 

areas such as Antarctica or Greenland. 

(1) Me1 tdown or  Free Flow--the waste canis ter  would be placed i n  an 

individual shallow dr i l led  hole in the ice  and allowed t o  me1 t down 

through the ice sheet t o  bedrock. 

(2) Anchored Emplacement--the waste canis ter  would be placed in an 

indivi'dual shallow d r i l l ed  'hole in the ice  b u t  connected t o  surface 

anchors by cables or chains, which stop i t s  descent and maintain i t s  , 

pos7ti-on ('500 -to 'l"500 fee t  below the ice  surface) fo r  up t o  about 100 

years. 

(3) Surface Storage/Disposal --the waste canis ter  would be placed in a 

temporary hot cel l  type of storage f a c i l i t y  w i t h  jack-up piers on the 

ice .  sheet surface. After about 50 years,  the f ac i l  i t y  would be . 

allowed t o  become covered by accumulating snow and would be eventual 1y 
. . 

buried i n  the ice  sheet fo r  f inal  disposal. 

A schematic description of the ice sheet concept i s  shown i n  Figure 16. 

I t  consists of transporting previously so l id i f ied  and canned b u l k  waste in 

protective casks from the reprocessing plant to  special embarkation ports.  

T h e  waste would then be transported in protective casks by ships to  the edge 

of the ice  sheet when the waste canis ters  and casks would be off loaded t o  a 

debarkation f a c i l l t y  near the edge of the continent. Surface vehicles would 

provide over-ice transport  t o  the disposal s i t e .  



' . FIGURE 1 6 -  . C O N C E P T  FOR I C E  S i i E E T  DI.SPOSAL 3F S O L I D I F I E D  WASTE 



The implementation of a31 ice sheet disposal concepts could be done with 

today's technology, b u t  a number of years would be required fo r  deve1,opment to  

prove out the safety of any concept. The disposal system aspects of container- 

izat ion,  transportation, and emplacement could a l l  be accomplished by modification 

of technology. Final sealing of the waste could be performed by natural refreezing 

of the water around the waste in a l l  concepts. 

Disposal of radioactive waste in ice  sheets i s  considered t o  have an 

uncertain potential for  isolat ing waste from man's environment, depending 

largely on long-term ice s t a b i l i t y .  

Extraterrestr ia l  Disposal Concepts 

Disposal of radioactive waste by removin; i t  from the earth with rockets 

i s  another dispbsal concept being eval uated. i1f a s tab le  non-earth in t e rce j t  

t ra jectory or o r b i t  can be guaranteed, ex t ra te r res t r i  a! disposal of fers  a 

method fo r  the complete removal of long-lived nuclear waste constituents 

from the earth.  The primary unfavorable features a re  tha t  the concept deals 

with only part  of the waste, there a re  possible launch safety problems, 

re t r ievabi l i ty  and monitoring are  d i f f i c u l t ,  and there i s  poss ib i l i ty  f o r  

international disagreement. 

Extraterrss tr ia l  disposal of the to ta l  waste constituents' and of only 
. . . ... . 

the actin'ides are  both considered. However, primarily because of the high 

space transport  cost  per unit of weight, space disposal of jus t  the actinides 

i s  believed to  be the most practical scheme. The remaining waste would have 

t o  be disposed of by some other means. 

The launch deployment sequence using a shut t le  and a t u g  i s  shown in  

Figure 17. Typically, the shut t le  would be launched into a low c i r cu la r  earth 

orb i t .  From t b i s  o rb i t ,  the tugs or upper s tage(s )  would be launched t o  carry 

the waste package t o  i t s  f inal destination. 
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The implementation of space disposal of act inide waste cou'ici be acheived 

with current technology, b u t  the safety of the concept cannot yet be established. 

This technology i s  considered to  include the space shut t le  (with separately 

retrievable and reusable l i f t - o f f - a s s i s t  rockets) and the space t u g ,  which are 

advanced vehicles b u t  which will use exis t ing engineering technology. 

Extraterrestr ia l  disposal has the potential fo r  permanent removal of 

radioactive waste constituents from the ear th,  depending largely on incentives 

and improved knowledge of deep space t rave l .  

Transmutation Concepts 

Another possible approach t o  the management of radioactive waste i s  the 

use of nuclear processes themselves to  change (transmute) the hazardous 

long-lived radioactive waste constituents into short-lived radioactive waste 

or nonradioactive isotopes. Transmutation i s  generally defined as any process 

whereby a nuclide absorbs or emjts- r a d i a t ? ~  and i s  thereby transformed into 

another nuclide. Ideally transmutation of radioactive constituents i n  waste 

to  shorter-lived or  nonradioactive isotopes could completely eliminate the 

noxious isotope5. I t  i s  theoret ical ly  possible through use of nuclear processes 

themselves t o  hchieve the transmutation. 

To establish the re la t ive  merits and specif ic  technical f e a s i b i l i t y  of the 

transmutation qproaches,  special c r i t e r i a  were developed and applied which a re  

unique to  tranzriutation. These include: overall waste balance, specif ic  

transmutation r a t e ,  and total  transmutation ra te .  

The r e s ~ ?  t s  of the evaluation for  the vsrious transmutation al ternat ives  

are summarized in Table 3.  The accelerator devices fa i led  t o  meet the c r i t e r i a  

fo r  transmutation f o r  essent ia l ly  a l l  categories of radioactive waste. The 

.only possible sxception i s  the use of a spal la t ion neutron source for  transmutation 

of long-lived f i ss ion  products. Likewise, use of neutrons from a thermonuclear 



TABLE 3.  Surl,nlai..y -.- I , . d ~ ~ , ~ ~ ~ u t a t f  .. .- -.-.. ~ i i  k v i '  CE F z & ~  SS l i t~ 

Device 

Technically Feasible f o r  Transmutation 

Fission Products Actinides 
- 

Category 3* Category 2* Category I* Category 1 

Accelerators 

@ El ectron Accelerator No Flo N o N o 

@ Proton Accelerator No No No No 

@ Spa1 1 a t ion Accelerator No Pl o Possibly No 

Thermonucl e a r  Expl os i  ves N o N o No N o 

Fission Reactors No No No Yes 

Fusion Reactors N o Possibly Yes Yes 

*Category 1 : Storage required f o r  >I000 years  

Category 2: Storage required f o r  100-1.000 years  

Category 3:  Storage required f o r  <I00 years  



explosion does not appear technical ly  feas ib le .  The Use of f i s s i on  and ftision 

reactors 'met t he  se lect ion c r i t e r i a  f o r  transmutation of ac t in ides .  Fusion 

reactors  a l so  may transmute se lected f i s s i on  products. 

The transmutation concept of continual recyc le -of  act in idei  i n  f i s s i on  

reactors  appears t o  be pa r t i cu l a r l y  a t t r a c t i v e .  Calculations by Cl a i  borne (16) 

a t  Oak Ridge National ~ a b o r a t o r ~ ; '  by Kubo ( I 7 )  and Kubo and Rose ( I8 )  a t  the  

Massachusetts I n s t i t u t e  of Technology, and a t  ~ a t t e l  le-Northwest ind ica te  

t ha t  s i gn i f i c an t  reductions a r e  possible i n  the  cumulative t o x i c i t y  index* of 

act in ides .  The ca lcu la t ions  indicate  t h a t  using ex i s t ing  separations 

e f f i c i enc i e s  w i t h  recycl i n $  of ac t in ides  i n  1 igh t  water power reac tors  could 

achieve an order of magnitude decrease i n  the  short-term ac t in ide  t o x i c i t y  indices 

and about a f a r t u r  of f i f t y  decrease in the  lcng-term t o x i c i t y  index. These 

reduction factzr's niay be s i gn i f i c an t l y  improved by achieving higher sepii;-2tions 

e f f i c i enc i e s ,  be t t e r  optimization of the  reac tor  i r r a d i a t i o n ,  o r  by recyc! i  ng 

i n  LMFBRs, 
The PNL s tud ies  of the  neutron-induced transmutation of a c t i n ide s  and 

..... . f i s s i on  products in the  blankets of hypothetical Controlled Thermonuclear 

Fusjon Reactors (CTRs) (") have demonstrated t h a t  reductions of cumulative 

tox ic i ty  index of ac t in ides  by a f ac to r  of 10 o r  more below t h a t  achievable in  
. . 

f i s s i on  reactors  could be obtained in the high neutron f l ux  l eve l s  proposed 

fo r  CTRs. These s tud ies  have a l so  shown t h a t  l a rge  reductions i n  t he  respective 

t ox i c i t y  indices  a r e  possible fo r  some f i s s ion  product elements. For o thers ,  

notably strontium and cesium, the  degree of t ox i c i t y  reduction i s  minimal, but 

the  calculated *,~alues a r e  uncertain by a f ac to r  of about two because of 

1 uncertainty i n  nuclear reaction data f o r  these elements. All considerat icns  of 

radionucl ide transmutation in CTRs, of coursc, presuppose the  successful 
1 

"Toxicity index i s  d e f i n e d a s  the  amount of a i r  or  water required t o  d i l u t e  the  
present amount cf a given isotope t o  l eve l s  defined in the Code of Federal 
Regulations (10 C F R  - Part  20) .  



accomplishment of controlled thermonuclear fusion. 

Since i t  i s  technically feasible  to  transmute act inides in f i ss ion  .,'' - 
reactors and' CTRs and cer tain f iss ion products in CTRs, these two reactor', .  

technologies combine to  form a potential ly  viable long-term (year 2000 

or 2010), the actinides separated from the r e s t  of the waste would continue t o  

be recycled in f i ss ion  reactors with the f iss ion products stored in a retrievable 

f a c i l i t y .  In the long-term, with the advent of CTRs, the f i ss ion  products 

would be retrieved from storage and recycled along with the actinides in the 

CTR. In e i the r  s t rategy,  some of the f i ss ion  products and whatever "heel" of 

untransmuted waste a t  the end of t h i s  era must be disposed of by other means. 

Summary of Advanced High-Level Waste Studies - The overall objective of t h i s  

study i s  t o  prepare a comprehensive .overview rcompendi um of information pertPnent 

t o  the various p o t e ~ t i a l  waste disposal tecllniques. The disposal concepts are 

being studied on a systematic, generic basis and are  developed only t o  the 
. . -  

extent necessary t o  perform the overall evaluations. 

In i t i a l  evaluations of technical (or  theoretical ) feasi  bil i t y  f o r  these 
. - ... . . 

advanced waste"management concepts show t h a t ,  in the broad category, ( i  . e . ,  

geologic, seabed, ice  sheet,  e x t r a t e r r e s t r i a l ,  and transmutation) a1 1 meet the 

c r i t e r i a  f o r  judging feasi  bi 1 i  t y ,  though certain a1 ternat ives  within these 

categories do not (i .e. , use of accelerators fo r  transmutation). 

Preliminary cost estimates have a lso  been developed f o r  a l l  the principal 

waste management a1 te rna t i  ves being eval uated. The r e su l t s  show t h a t ,  

although many millions of dol lars  may be required, the cost fo r  even the most 
exotic concepts are small re la t ive  t o  the total  cost of e l e c t r i c  power 

generation. For example, the cost estimates f o r  the disposal on ear th 

concepts a re  l s s s  than 1% of total  generaticg costs.  The cost f o r  act inide 

transmutation i s  estimated a t  around 1% of generation cos ts ,  while act inide 

element disposal i n  space i s  less  than 5% c i  generating costs .  





Thus neither technical f eas ib i l i t y  nor cost seems to  be no-go factors  in 

selecting a waste management system. The seabed, ice  sheet ,  and space 

disposal concepts face legal constraints ( i  .e . ,  international pol i c i e s ) .  The 

information being developed in safety,  environmental concern, and public 

response will be important factors  in determining which concepts appear most 

promising for  fur ther  devel oprnent . 
CONTRIBUTIONS THE SCIENTIFIC COMMUNITY CAI4 PUKE 

Assessment of waste disposa(1 al ternat ives  and selection of the most 

effect ive means of long-term management of high-level wastes requires a 

quantitative determination of a l l  the evaluation factors  outlined above. A 

quantitative assessment requires the. best thi  nki ng and method01 ogy tha t  .4 

science and engineering can bear on t h i s  subject. To i l l u s t r a t e ,  we would :, 

-1,i.ke .>tc us.e . the  ,safety ,rnethodol-ogy .as -0ut1.i-ned .;in -Fi-gure ,13 .'. 
The box shown as acceptable r i sk  precludes determining what the publ ic 's  

response i s  in relat ion to  waste disposal options. This means tha t  the social. 

s c i en t i s t  must work in concert with the physical s c i e n t i s t  t o  bring the 

message of the physical s c i en t i s t  to  the public in terms of language tha t  

our society can understand and t o  properly e j~a lua te  the l a i t i e s  response. 

If  t h i s  response i s  negative, then e i the r  the concept must be moditied t o  

bring i t  into l i n e  with the public 's  views or  the concept must be rejected 

since i t  i s  an unacceptable method to  the public. The social s c i e n t i s t  i s  

responsible for  providing the tools which can be used to  accurately assess the 

concensus view of the public and not merely the view of a vocal minority oi* 

an uninformed pub1 i c .  

The csnseqzences of a release of radioact ivi ty  involves many face ts  

which the sc i en t i f i c  community can contribute t o  improving the present 

knowledge and understanding of.  The dose t~ man involves the interpretat ion 



s f  t h e  !xz! th e f fec t s  sf j s n j z i n ~  r a d i a t j 9 n  t o  m2n. The phys-ica! ches-ist.; the 

biophysicist, and the health physicist can make important contributions t o  the 
I present understanding of the impact of various radiation sources on man's 

health. In disposal of radioactive waste, a spectrum of ionizing radiation 

sources ex i s t ,  ranging from isotopes in the actinide element ser ies  t o  the 

species of f i ss ion  products. I t  i s  important, tha t  the mechanisms of 

transport ,  pathways to  the environment and man, and the impact on man's health 

be thoroughly understood t o  assure public health and safety.  

The nuclear physicis t ,  reactor physicist ,  and physical chemist can 

contribute to  improving the understanding of knowledge of the radiation 

character is t ics  of nuclear waste. The nuclear physicist  i s  called upon to  

provide the best estimate of the nuclear data,. He must provide the nuclear ; 

chemist the data needed to  determine whether chemical and/or physical forms 

of high-level wsste can be maintained for  long periods of time. The reactor 

physicist ,working in conjunction with the nuclear physicist  ,must provide the 

best estimates of the volumes and character is t ics  of wastes produced in 

generating e lec t r ica l  power with nuclear reactors. 

Depending upon the concept, experts i n  the physical and. engineering 

. . sciences must contribute t o  improving the knowledge of previously outlined 

concepts, the charac ter j s t ics  of the s; t e ( s )  which the concept emcornpasses, 

and the known and potential modes of f a i lu re  of such systems. As examples, 

the geophysicist m u s t  provide the most accurate information of geologic 

disposal s i t e s ,  be they formations on land, f n  the seabed or  in ice  sheets.  

Moreover, the geophysicist wi 11 be required to  provide accurate predictions 
./I 

of the behavior of these potential t e r r e s t r i a l  disposal formations f o r  

I\ thousands of centuries into the future.  By the same token, the .physicist 

working on ex.Lt.d-terrestrial deployment of itehicles m~lst.provide the best 



est imates o f  t he  time-dependent behavior of veh i c les  c a r r y i n g  h igh - leve l  waste 

i n t o  space. 

A l l  o f  science and engineer ing can c o n t r i b u t e  by o f f e r i n g  ideas o r  methods 

7 f o r  managing h igh - leve l  waste. Centra l  t o  assessment o f  these ideas i s  

determin ing t h e  advantages and disadvantages o f  proposed concepts. The f a u l t  

t r e e  (o r  f a i l u r e  mode) ana lys i s  i s  an impor tan t  p a r t  o f  de termin ing  t h e  

p o t e n t i  a1 advantages and d i  sadvantages . Thi  s  segment o f  t h e  ana lys i s '  r equ i res  

the  i n p u t  o f  a l l  k i nds  of experts, .  i n  science and technology, t o  make an o v e r a l l  

adequate assessn~ent. 

The management o f  h igh - leve l  r a d i o a c t i v e  waste produced by the  nuc lea r  

power i n d u s t r y  i s  a  problem which i s  amenable .to s o l u t i o n .  To assure ach iev ing .  

t he  optima1 so l  u t i  on, t h e  science and engi nee r i  ng community must: 1  ) beccine 

,aware . o f  t he  .pro.b.lem, -2 )  .become .in,vo.l ved i n  .devel opjng .and .eva lua t i ng  conceptual 
. . 

schemes f o r  disposal , and 3)  a s s i s t  i n  c a r r y i n g  on d ia logue w i t h  t h e  pubi'c a t  

large.. 
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