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INTRODUCTION 
. - .  

_- -. 
I n  response t o  your charge f o r  t h e  development of a p l a n  concerning : - .  

t h e  haza rds .o f  plutonium t h a t  would i n s u r e  t h a t  DBER i s  more respons ive  t o  

t h e  needs ,o f  RDT, t h i s  C o i n i t t e e  has had two meetings (March 2 and March 13) 

wi th  s t a f f  of RDT and has  attempted, i n  t h e  s h o r t  t i m e  a v a i l a b l e ,  t o  determine 

the major biomedical and environmental problems fac ing  RDT i n  t h e  deve lopmnt  . 

. .  . .  .. . 
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3nd implementation of  t h e i r  f a s t  breeder r e a c t o r  program. 

attempted t o  review broadly t h e  information t h a t  i s  a l r eady  a v a i l a b l e  cn 

plutonium as t o  i t s  d i s t r i b u t i o n  i n  the  biosphere,  i t s  t r anspor t  through 

t h e  environment from source t o  loan, and i t s  t o x i c i t y  on experimental  a n i m l s .  

As a consequence of t h i s  review the  Committee has t r i e d  t o  i d e n t i f y  areas 

in which new or increased  research  e f f o r t  should be emphasized. 

It has  also 

e 

- -  

. In  view of t h e  conplex and d i v e r s i f i e d  n a t u r e  of t he  r e sea rch  e f f o r t  

t h a t  i s  aimed a t  r e so lv ing  problems r e l a t e d  t o  the  biomedical and environmental 

effects . of plutonium and o t h e r  important transuranium rad ionuc l ides ,  '. a more 

concent ra ted  in-depth rekiew o€ s p e c i f i c  problem areas must be conducted. 

In th i s  way t h e  Division can develop a program e f f o r t  t h a t  i s  s t rong ,  

balanced, and a t  t h e  same t i m e ,  responsive t o  t h e  needs of RDT. 

this, a p l a n  has  been developed which, i n  our  opinion, w i l l  a l low mre 

effective u s e  of  DBER s t a f f  i n  such a program eva lua t ion  and planning exercise. 

It w i l l  a l l ow the s t a f f  e f f o r t s  t o  be-concent ra ted  on s p e c i f i c  problem areas 

To accomplish 

and thus  make more e f f i c i e n t  use  of t h e i r  t i m e  and r e sea rch  backgrounds. 

This p l a n  is presented  below f o r  your cons ide ra t lon  and as a b a s i s  for .  

, .further d i s c u s s i o n  wi th  you. - .  . .. 
I .-, 

- .  . -  
_ .  
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hZEDS AS DEFZSED-BY RDT 

Criteria for-the release of Pu and other transuranics have and will 

continue to strongly influence the timing and cost of developing advanced 

power reactors and their supporting facilities. Even though Pu*~' is a very 

valuable material, control procedures developed against its value as a fuel, 

or for safeguard purposes, would permit release of quantities to the 

environment that are unacceptable from the standpoint of hunan health. 

Thus, systems for control and containment of Pu and other transuranics are 

established in response to bioenvironmental criteria. 

The principal requirements RDT has for bioenvironmental infornation arise - 

'*from their need to engineer against the release of quantities of plutonium 

which are environmentally not acceptable. 

(1) RDT's most pressing need is for assurance that currentl PPC's are 

defensible. 

criteria for engineering design of containment systems may be 

f successfully attacked. The need to undertake design changes 2nd 

retrofitting in connection with the upcoming LILFBR demonstration 

plant would be exceedingly expensive and could substantially delay 

TXFBR development, - .  

A longer range need is the requirement that MpC's not be unduly 

They are fearful that the use of current MPC's as 
.. 

. -  

(2) 
. -  - -  . 

conservative. 

(3) Important, but of less urgency, is the need for information on the 

dispersal, environmental transport and health consequences .of I 

- , '  

. --.. 
. -  

environmental plutonium at concentrations substantially below MpC's. 

108051b 
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The developrent of a plan which vi11 eva lua te  how-our -current e f f o r t s  

and f u t u r e ' r e s e a r c h  needs on the environmental and h e a l t h  e f f e c t s  of-plutDniun 

r e l a t e  t o  these  RDT requirements i s  e s s e n t i a l  and i s  proposed i n  t h i s  r e p o r t .  

. ANALYSIS AND EV.\L$ATIOY 

Current IPC's a r e  not  based on e x p l i c i t  es t imates  of r i s k s .  Pas t  

experience demonstrates t h a t  when MpC's a r e  challenged i t  i s  by making 

( u n r e a l i s t i c a l l y )  high es t imates  of h e a l t h  consequences which might a r i s e  

fzon r e l e a s e s  a t  IQC. A cogent way to demonstrate the  relevance of our c u r r e n t  

end f u t u r e  r e sea rch  i s  t o  i d e n t i f y  how i t  provides  information requi red  f o r  

r e a l i s t i c  and .de fens ib l e  r i s k  est imates .  

BIOMEDICAL EFFECTS 

Shor t ly  a f t e r  the discovery of plutonium, i t  was recognized t o  be a 

W p o t e n t i s l l y  hazardous substance from a b io log ica l  s tandpoint .  Tne use of 

l a r g e  q u a n t i t i e s  of plutonium i n  the  weapons program of the  -. Manhattan D i s t r i c t  

-de i t  e s s e n t i a l  t h a t  experimental animal s tud ie s  be i n i t i a t e d  t o  de t e rn ine  

i t s  b i o l o g i c a l  e f f e c t s .  Because o f  the s i m i l a r i t i e s  of plutonium t o  radium, 

i t  was assumed t h a t  es t imates  of t he  b i o l o g i c a l  e f f e c t s  of plutonium i n  

man could be made i f  i t s  e f f e c t s  i n  experimental  animals were hown. 

assumption seemed reasonable i n  view of t he  f a c t  t h a t  t h e  b io log ica l  e f f e c t s  

, 

This 

, . 
- .  

. o f  rad ium were known f o r  experimental animals and considerable  information 

was  becoming a v a i l a b l e  of the e f f e c t s  of radium i n  man. .However, because of 

the d i f f e r e n c e  subsequently discovered i n  t h e  p a t t e r n  of depos i t ion  of 

plutonium in  the  bone as compared t o  t h a t  of radium, t h i s  simple approach 

._ t o  es t imat ing  the p o t e n t i a l  hazards t o  man has been r e j ec t ed .  

108g-S f 1 
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d Although work on rodents  was c a r r i e d  o u t  i n  the  l a t e  f o r t i e s ,  

experimental work on t h e  bezgle dog w a s  i n i t i a t e d  a t  t h e  Univers i ty  of  Utah by 

DBM i n  1952-to ob ta in  da t a  needed f o r  eva lua t ion  of t he  b i o l o g i c a l  e f f e c t s  

of plutonium, r ad iun  and o the r  transuranium e l e n m t s .  

- 

Subsequently, considerable  e - q e r i m n t a l  work has been supported by 

DBX (DBER) i n  t h i s  country and by Atomic Energy Agencies of o the r  c o u n t r i e s  

(e.g., England, Russia,  Canada, and Japan) , Kuch. important information h a s  

been obtzined concerning the netabolism, t r ans loca t ion ,  depos i t i on  and 

t o x i c i t y  of plutonium and r e l a t e d  rad ionucl ides  as a r e s u l t  of these  s t u d i e s .  

The rad ionucl ides  have been administered t o  a v a r i e t y  of expe r inen ta l  ani ikls  

i n j e c t i o n ,  i nges t ion ,  i n t r a t r a c h e a l  i n tuba t ion ,  e t c . ) .  

experircents have c l e a r l y  es tab l i shed  t h a t  t he  chemical and phys ica l  f o r n  of 

plutonium as w e l l  as i t s  p o r t  of e n t r y  i n t o  the  body i s  important w i t h  respect 

The r e s u l t s  of t h e s e  

u 

t o  i t s  f a t e  and t h e  b i o l o g i c a l  e f f e c t s  t h a t  i t  produces. I n  f a c t ,  i t  i s  apparent  

It t h a t  i s o t o p i c  e f f e c t s  (pu238 vs, ~ u 2 3 9 )  exist  t o  confuse the i s sue .  

. has become r e l a t i v e l y  c l e a r  t h a t  t he  z o s t  probable sgurce of exposure of 

importance t o  hazard eva lua t ion  i n  man i s  by inha la t ion .  Fxposure through 

the skin as a r e s u l t  of i n j u r y  such as c u t s  o r  puncture wounds or  b y - i n g e s t i o n  - _  

and absorp t ion  through t h e  g a s t r o i n t e s t i n a l  epi thel ium are less _ _  

. r o u t e s  of entry f o r  plutonium. 

important  
- - - - 

The first l a r g e  scale experiszents t h a t  w e r e  i n i t i a t e d  w i t h  the dog t o  
I_ 

evaluate the b i o l o g i c a l  e f f e c t s  of plutonium are now completed, In one of 
a .  .. - 

-_ 

. 

these experiments ( U t a h )  i t  has been found that  a t  t he  lowest level of 

plutonium ci t ra te  exposure ( intravenous i n j e c t i o n )  a p p r o x i m t e l y  35 percen t  
- 

- 
- 

u 
- 

- - 
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of t h e  animals d ied  with os tcosarcom although, a t  t h i s  exposure l e v e l ,  

. t he  average l i f e  span of the dogs was not  s i g n i f i c a n t l y  d i f f e r e n t  from the  

con t ro l s .  In  t h e  o the r  experiment ( B a t t e l l e  Northwest) i n  which plutonium 

oxide was administered by inha la t ion ,  i t  has been found t h a t  20 of 2 1  exposed 

dogs t h a t  have l i ved  longer than 1600 days have died of lung tumors. Because 

of these r e s u l t s ,  both experiments have been extended and lower l e v e l s  of  

plutonium exposures a r e  now being u t i l i z e d .  Data from these exper inents  

W i l l  not  becoue a v a i l a b l e  f o r  s eve ra l  years  due t o  t he  long l i f e - span  of 

- 

u 

. t h e  dog. 

Although information has been obtained with smaller  experimental  animals . .  

(rats, r a b b i t s  and mice), the d i f f e r e n t  experimental techniques used have'  

made i t  r e l a t i v e l y  d i f f i c u l t  f o r  comparison of e f f e c t s .  I n  add i t ion ,  t he  

m o u n t  of information t h a t  i s  ava i l ab le  i s  no t  t h a t  extensive.  

. 

It would 
W 

seem t h a t  one of t h e  more obvious weaknesses with our  e a r l y  experimental  

approach t o  t h i s  p a r t i c u l a r  problem i s ' t h a t  t oo  l i t t l e  emThasis, f o r  whatever 

reason,  was placed on the  use of smaller, s h o r t  l i f e - span  experimental  animals 

to obta in  r e s u l t s  f o r  meaningful comparison with the  dog, poss ib l e  gene ra l i za t ion  

of b io log ica l  response and p o t e n t i a l  ex t r apo la t ion  t o  ran.  This de f i c i ency  

i n  our  program, i f  real ,  should be recognized and incorporated i n  our  

f u t u r e  program plans. . - .  

- - -  Another def ic iency  e x i s t s  i n  our program t o  determine t h e  late effects 

of plu toniun  i n  l i v i n g  organisms. To da t e  a l l ,  o r  nea r ly  a l l ,  experimental  

s t u d i e s  relate t o  e f f e c t s  produced as a r e s u l t  of acu te  exposure (acc ident -  

related episodes) as compared t o  chronic  exposure t o  l o w  l e v e l s  of plutonium 

- _- - _W f - 

- 



(occupational o r  i nd iv idua l  exposure experience) .  

designed t o  determine t h e  l a t e  e f f e c t s  produced by such exposures should be 

an important part of our  research program and necessary f o r  adequate 

eva lua t ion  of the  p o t e n t i a l  hazards of plutonium t o  man. 

It seems t h a t  experiments 

To be m r e  responsive to RDT o r  o the r  AEC groups, i t  i s  important  t h a t  

oyr f u t u r e  r e sea rch  e f f o r t s  i n  t h i s  a r e a  be d i r e c t e d  a t  ob ta in ing  informat ion  

on t he  b i o l o g i c a l  e f f e c t s  of se l ec t ed ,  bu t  r e l e v a n t ,  transuranium elements 

or mixtures of such elements a s  opposed to c o l l e c t i n g  d a t a  on any o r  a l l  such 

elements because of t h e i r  i n t r i n s i c  s c i e n t i f i c  i n t e r e s t .  I do n o t  want t o  

convey the idea  t h a t  information of i n t e r e s t  from a s c i e n t i f i c  s t andpo in t ,  

other than a p p l i c a t i o n  to  RDT needs, should no t  be pursued. 

information is needed' f o r  fu tu re  r e a c t o r  planning and development, a 

'reasonable share  of cur  cu r ren t  budget i n  t h i s  research  a r e a  should be 

u t i l i z e d  for this purpose. 

econoadcally and on a s c i e n t i f i c a l l y  sound basis,, c u r r e n t  and f u t u r e  experimental  

programs must be planned ca re fu l ly  to  i n s u r e  t h a t  t he  d a t a  obtained w i l l  be 

meaningful and d i r e c t l y  appl icable  to  p o t e n t i a l  exposure condi t ions  t h a t  

are an t i c ipa t ed ,  

If,  however, 

W 
_ _  - 

To accomplish t h i s  ob jec t ive  e f f e c t i v e l y ,  - - 

. , f  

- 
i 

- .  
One of the least Imown phases of t h e  plutonium p i c t u r e  i s  its 

- 
. .. -- - \ - . .  -_ - -- __ -. - - . __ 

in-&e environ&nt,  i,.e.-, once d ispersed ,  how does p 1 u t o G - k  

return to man? A first look i n d i c a t e s  t h a t  t h e  most important pathway is 

through the air, w i t € ~  the threat to  man diminishing once the  Pu is depos i ted  
_ -  

* 

on land or in water. 
. .  

However, t he  pathways t o  man are n o t  y e t  w e l l  defined. 



u -  
-. - It is l i k e l y  i n  the  long t e r m  t h a t  t hese  pathways w i l l  become more and -. 

more important i n  exposure of  t he  world 's  population. 

,(1) Atmospheric 

I n  the  s h o r t  term, the  p r inc ipa l  t r anspdr t  of Pu in the  v i c i n i t y  of 

8 source i s  through the a i r .  It i s  the primary rou te  of exposure i n  both 

t h e  accident and the  non-accident cases .  

(2) T e r r e s t r i a l  

The major long term concern t o  man appears t o  be Pu deposi ted on dry  

Airborne Pu i s  concentrated a t  the  a i r  - land i n t e r f a c e ,  where f o r  land. 

many years t h e r e a f t e r  i t  i s  subjec t  t o  resuspension. 

including man, w i l l  be  repeatedly exposed t o  Pu through i n h a l a t i o n  whenever 

t h e  winds a r e  s u f f i c i e n t l y  s t rong t o  cause resuspension. 

Terrestrial animals,  

Of second order  concern a r e  depos i t ion  on p l a n t  ma te r i a l ,  fol iar  

absorpt ion and roo t  uptake a s  e n t r i e s . i n t o  t h e  food chains  of man. Low 

absorpt ion of Pu a c r o s s - t h e  0. . gu t  wal l  has  been demonstrated f o r  inorganic  

compounds but  chelated Pu i s  more e a s i l y  absorbed. More knowledge about 

the gu t  absorpt ion of b io log ica l ly  che la ted  Pu i s  needed. Since most of 

our knowledge der ives  from Pu a t  NTS, Eniwetok, o r  Rocky F l a t s ,  w e  know 

l i t t l e  of the t r anspor t  through foods tuf fs  grown on so i l  rich i n  humus. . 

(3) Aquatic ' .._. .. 

Drinking water appears to be a n  i n s i g n i f i c a n t  rou te  of e n t r y  of Pu, 

. Hunicipal water t reatment  w i l l  probably remove most Pu, and t h e  low rate 

- of absorp t ion  is a f u r t h e r  safeguard. 



. -  

The small f r a c t i o n  of our foods tuf fs  from lakes  and-=rivers also - 

is r eas su r ing ,  

but t h i s  w i l l  be r evea led  i n  work recommended under "Te r re s t r i a l . "  

The use  of this water f o r  i r r i g a t i o n  may present  a problem, 

B. Marine 

The ocean p r e s e n t s  a spec ia l  problem because of i t s  i n t e r n a t i o n a l  

a s p e c t s  and e x i s t i n g  l e g i s l a t i o n  a g a i n s t  dumping. In the  long term, the  

p r e s e n t  ban nay be unwise, .The deep ocean may w e l l  prove t o  be the  proper  

depos i t i on  s i t e  f o r  waste  Pu. 

Seven ( 7 )  m e t r i c  tons of Pu239 a r e  a l ready  i n  the ocean, o r  soon will 

be, from world f a l l o u t .  Most is r a p i d l y  removed t o  deeper water,  presumably 

away from map. However, the widely p u b l i c i z e d . a b i l i t y  of marine organisms 

to  concen t r a t e  Ra w i l l  work aga ins t  any e f f o r t s  t o  use the  ocean as a s i n k  

for Pu. 

RECOXPIENDATTONS 

& orher for the Mvis ion  t o  determine the  f u t u r e  cou;se of a c t i o n  t h a t  

ft should adopt t o  be more responsive to'RDT, i t  i s  recommended t h a t  t h e  

following task f o r c e s  be appointed t o  consider  the  s t a t u s  of our c u r r e n t  
i 

program e f f o r t s  and t o  recommend f u t u r e  research  d i r e c t i o n s  i n  t h e  proposed 

areas of concern if t h e  s i t u a t i o n  warrants  f t :  

TASK FORCE 1 -%~e o b j e c t i v e s  of this group a r e  t o  develop q u a n t i t a t i v e  es t imates  

at MPC levels of heslth consequences a r i s i n g  from r e l e a s e s  of Pu and other 

- -  

. 

transuranics of p r i o r i t y  i n t e r e s t  t o  RDT. 

The act ivi tp wL'11 r equ i r e  p red ic t ion  of population exposures arising 

f r o m  r e a l i s t i c  release- s i t u a t i o n s  ( acc iden ta l  Pu-U a e r o s a l  telezse, chronic 

ground, a i r  a i d  wa te r  contamination from continuous opera t ing  r e l e a s e s  from 
-. 

- 
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LMFBR and reprocessing plants) as well as prediction of health effects 

arising from these exposures. 

These analyses will draw upon existing compilations (BEIR, UNSCEAR, 

NSIC, etc.), related analytical activities as results are available 

(TTG, NCRP, etc.), and continuing contact with designated RDT staff. 

STAFF - Drs. Grahn, Cooper, Watters, Stapleton, Goldman 

TASK FORCE 2 - The objectives of this group will be to summarize and to 
evaluate the major important information that is currently available on the 

biological effects of plutonium and related radionuclides and to recommend 

new experimental research efforts that might be needed to be responsive to 

RMI needs on a scientifically sound and timely basis and epidemiology. 

- STAFF - Drs. Goldman, Wachholz, Stapleton, arks, Wood 

TASK FOXCE 3 - The objectives of this group will be to evaluate the current 
status, rationale and. need for comparative radiobiological studies on 

different species of experimental animals. 

of experiments using dogs, it seems reasonable to assume that similar 

experiments on animals w i t h  shorter life spans may permit reasonable and 

m r e  timely estimation of potential hazards to man. Possible methods for 

resolution o€ apparent species differences must be considered by this 

group. 

radiation (regardless of source) should be considered by this group. 

In view of the long term nature 

Comparative biological responses of experimental animals to 

- STAFF - Drs. Schulman, Persing, S t i l l ,  Brooks 
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TASK FORCE 4 - The objec t ives  of - th i s -  group a r e  t o  consider the 

f e a s i b i l i t y  of us ing  simple i n  vivo o r  i n  v i t r o  experimental systems 

and/or techniques (molecular, c e l l u l a r  and cytogenetic) f o r  quick, 

r e l i a b l e  and economical assessment of the  b io logica l  consequences of 

plutonium and r e l a t e d  radionuclides.  

SUBGROUP A - MOLECULAR AND BIOCHEMICAL TECHNIQUES 

- STAFF - Drs. Minthorn, Duda, Shepherd, Kornfeld 

SUBGROUP B - CmLULAR AND CYTOGENETIC TECHNIQUES 

STAFF - Drs. Bender, Shepherd, Matney, Harvey 

TASK FORCE 5 - The objec t ives  of t h i s  group a re  to  consider the c u r r e n t  

s t a t u s  and need f o r  add i t iona l  work on techniques fo r  reducing the  body 

burden of i nd iv idua l s  who have been exposed t o  plutonium o r  r e l a t e d  r ad io -  

nucl ides .  

- STAFF - Drs. Weyzen, Marks, Duda, Minthorn 
. *-z 

TASK FORCE 6 - The objec t ives  of t h i s  group a r e  to  examine resuspension 

as a d e  of t r a n s f e r  of plutonium from the environment t o  man and animals, 

t o  a s s e s s  our current work i n  the  a rea ,  and de te rmine - i t s  adequacy. 

STAFF - Drs. Watters, Wachholz, S t i l l ,  Mr. Slade, Myers 

-. 
TASK FOaCE 7 - 'Ibis group should examine the importance of t r anspor t  of 

Pu through terrestrial food chains as a hazard t o  man o r  cons t i t uen t s  in 

the chain, At t en t ion  should be given t o  deposi t ion on p l a n t  material, 

1080524 - 
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f o l i a r  uptake and root  uptake, p a r t i c u l a r l y  from r i c h  humic soils, 

from which most foodstuffs  are derived. 

- STAFF - Drs. Franklin,  Fraley,  Rabson, ,Brooks 

TASK FORCE 8 - This group should examine the  aquat ic  food chains,  

p a r t i c u l a r l y  marine, t o  assess  the ex ten t  of t h e  r e tu rn  of Pu t o  man 

from the ocean. 

r o l e  of the Eniwetok Marine Biological Laboratory i n  fu tu re  s tud ies .  

Special  a t t e n t i o n  should be given to  the  prospective 

- STAFF - Drs. Fors t e r ,  Saunders, Harvey, Rabson 

. -.. 

- 1 0 8 0 5 2 5  
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Plutonium Task Force Members 

MEETING DATES FOR PLUTONIUM TASK FORCES 

A spec ia l  meeting of the individual  plutonium t a sk  fo rce  groups 
w i l l  be held Friday,  March 23. 
l a rge ly  t o  organize and d i s t r i b u t e  background reading material. 
Scheduling of Fr iday ' s  meeting should be by the  Task Force 
leaders.  

The f i r s t  meeting wil l  be 

However, f u t u r e  meetings wi l l  have t o  be scheduled t o  conform 
w i t h  D r .  Harley's presence. 

Beginning Monday and Tuesday, March 26 and 27, and continuing 
every Monday and Tuesday u n t i l  f u r t h e r  no t ice ,  meetings will be 
as follows: 

Monday, 1 p.m. 
2 p.m. 
3 p.m. 
4 p.m. 

Tuesday, 9 a.m. 
10 a.m. 

I 1  11 a.m. 
12 noon 

t1 

11 

11 

I 1  

I1 

Task Force 1 
Task Force 2 
Task Force 3 
Task Force 4 
Task Force 5 
Task Force 6 
Task Force 7 
Task Force 8 

Travel should be  reduced t o  a minimum u n t i l  t he  work of the 
groups is completed. 

_- . 

- - w  

Charles Lo- Osterberg 1 
Assistant Director f o r  

Environmental Sciences 
Division of Biomedical and 

Environmental Research 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON, D.C. 20545 

March- 21, 1973 

D. 
M. 
M. 
M. 
M. 
W. 
R. 
R. 
W. 

Grahn 
Go ldman 
Schulman 
Min thorn 
Bender 
Weyzen s-a 
Watters 
Franklin 
For s ter 

SPECIFIC GUIDELINES FOR TASK FORCE OPERATION 

To e f f e c t i v e l y  coordinate  act ivi t ies  of  ou r  plutonium research  program 
evaluat ion,  a few guide l ines  have been set  up and should be followed 
by each Task Force. 
following l i s t  of gu ide l ines  should i n d i c a t e  what i s  expected o f  you 
and t o  whom you should go wi th  specific informztion requests .  

So t h a t  a l l  of you w i l l  be  equal ly  informed, the 

1. I n t e r a c t i o n  with RDT: 
was  apparent thac they welcomed informal i n t e r a c t i o n  wi th  DBER s t a f f  
on any matter  r e l a t e d  t o  this study. 
involved ir. our exerc ise ,  hovever, i t  i s  importsnt t h a t  costac: x i t h  
RM' s t a f f  be cont ro l led  i n  par t .  
o r  a person t o  be designated by him should be the poin t  of contac t  
between h i s  group and XDT s t a f f  for informal quest ion and snswer 
problems. 
t o  whom informal quest ions could be d i r ec t ed  are: 

I n  our discussions wi th  s t a f f  of RDT, i t  

IP view of the number of s t a f f  

Therefore ,  each Task Force Chairman 

The ind iv idua ls  i n  RDT with whom w e  have had contac t  and 

Mr. Wallace Kornack, Technical Ass i s t an t  t o  the Direc tor  
Mr. A. P. D'Zmura, Chief,  Environmental E f f e c t s  Branch 
Dr .  W i l l i a m  H. McVey 
Mr. Delbert  F. Bunch 

If any Task Force f e e l s  that  i t  needs information t h a t  i s  d e t a i l e d  
in na tu re  or w i l l  r e q u i r e  considerable  involvement of RDT s taff  (for 
example, d e t a i l e d  information on source terms with respect t o  chemical 
or physical  form, etc.), a reques t  s p e l l i n g  ou t  i n  d e t a i l  what is 
wanted should b e  forwarded t o  D r .  Barr who w i l l  prepare a formal memo 
t o  the  Direc tor ,  RIYT, f o r  Dr. Liverman's s igna ture .  
that th i s  a spec t  of  our  eva lua t ion  process be adhered t o  c lose ly .  

It i s  important 



W 

2. 
i n  plutonium research  are not  inundated wi th  r eques t s  f o r  infurmation 

In t e rac t ion  wi th  exberts- i n  t h e  f i e l d :  To in su re  t h a t  t he  expe r t s  

o r  a s s i s t ance ,  each Task Force Chairman should make h i s  group's needs 
known i n  wr i t i ng  t o  me.  
r eques ts  from a l l  groups and con tac t  t he  expert  i n  question. In t h i s  
way b e t t e r  communication and less confusion w i l l  occur. 

It w i l l  b e  my r e s p o n s i b i l i t y  t o  coordinate  the  

3. 
each Task Force w i l l  want t o  reques t  information from the Environmental 

Use of the  Oak Ridge Plutonium Data Bank: It i s  conceivable t h a t  

Information Center a t  Oak Ridge f o r  use i n  t h e i r  review and eva lua t ion  
a c t i v i t i e s .  I f  such information i s  required,  please make your needs 
knotm t o  m e  so t h a t  a s ing le ,  i n i t i a l  reques t  can be made t o  the  
Information Center a t  Oak Ridge, 
s p e c i f i c  reques ts  can be made through my o f f i c e  a l so .  

I f  add i t iona l  information i s  requi red ,  

Since Drs. Barr, Osterberg,  Harley and I w i l l  want t o  be involved i n  
the weekly information and planning meetings of each group, i t  would 
be appreciated i f  each Chairman would arrange the t i m e  t h a t  h i s  group 
meeting w i l l  be he ld  so t h a t  i t  does no t  c o n f l i c t  wi th  o the r  group 
meetings. This can b e s t  be done by working with D r .  Osterberg who 
w i l l  coordinate the  schedule f o r  t h e  Task Force meetings. 
Dr. Harley who w i l l  have to  make s p e c i a l  travel arrangements t o  p a r t i c i p a t e  
i n  ou r  program review, a l l  such weekly meetings should be scheduled, 
i f  poss ib le ,  f o r  Monday af ternoon,  Tuesday morning o r  afternoon. 
Your cooperation i n  t h i s  matter w i l l  be g r e a t l y  appreciated.  
n e t  a n t i c i p t e d  t h a t  the  f i r s t  meeting of each Task Force needs t o  meet 
t h i s  requirement. 
before  the end of this  week. 

To accommodate 

It i s  

I n  f a c t  a l l  o f  the f i r s t  meetings should be he ld  

It should be understood t h a t  members of  any Task Force should feel free 
t o  c a l l  on members of  any o the r  Task Force for information o r  a s s i s t a n c e  
i n  t h e i r  review processes.  
each member of your Task Force should be impressed with the  importance 
and p r i o r i t y  of t h e  eva lua t ion  of t h e  cu r ren t  s t a t u s  and needs o f  our 
plutonium research  e f f o r t s  and how our  research meets t h e  needs of  RDT, 

Further ,  i t  i s  f e l t  t h a t  each of you and 

It i s  a n t i c i p a t e d  t h a t  t r a v e l  of the s t a f f  w i l l  be  kept  t o  a minimum 
over t h e  next  month so t h a t  t h i s  s tudy can be completed wi th in  t h e  t i m e  
schedule t h a t  Dr. Liverman has given us. 

Charles  W. Edihgton 
Chief, Biology Branch, DBER 

cc: N. Barr 
C. Osterberg 

J. Liverman . 

- J. Harley 

- - 

. .  
. -  
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! The reference Eec.orandun and a t tachzent  requested Lnformation on 

current  and predtcted sources of cransuranicul e lenents  2nd pcssib l e  
problem areas, f o r  use by the  Transuranium Technical Group i n  advis ing  
the  Division of Siomedical and Enviromental  Research on t h e  conten t  
and conduct of research i n t o  the  possible  hazards assoc ia t sd  wi th  t h e  
plutonium industry.  

1 

mfo&aticn. which may be usefu l  t o  ' t h e  Transuranium Technical Group 

Reactor (LWR) and Liquid Metal-cooled Fast  Breeder Reactor (ElF3fl) 

plctoniun throughoGt t h e  fuel cycles.  
most l i ke ly  p o t e n t i a l  problem areas are those involving t h e  prepara-  
t i o n  of f u e l  mter ia l s ,  the  f a b r i c a t i o n  of fue l s  and t h e  shipzent  of  
these materials. .Ll 

Enclosure 2 presents  an  est imate  of. t h e  t o t a l  quzn t i t i e s  of f i s s i l e  

Enclosure 3 is an estimate 'of t h e  long-lived 'transuranium iso topes  
prodwed in II;rRs and LYFBRs r e l a t i v e  t o  the concentrat ion of f i s s i l e  
plutoniurn.produced by these  r eac to r  systems. 

. .  Enclosures 2 2nd 3 it is possible  t o  estimate t h e  cumulative quan- 
t i t i e s '  02 transuranium elements present  i n  The U.S. through t h e  

' 

. . is enclosed. Enclosure 1 is 2 b r i e f  examination of Light Water 
. .  

t .  

7 .! 

. .  I 
t - .  ' . f u e l  cycles ,  wi th  emphasis on the  quan t i t i e s  and d i s t r i b u t i o n  of 

It i s  postulated C h a t  t h e  _.- 
t 

. . .  

1 
i 

.i 
'plutonium expected t o  be recovered through t h e  Year 2000. , 

.. 

By combining 
. .  
; 
i 
1: . . . . .  . .  Yezr 2000. 'It. should be noted t h a t  e s s e n t i a l l y  a l l  t h e  t r ansp lu ton ic  
t isotopes w i l l  be present  i n  t h e  high-level wastes from reprocessing 

I 

? 
and should present  no add i t iona l  hazard i n - t h e  f ab r i ca t ion  of  p lu ton iun  . , 

.. . containing f u e l ,  .. -- . _  i: . 
* .  

' .  .'Enclosure 4 provides .  ,information on t h e  i so top ic  composition of LITR- .- . 

; produced plutoniun,.. and descr ibes  p o t e n t i a l  plutanium releases to the 

. defined i n  term of chemical form, p a r t i c l e  size,  and t h e  presence of 
fission products.. A number of uncertainties which m u s t  be reso lved  
regarding plutonium in t h e  environr?.e'nt: a r e  ident i f ied .  The presence . 

- .  - . . 
.. 
!. . 

1 '  - . 
7 

. . .  . . _  . envirorcnent f r m  LtlFaRs. and fuel cycle  f a c i f i t t z s .  These releases are :: 
. 

. 
. .  . .  . . .  - .  . . . .  
. .  _ .  . .  .... . 

- .  

. . . . . .  
. .  - . _  . .  - c . 
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-of '  uraniurn oxide i n  so l id  so lu t ion  with plutonium oxide changes t h e  
. s o l u b i l i t y  i n  mineral  acids  when compzred w i t h  pure p l u t o n i m  osides ,  
For example, s tud ie s  at the HanEord Engineering Developrnent Laboratory 
( I IEDL-m-72-  67 , "Dissolution .of Cnirrad ist ed Xec hanica l l y  Blended, 
Sol-Gel, and C o p r e c i p i t ~ t e d  >Iised Oxide 3 ~ 2 1 " )  s n o ~ s d  the f a b r i c z t i o n  
h i s to ry  influencsd the  d isso lu t ion  proper t ies  of  the f u e l  i n  coccent ra tcd  
n i t r ic  acid.  In p a r t i c u l a r ,  f u e l  s i n t e r i n g  temperature, source of PuC, - 
(i.e., oxalate ,  n i t r a t e  or burned n c t a l  dsrived PuO,) and TuO., - contenc 
of che fuel had major e f f e c t s  on f u e l  d i s so lu t ion  c i k r a c t e r i s r i c s .  The  
es tabl is5sd.  Xaxinum. Pemiss ib l e  Concentrations (XX) f o r  plutonic= only 
d i sc r in i ca t ed  between "solcble" and "insoluble" species .  The  e s t e n t  t o  
which the various f ab r i ca t ion  pa ra i e t e r s  will a f f e c t  the MPC h a s  n o t  
been c lose ly  examined. 

The physical  and chenical  c h a r a c t e r i s t i c s  of t h e  var ious conpounds of 
. plutonium encountered i n  the  course of recycl ing plutonium, i n  e i t h e r  
IJJR's or LYF~R's, are provided i n  Enclosures 1 & 4 .  Based on these 
c h a r a c t e r i s t i c s ,  w e  would propose, f o r  your considerat ion,  t h e  fol lowin= 
course of ac t ion  i n  biomedical and r e l a t e d  research t o  provide a s o r e  
thorough understanding fo r  the  requirements t o  conta in  plutonium 
during recycle ,  f o r  both exposure t o  the  general  population and 
occupational exposures and f o r  both normal operat ing and acc ident  condi t ions .  

1. Reevaluate and/or redetermine, as necessary, t h e  bod) Jurden f o r  
plutonium as a funct ion of t h e  c h a r a c t e r i s t i c s  of plutonium for  
t h c  several intslcc paths and f o r  c r i t i ca l  body organs. 

2.. Reevaluase andkor redetermine, as necessary, the MPC f o r  a i rbo rne .  
:.' par t i cu la t e .  plutonium as a funct ion of the physical  and chemical 

. _ ' '  c h a r a c t e r i s t i c s  of the  plutonium before and a f t e r  environmental 
. r ed i s t r ibu t ion .  

. .  

.3*, Ident i fy ,  based on ex i s t ing  i n f o m a t i F ,  any s i g n i f i c a n t  depa r tu re s  
._. from commonly used models f o r  movemerrt of rad ioac t ive  mterLs1s 
* ,through t h e  bipsphere t h a t  may'be occasioned because of any unique 

. . c h a r a c t e r i s t i c s  of plutonium. 
. .  .. , , . .  

'I . 4. 
. _ '  

. . . 

Develiip i n so fa r  as appropriate ,  a ka t iona l  b a s i s  f o r  def in ing  plutonium 
or a lpha  bear ing wastes (those t h a t  requi re  i s o l a t i o n  f r m  t h e  biospber6 

. - f o r  very long t e r n )  and a r a t i o n z l  bas i s  for def in ing  t h s  acceptab le  
.. - --- ' ... r e s i d u a l  Pu contamination - needed in  determining decormnissioning 

. - - :  ... requirements of plutonium fuel cycle  f a c i l i t i e s .  
'4 .. .. . . - -  

' ' Note: The 'handling of t h e  actual d isposa l  of a lpha bear ing wastes 
- ,  - .  - - - .  

.. is the  r e s p o n s i b i l i t y  of t h e  Divis ion of Waste Management and 
' Transportation; t h e  developnent of f a c i l i t y  design and opera t ing  . .  . .  
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* 

cr i ter ia  (which depends on, among other  things,  t he  d e f i n i t i o n  
of a lpha wastes and t h e  d e f i n i t i o n  of a decontaninated f a c i l i t y )  
are the  r e spons ib i l i t y  of severa l  d iv i s ions  including t h i s  one . 

- I  .. 
1 '  

4. "Plutonium Source Terms," w/at tachsent  
.. . - (2, copies) 

-\_ 

. ,  . .  

cc.: i. Muntzing,. D i r . ,  REG, w/encl. '. ' 
- .  _. 

L. Rogers, D i t . ,  D E ,  w/encl. 
. __  .-- __ __.___ J. H. Rubin, AQIES, w/encl. _ _  - .  - - - - - -  

J. J. Flaherty,  AWED, w/encl. 
S. G. English, A m ,  wlencl. 

. M. B. Biles, D i r . ,  OS, b/encl.  

. .  . 
. .  

. . - ___ . -__ - _. .- - . . . . . - . I -- -. .- . _ _  . * - _. - .  

. .  
. ,. 

5. Snvestigate emergency nedica l  procedures for  minimizins the  e f f e c t s  
' 0.f plutoniun taken -into t h e  bodies of workers in t h e  industry under 

e .  

\.cJ 
i 

i . accident  conditions.  

. -  

.. . 
7 

7 -  . .  - 

- - 

The acqu i s i t i on  of t he  information out l ined  i n  the  suggested course of 
1 .  ac t ion  i s  believed t o  be necessary t o  confirm t h a t  tnose l b i t s ,  c r i t e r i a  

and procedures are ,  i n  the  l igSt  of more recent  evidence, indeed as ! 

i conservative as believed when es tab l i shed  s o r e  years ago. Further ,  
i c e r t a i n  guidel ines  have not y e t  been provided i n  Regulations bu t  nave 

been handled on an ad hoc bas i s ;  e.g., in take limits under emergency 
i conditions. X defensible  bas i s  is needed t o  se t  such limits. 
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ENCLOSURE 1 

ENVIRONMENTAL RESEARCH RELATING TO PLUTONIW 

I N  THE CIVILIAN POWER INDUSTRY 

I 

. .  

I. 

. ..-. 
I .  

t 
I 

. 
Prepared by 

Fuel Recycle Branch 
\ \ 

. 
Division of Reactor Development and Technology 

October 19 72 
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.. 

1 0 8 0 5 3 2  - 88382 
- 



_ _ _ _ _  .. 

- . . .  -, . . .  .. . -  . .  
. . *  -. ...... .. 

- -  . .  * .  . -  .: .. _ .  - . . . .  - ._ -- * .  . - 
. . . . .  4 - ; ,.,;.. :. : . - 

. - .  
.- .-. . 

. *  
- '.fZ : . - - 

. ; ... " -..-..,- . . .  - . -. . -  

. *=- 

- - - . . . . . .  . - .  - . -  . 6 *- -._ --- . . .  0. -_ 
- .  -::- . 

. . . . .  
. . -. . ' .  _ .  

. >'. , . -  

. . . .  . *  
e .  

. . .  
- . .  * 

. -. . 
, -  b -Enyi ronaenta l  Research Rela t ing  t o  Plutonium ~ : . -  . A 

Eiature of t h e  Problem * *  . 
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.. in t h e  C i v i l i a n  Poiier Indus t ry  
. .  

u .  
. . .  . . I  . .  

. .  . $ . :. . . .  
. . .  . . .  . .  . .  

-. 
-- . 

. - .  

In order  t o  e s t a b l i s h  t h e  na ture  of t h e  p o t e n t i a l  environmental problem 
of handling p lu ton iuz  i n  t h e  c i v i l i a n  p a r e r  indus t ry ,  it is f i r s t  
d e s i r e a b l e  t o  examine the f u e l  cyc le  w i t h  res,pect t o  opera t ions  c a r r i e d  
out i n  t h e  c y c l e  and t h e  q u a n t i t i e s  of m t e r i a i  involved a t  var ious  
s t a g e s  of t h e  f u e l  cyc le .  

S impl i f i ed  f u e l  cyc le s  f o r  t y p i c a l  Rm's without  and w i t h  plgtoc?ium 
r e c y c l e  2nd for  a n  oxide fueled LXFBR a r e  s h o l m  i n  Figures 1 through 5 .  
The p r i n c i p l e  plutonium streams a r e  shcm i n  r e d ,  the n ino r  sc rap  
r e c y c l e  and waste streams i n  blue.  These diagrams obviously do n o t -  
cover a l l  t h ?  o p e r a t i o n s  within each nrajor f a c i l i t y  i n  t h e  c y c l e  nor  

. c 

D 

do they show t h e  r e l a t i v e  numbers of f a c i l i t i e s .  . .  

Tbe major-operations i n  a p l a n t  f o r  t h e  f a b r i c a t i o n  of plutonium-. 
conta in ing  f u e l  8 r e  snown i n  Table 1. 

.- . . '  prepa ra t ion  and f a b r i c a t i o n  p l a n t s  t h a t  plutonium e x i s t s  i n  t h e ' m o s t  

.Tbe projec ted  nuc lear  capac i ty  i n  1980 is  150,000 :.We, and the numbers 

It is i n  the  conversion, 

. - .  - .  ...'.. . . . . .  . . . . .  . . . -  . .  

I . . .  
* d i s p e r s a b l e  and concentrated f o r m .  . .  

. .  

f 

, .. .- of each o f  t h e  major f a c i l i t i e s  a s soc ia t ed  w i s h .  t h e  f u e l  cyc le  for a '  -. . .  . .  .. .  S 0 , O O O  LWR econcmy a r e  shown i n  Table 2. ' c 
i i /  

-. 
.L . ' 

. _  
I .  

i 
: . '  
I 

I .  
c - 

-a- --_ 
'The to ta l  q u a n t i t i e s  of plutonium involved i n  the  f u e l  cycle  in.1980, w i t h -  
and without plutonium recyc le  i n  LWR's, are shown i n  Table 3 f o r  a n  i n s t a l l e d  
nuc lea r  capac i ty  of 150,000 XCe. 
p o t e n t i a l  source of r a d i a t i o n  exposure i n  t h e  f u e l  cyc le  u n t i l  i t  h a s  

- . r e a c t o r  ope ra t i cn ,  f u e l  s to rage  and shipment, and t h e  f u e l  reprocess ing  

- --- Plutonium does not r ep resen t  a major - 

I .  been i s o l a t e d  i n  the  f u e l  reprocess ing  p l a n t ,  P r io r  t o  t h i s ,  dur ing  

ope ra t ion  i t s e l f ,  f i s s i o n  products are t h e  c r i t i ca l  nuc l ides  from - -  a - 
health and s a f e t y  s tandpoin t .  

The year 1980 was chosen as a basis for t h e  overview of t h e  na ture  of t h e  
problem s ince  commerce i n  plutonium i s  not  expected t o  reach reasonable  
-levels u n t i l  t h a t  t i m e .  
be r e l a t i v e l y  i n s i g n i f i c a n t  u n t i l  a t  least 1980. 
reasonably be expected t o  become s i g n i f i c a n t  i n  t h e  1980's. 

The recycle  of plutonium i n  LWR's i s  assumed t o  
The LMFBR cycle  can 

. .  - 
- - _ e _ _  _ -  --4- - ---- ------- 

- .  
- -  .. - . _--- - -- - - - ' Ident f f ' i ca t lon  of P o t e n t i a l  Problem Areas 

* . .  . .  
s 
. *  Potential problem a r e a s  involving plutonium in the f u e l  c y c l e  occur 

by 10 CFR P a r t  20 for plutonium iso topes  are,  of course,  extremely 

problem, but  a c c i d e n t a l  r e l e a s e s  w i l l .  Nonetheless,  i t  is probabLy 
desirable t o  eliminate t h e  r o u t i n e - r e l e a s e  of plutonium i n s o f a r  as 

- 'after plutonium has been i so l a t ed .  The r o u t i n e  release l i m i t s  se t  - - 
. IOU, Routine r e l e a s e s  probably  w i l l  not  c o n s t i t u t e  a p o t e n t i a l  

W 

- 
. *  

\ 
I 

poss i b  le; 
- '\ - . .- 
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'4 
- Based pr imarf ly  on t h e  q u a n t i t i e s  of plutpnium, e'isher pure or -in- ----:-; 

plutonium bear ing  f u e l s ,  and t h e  numbers of opera t ions  involv icg  t h a t  . 1:- - - 

are those involving t h e  prepara t ion  of f u e l  materials, - the f a b r i c a t i o n  
'of fuels and t h e  shipment o f  these  materials. 

Current S t a t u s  

TO da te  r e l a t i v e l y  small research  and development q u a n t i t i e s  of plutonium 
have been shipped and f ab r i ca t ed  i n t o  r e c y c l e  fue l .  
shipped 2s the n i t r z t e  though t h i s  p r a c t i c e  has been quest ioned.  
f ab r i ca t ion  f o r  conmercial power r e a c t o r s  has involved almost 
e n t i r e l y  s l i g h t l y  enr iched uranium without  plutonium. 
which these f u e l s  have been fabr ica ted  have not been designed t o  c o n t a i n  
or handle plutonium. 
recyc le  plutbnium re loads  f o r  c o m e r c i a l  power r e a c t o r s ,  and p l a n t s  t o  
fabricate these  f u e l s  are being planned. 

.plutonium, the most l i k e l y  p o t e n t i a l  problem areas i n  t h e  f u e l  cycle- -- :- :-  - 

Plutoniun  can be 
Fuel  

The p l a n t s  i n  

However, f i rm orders  are being taken f o r  f u t u r e  

. 

. -- . .  - .  . -  . .  - .  

-.- 

I 



., . -  ' . .  

. -  

a 

_- - -  

e- 

- 

.- - . . 

. 

. . .  
' . .  

: .' . .  

.. . 
. .  ' 

Pe 

n 
1 

. .  
. - -  

. .  

3 
c, 
4 
II 

. .  

.. 

. 

.. . 

UY 
M 
m 
0 
oc) 
0 - 

_ -  - -  

. VI' 



W 

. .  

8 

2 
I 

1 
i 
, .  
! 
. .  
1 . .  

i 
j 

! 

I 

! 

. .  

! 
! 

I - 

. .  

. 

’I C 
t 

‘ _  

e 
P 
-,. 



. -  . .- . .  

- 
.- 

. '  

I c CI 

I ' '  

. .  

. .  

. 

. .  

. .  

C '  s 
-. . 

. .  

. .  
. .  

. . .  

. .  

m 
# 
0 
03 
h .  - 

-1. - 

. .  

. u' 

. _. 



i ? !  

W' 

- .. 

' .  
. . .~ 

rr 
-? s 

. -- 

. - 

m 
0 

Q ) ?  
L) 
(ID v 

0 '  
0 
3 
Y .  

. .  

-. 



. -  

. .  

. .  
\ '. 

- 

. . 



L__ 

. .  - . . .  . . . .  
' .  . .  . .  . - -  

. -  . . .  _ .  . . . . .  - .  _-.. 
.* . . .  - . .  . .  

. . . . .  . . .  . . .  ' 9. _- .-._ . I * - 
. .  

- _  
. .: .- 

. i 
- . .  ._ 0 . .  . . . . . . . . . . . .  

-. e .  
-z 

.. 
. . . .  

* ._ 
. - . -  

. . .  
* . : . .  ..... .... ....... - . . . .  

- a .  

. 
. . .  

v z -  - .  
.L--- - .- 

. . . .  . - .  - _ . .  - .  , 
r-:. . I  

** -- . -. / 

. . - -. ..- 

. . . .  - -  . -. . - -  
- . .  . -  

e . .  -. - .  2 
... .. ~ ' .  .. * . . . .  .. TABLE 1- 

. .  r .  

. . . .  . . . . . .  - .  
- -  . 

- 
..... .. 

- .  

.-- - - 
- - -  - _  - -  - -- 

. .  

. .  
- . . . .  

. .  . .  
. . . . . .  mjor Opera t ions  i n  t h e  Plutopitn Fuel Fabrication . .  P l a n t  .. 

. . -  . .  
.. . .  . e  

- .  
. . .  ; ,:- -: . . .:' . .  

- - .  
.- 
* -  . .  - 

. . . .  . .  i: - 
.. - . 

rat  ion j .  ope 
. .  

.' . .. 

.. . -  . .  Uperzt ions w i t h  Fuel ?!ater ia ls  . - .  

. . f ' .  ... .e .... 

. .  
. .  

. .  . ._ 
. .  ... * .  

. . _  

. - -  
Screening ,  weighing fue  I p m d e r s  . .  -. 

Slugging an6 granulation . 
Ress ing 
S i n t e r  i n g  
GrinZPng .. - 
I n s p e c t i o n  of p e l l e t s  

. Recycle  r e j e c t e d  p e l l e t s  
Convey i ng rat e r ia 1 s 

.. Inserting second end .caps 

' Welding second end caps * 

. Cleaning 2nd t r a n s f e r r i n g  

. .  
. -  - .. . . . .  . .  _. .. .. ' l i k i n g ,  blending 

- .  . .- : r  

. -  - 
-. 

..... . ,  

~ .. 

.: . .  . . . .  . .  
. .  . .  .. 

. .  

. ._ . - . .  . .  . . . . . . . . . .  
: . . . . .  . .  

. I  

. .  . .  . .  . -  
- -  

. .  . . . . . . . .  . . . . . .  . .  . .  - .  . . .  . .  
. .  - - -  

. .  . .  
. .  

e .  
i 

!. 
i 

*.: 

- 1  

- .  

. .  . . . . . . . .  . . . . . .  . .  . . . . . .  . . .  
- - : .. . . . . . .  . -  . 

.4 .- 
. -  ...... P e l l e t  loading . . .  * r .  . .  t .  

1 .  

. . . . .  . . . .  .... 
. . -  

. .  
. .  

.... 
- .  . - .  

. -  I. . 

. - .  . . - . . . a  :... * . . .  . . . . . - .  - --. . . .  
' Rod c a r r i a g e  

I .  

. . -  - - .  

- .  
. : . .  

. -  
- - .  - 

. . .  . . . . .  .A . ... 
. . _  

fuel r o d s  
. .  1 r .-. . . .  -:. 

- . .  
Alpha monitoring f u e l  rods  . - .  . .  i . . .  . 

0 

. .  

' 1  

. .  ; , . k a k  checking f u e l  rods  

- .  '. . . '  . assembly area 

end.. cap welds 

end cap w e l d s  

: Lc/ .:. 
. .  .' 

. ,  . . .  
. .  . . -  

T r a n s f e r r i n g  f u e l  rods t o  . 
. :. . 

. .  
. -  . .  

, _ .  . -. 
- .  

I. 
. . . .  - .  . . Radiographic  inspec t ion  of. ' . . . .  . .  . : . -  ..-- . .  . - 

t i  

. .  

- e  . . -  . .. 

. .  . . .  . -. . .  

*. 
'- . Dimens iona 1 inspect  ion of . .  . -  

- .  . . . . .  _ .  . ? .  . .  . .  

' ,  . 
!. 

i - - , .  Recycle r e j e c t e d  f u e l  rods 

. .  .. 
* Fuel element assembly and . . .  

. .Fuel eleaatat preparation . .  

. . . .  
5 ,  - 

.' . . . . . . .  . . .  . . .  ' i n s p e c t i o n  

. . .  Recycle  r e j e c t e d  fuel acssedlfes . .  
< 

f .  

... 
--- 

. .  
... . for sh ipp ing  - .  

Process and package wastes 

Opera t ions  with Clad & l?!ardware 
. .  

- .. 
. -- . .  

\ .  

. .  

- 
a .  

- . . . _ _  - 
* . Ultrasonic inspect ion of cladding. 

d .  

! 

- Cuttiug t o  length and machining 
Etching and r in s ing  of c ladding  . . * - . .  

- .  
. . .  

. Assembly and Gelding of f i r s t  end caps ' 
. .  . -  - 0  

. . . .  - . -  Marking of cladding 
-- .- 

* *  
0 t I n s p e c t i o n  of f u e l  element hardvare 

w' . . ,. - Rinsing and cleaning of f u e l  element - .. . .  

* .  ' - .. ' .  
- . .  - _ .  . -  . . _ .  hardware 

. .  

- - * .. - .  . .  
- . .  

' *  . - - .' 
. 1,- .. 

- 

- - - 
.~ 

_. . - . .  
.. - - 

* -  

:-* - - 

- f 0 8 0 5 4 0  ! .  

. .  . .  - 4 



. ,  . . . . . .  
*- .. 

. l%BLE2 
- .  

1 

C- 

.. . -  .- * . _ .  . .  Numbers of Facil i t ies  Associated with a 150,000 IWe LWR Economy 
. . . .  . -  . - .  

* _. ~ '. Number - -  . * .  
. .  . .  S i z e  . . -* - 

. .  . .  
. .  

1000 IWe . .  

.. * 

. -. Rcac t or 
- .  . . . .  . . . .  .... . - .  .. . . .  

0 .  

3 Tons . 
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Shippini  Casks for 
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' Reprocessing P lants  

Conversion Plants  
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numbcr dependirig on t h e  extent  to w h i c h  plutonium is recycled .  
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for reprocessing plants  lags, t h e  construction and operation of r e a c t o r s .  
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Kilograms of Plutonium 
Recycle of StoZage (no 
All Pu Pro- 
duced in LI!Rs Pu Produced 

recycle) of all 

- - -  
Process Step 

- .  - 

- 
In-Reactor 

Reycled Pu 
Pu formed in situ 

TOTAL: In-Reactors 

e 0 
55,100 
55,100 

10,510 
1,320 
3,300 
660 
660 

96,700 

54,500 
48,700 
103,200 

14 , 400 
1 , 800 
4,500 
900 

. 900 - -  

Ex-Reac t o r  

Cooling at reactor site 
Shipment to reprocessing 
Pre-reprocessing inventory 
Reprocessing 
Post-reprocessing inventcry 
Stdrage Of reprocessed Pu 
Ship to fuel preparation 
Pre-preparation inventory 
Preparation 
Pre- fabrica tion inventoq 
Fabrication 
Post-fabrication inventory 
Shipment to waste repository. . .  
In waste repository 
Ship to reactor 
Pre-irradia tion inventory 
- TOTAL: Ex-Reactor 

900 
900 
900 

, 1,400 
1,400 

.500 
100 

1,400 
900 

' 3;aoo 
34,500 

l37,700 
- 113,150 

-~ 

168,250 TOTBL ALL 

__ .. - -. _ _  . -- - .- . - .  

1 
. .  

c_ 
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243& 
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-2LUTONLUM SOURCE TERYS 

PREPARED BY F U E L  RECYCLE BRANCH 
DIVISION OF REACTOR DEVELOPPENT AND TECHNOLOGY 

October 1972 . -  

"Source Terms" f o r  plutonium throughout the  r eac to r  cycle  a re  given i n  terms 
of i t s  chemical and physical  forms, i t s  o r i g i n  i n  the r eac to r  cyc le  and 
whether o r  no t  i t  i s  assoc ia ted  with o ther  radionucl ides .  
the o r i g i n ,  we have included both normal and accident  I 1  condi t ions  a s  p o t e n t i a l  
sources  of plutonium. source term" once the re  
is no longer c o n t r o l  over i t .  
known; i n  o the r s  I a range of p a r t i c l e  s i z e s  i s  included. 

I. Pu I so top ic  Composition (LWR Produced) 

With r e spec t  to 

We assume plutonium becomes a 
In  many cases ,  p a r t i c l e  s i z e s  of Pu02 a r e  n o t  

W f  0 Pu Isotope - 
238 1.5 
239 - 
24 0 
24 1 
242 

59.5 I 

21.6 
12.5 
4.9 

11. P o t e n t i a l  Sources of Pu from the LMFBR 
Fis s ion  Products 

Pu Form P a r t i c l e  Size P resen t  
/' '. ' -\ 

Orig in  

(Pu Y W O 2  Yes Fa i l ed  Fuel* 

*Appears a s  trace pontaminant i n  primary sodium, cold t r ap ;  t o  be con- 
s idered i n  f i n a l  d i sposa l  of sodium and co ld  t raps ;  acc ident  s i t u a t i o n s  
will not a l t e r  chemical form from (Pu,U)02. 

111. P o t e n t i a l  Sources of Pu Ef f luen t s  o r  Releases from Recycle F a c i l i 5 i e s  

_.. - - 
. -A. Fuel  Fabr i ca t ion  P lan t  

Fission Products - 
Pu Form Par t i c l e  'Size ' Present  Or ig in  

-___ - pu(N0314 Aerosoly about - _- -. - ---Ne - --Off-gas from con- 
0.3 microns v e r s i o n  process  

A s m a l l  percent  . No 
of par t ic les  
0.3 microns will 

f i l t e r  systems* _- 

Pu02 

. n o t  be trapped by I 

Off -gas sys t e m  

.- *h example of the p a r t i c l e  s i z e  is  shown i n  the a t t ached  appendix which 
is the  s p e c i f i c a t i o n f o r  Pu02 used i n  the f ab r i ca t ion  of FTRfue l .  

- - - 

I O 8 O W 5  - - - 



Pu02 
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l 0 8 O S 4 b  

Yes 

Yes 

No 

Off-gas from 
dissolver 

Off-gas from waste 
so 1 i d  i f  i c  a t ion 

Fire i n  Pu puiifi- 
cat ion sys t s m  
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RDT F 2-4T (October 1969) - QJality Veri f icat ion ?rogran Requiresents 

-1 
1 0  

1- 
, .  

Sieve. U. S. ~ t k 2 z r e .  o r  Z::_?ivaler,t Percent age h O z  Powder Passed 
\ 

3.1.2 P r r t i c l e  Dfstr',Sutfcz. %e plutonitza dioxide powder shal l  
met one of the p w - i c i e  size cziteria l isteabelov.  

, . _  - 
+i 

(d) Coulte? C o m t e r  Iretkcrf. A t  _c- leest 505 of p a r t i c l e s  - shal l  be 
- less #a? 25 ~ c r o ~ s .  - - - _- 

- '. 
Q 5 4 1 (b) F i s h ?  %+-Sieve S i f e r .  Average particle s i z e  - - shall be less . -  - thaa 10 dcrczs;  _ -  - - - - 
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WASHINGTON. D.C. 20545 *LI 

M. Bender 
W .  Fors t e r  
R. Frankl in  
M. Goldman 
D. Grahn 
M. Minthorn 
M. Schulman 
R.  Watters 

PLUTONIUM PROGRAM PLAN COMMITTEE MEETING DATES 

j W z e n  

The Plutonium Program Plan Committee w i l l  meet r egu la r ly  
through A p r i l  4 on Tuesday a t  1:OO p.m. t o  address questions 
regarding overlap and coord ina t ion  of Task Group a c t i v i t i e s .  
Task Force l eade r s  should p lan  t o  p a r t i c i p a t e  i n  these  
meetings. c 

The f i r s t  meeting w i l l  be on Tuesday, March 2 7 ,  a t  1:OO p.m. 
i n  my o f f i c e .  

cc: C. Edington 
C. Osterberg 

- .  
J 
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N. F. Barr, Ass i s t an t  Di rec tor  
f o r  Measurement & Evaluation 

Div is ion  of Biomedical and 
Environmental Research 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASWINGTON. D.C. 20545 

- March 27, 1973 

SCHEDULE AND GUIDELINES FOR PLUTONIUM PROGRAM PLANNING 

1. It i s  an t i c ipa t ed  t h a t  each Task Force w i l l  address i t s  
s p e c i f i c  problem a rea  i n  reasonable depth, within the  t i m e  l i m i t s  
allowed, t o  determine ( a )  the  cu r ren t  s t a t u s  of our research program 
on plutonium and o ther  radionucl ides  of i n t e r e s t  t o  RDT and (b) t o  
a s c e r t a i n  the  f u t u r e  d i r e c t i o n  which our research e f f o r t s  should take,  
i f  any, i n  the  Task Force area of concern. 

2. Each Task Force i s  expected t o  prepare a r epor t  which would 
cover i t s  review a c t i v i t i e s ,  inc lude  an eva lua t ion  of research i n  i t s  
problem area and provide recommendations f o r  fu tu re  work t h a t  might 
assist i n  DBER's response t o  RDT needs. 

3. Because of the  t i m e  schedule which has been placed on us ,  i t  
will be impossible f o r  a d e t a i l e d ,  completely documented r e p o r t  t o  be 
prepared. Nevertheless,  i t  is an t i c ipa t ed  t h a t  the  r e p o r t  will be more 
than a skeleton o r  "bare-bones" document. Su f f i c i en t  information must 
be provided f o r  an understanding of  the reasons f o r  dec is ions  and/or 
reconrandations t h a t  have been made. This i s  important because the  
Mvis ion  Director  must have adequate back-up information- t o  be a b l e  t o  
d iscuss  the  problem as w e  see i t  with program d i r ec to r s .  
that a more d e t a i l e d  r e p o r t  can be and should be developed with t i m e .  

It i s  an t i c ipa t ed  

4. The r e p o r t  of each Task Force will be expected t o  be f in i shed  
and i n  the hands of the  Plutonium Program Planning Committee no later 
than Friday, May 4, 1973. 
Committee will prepare a r e p o r t  f o r  Dr. Liverman. 

When a l l  Task Force r epor t s  are in, the  
When t h i s  r e p o r t  i s  

* 
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prepared, i t  w i l l  be circulated to each Task Force Chairman for h i s  
review and comments. 
be given t o  Dr. Liverman no la te r  than May 15, 1973. 

It i s  anticipated that the f ina l  report w i l l  

5 .  Your assistance in  seeing that the deadlines are  m e t  wi l l  - _  

be greatly appreciated. 

1 

Charles W. EdingtGn 
Chief, Biology Branch 
Division of Biomedical and 

Environment a 1 Re  s ear c h 

cc: J. Liverman 
W. Burr 
N. Barr 
C. Osterberg 
J. Harley 
J. Whitnah 
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U N ITED- STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON. D.C. 20545 

Charles W. Edington, Chief 
Biology Branch, DBER 

PROGRESS REPORT - TASK-FORCE 5 

Apri l  24, 1973 

Deliberatiotmby the  Task Force 5 on removal of t ransuranic  elements from 
t h e  body were mainly guided by two aspec t s  of t h i s  problem, the  immediate 
need for  improvement of cu r ren t ly  used methods for removal of i n t e r n a l l y  
deposited t ransuranics  i n  man, and the  need for  new, more e f f e c t i v e  agents .  

With regard t o  the  need for  improved DTPA-therapy, th ree  main problems 
were i d e n t i f i e d :  dosage, t o x i c i t y  and ef f icacy .  With regard t o  dosage, 
i t  appears t h a t  t he re  i s  no c l e a r  r a t i o n a l e  fo r  t he  therapeut ic  doses 
t h a t  a r e  ncw being administered t o  p a t i e n t s .  
t ha t  s i g n i f i c a n t l y  lower doses may be j u s t  a s  e f f ec t ive .  This is a 
problem of immediate concern e spec ia l ly  i n  view of the lack of information 
on human t o x i c i t y  data fo r  DTPA administered by aerosol .  Closely connected 
i s  t h e  lack of information on c l i n i c a l  e f f icacy .  The continued use of DTPA 
i n  pa t i en t s  i n  an e f f o r t  t o  decrease the  p o t e n t i a l  for r a d i o t o x i c i t y  cannot 
be j u s t i f i e d  unless  reasonably accu ra t e  assessments of the  r i s k  of t h i s  
therapy a r e  ava i l ab le .  

Recent l i t e ra ture  ind ica t e s  

The Task Force a l s o  questioned whether increased mobilization and subsequent 
ur inary excret ion of t ransuranics  are  t h e  only e f f e c t s  following DTPA 
adminis t ra t ion.  Some of the  c h a r a c t e r i s t i c s  of Pu excret ion following 
DTPA therapy suggest a p o t e n t i a l  for t rans loca t ion .  
is important t o  v e r i f y  i n  animal experiments t he  f a t e  of i n j ec t ed  che la ted  
Pu i n  add i t ion  t o  determining poss ib l e  t r ans loca t ion  of Pu following DTPA 
therapy. 

In view of t h i s ,  it 

The p o s s i b i l i t y  fo r  t he  developments of new modes of therapy have been 
discussed extensively.  Approaches considered t o  be most promising w e r e  
s e l e c t i v e  screening of a v a i l a b l e  che la t ing  agents  f o r  t o x i c i t y  i n  v i v o  
and t h e i r  e f f ec t iveness  i n  che la t ing  t ransuranics ,  and the  developments 
of analogs o’f- che la t ing  agents  that will be able t o  che la t e  i n t r a c e l l u l a r  
deposited t ransuranics .  Also t he  p o t e n t i a l  of new modes of therapy such 
as means t o  increase  s o l u b i l i z a t i o n  in vivo  o ther  than by c h e l a t i o n  w e r e  
considered. 
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Finally, current ongoing research was reviewed and evaluated in view 
of immediate and future needs. 

A n  outline of the final report i s  enclosed. 

Enclosure : 
As stated 

Walter W. Weyzen, M. D. 
Health Sciences Research and 

Division of Biomedical and 
Applications Branch 

Environment a 1 Re s ear ch 

A 
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Outl ine of F ina l  Report 

1. Current s t a t u s  removal therapy of t ransuranics  
a. Cl in ica l  experience 
b .  Ongoing research 

2. Optimization of ' cur ren t  therapy 
a. C l in i ca l  aspec ts  
b .  Needs fo r  supportive research  

3. New modes of removal therapy 
a. Analogs 
b .  New - chelat ing agents  - screening 
c. New - modes of therapy 
d.  Research needs 

4. Immediate needs and p r i o r i t i e s  

5 .  Sumrnary and recommendation 

.- 
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ATOMIC ENERGY COMMISSION 
WASHINGTON. D.C. 20545 

May 8, 1973 

D. Grahn 
M, Goldman 
M. Schulman 
M. Minthorn /!. :Es 
R. Frankl in  
W. Fors t e r  

FINAL REPORT DEADLINE AND RZQUEST FOR SPECIFIC INFORMATION 

The Plutonium Planning Committee i s  i n  the  process of preparing 
a r e p o r t  on the Division's review of t h e  plutonium research  
program for Dr. Liverman. We have received f i n a l  o r  d r a f t  
copies  of t he  act ivi t ies  of each Task Force. It i s  assumed 
t h a t  the  r e p o r t s  which were submitted in rough d r a f t  form will. 
be f in i shed  and resubmitted t o  the  Committee no l a t e r  than 
Friday,  May 11. Each Task Force i s  encouraged t o  submit a 
report t h a t  i s  w e l l  organized, c l e a r l y  presented with appropr ia te  
d o c w n t a t i o n  and includes Task Force recommendations f o r  work 
t h a t  they f e e l  i s  needed t o  continue t o  be responsive t o  RDT 
needs. It i s  important t h a t  t h e  recommendations f o r  f u t u r e  work 
be considered very c a r e f u l l y  and l i s t e d  i n  order  of  p r i o r i t y  
for t h e  Committee's consideration. It should be remembered 
that  these  r e p o r t s  w i l l  be appended t o  our r epor t  t o  Dr. Liverman 
and w i l l  r epresent  the j o i n t  considerat ions of each Task Force. 
Each task fo rce  member should, therefore ,  approve the r e p o r t  
ancf should i n d i c a t e  h i s  approval by s igning the  r epor t ,  I f ,  
f o r  any reason, t he re  is a d i f f e rence  of opinion, a q i n o r i t y  
r e p o r t  can be presented t o  the  Committee. 

There are a number of s p e c i f i c  items on which t h e  Committee needs 
additional infornration. These items are l i s t e d  below wi th  t h e  
Task Force which should respond. 
responses t o  these items could be provided t o  the Committee no 
later than Friday, May 11. 

. 

It would be appreciated i f  the 

I O 8 O S 5 4  
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I). GraW, e t c z  

A l l  Task Forces 

- 

May 8 ,  1973 

1. What i s  the  degree of e f f o r t  involved i n  our cu r ren t  and 
planned plutonium ' research e f f o r t  i n  each Task Force a rea?  

Task Force 1 

1. Provide a l l  information t h a t  i s  ava i l ab le -on  the  concent ra t ion  
and d i s t r i b u t i o n  of plutonium, o r  o t h e r  transuranium elements, 
i n  the  gonads of experimental animals o r  man. 

A number of ca l cu la t ions  which could be made would be he lp fu l  
t o  the  Committee. These a re :  

2. 

a. 

b. 

An absolute  c a l c u l a t i o n  of a lpha emi t t e r s  inhaled.  

Make r e l a t i v e  c a l c u l a t i o n s  on b a s i s  of resuspension f a c t o r s  
going from 10-6 t o  10-8 o r  10-9. 

Make s e n s i t i v i t y  analyses  f o r  f o l i a r  in take ,  g u t  and s o i l  
discr iminat ion f ac to r s .  

C .  

d. 

e. 

Derive tumor and gonadal rads  pe r  1000 &(e) years .  

Reprocessing and f a b r i c a t i o n  p l a n t  r e l e a s e s  should be scaled 
between LWR and W B R  cycles  on bas i s  of grams of alpha 
emitters processed p e r  %(e)  year. 

h e  method of c a l c u l a t i n g  gonadal plutonium concent ra t ion  
should be c l a r i f i e d .  

f .  

- Task Force 2 

1. How reliable a r e  experimental d a t a  t h a t  have been obtained in  
t h e  var ious experimental s tud ie s?  
e spec ia l ly  i n  proposed experiments, t o  provide confidence i n  
any statements about e f f e c t s  obsemed o r  n o t  obserred? 

A r e  sample s i z e s  s u f f i c i e n t ,  

2. Some i nd ica t ion  should be provided on how cur ren t  d a t a  on 
animals can be used t o  estimate b i o l o g i c a l  consequences i n  man 
exposed t o  MPC levels of plutonium. 

. 

3. Is it  poss ib l e  t o  use  the  non-appearance of pathology i n  humans 
t o  pruvide an upper estimate of p o t e n t i a l  hea l th  consequences? 
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I). Grahn 
M. Goldman 
M. Schulman 
M. Minthorn 

4;; z";i9, 
R. Franklin 
W. Fors te r  

FINAL REPORT DEADLINE AND REQUEST FOR SPECIFIC INFORMATION 

The Plutonium Planning Committee i s  i n  the  process of preparing 
a r e p o r t  on the Div is ion ' s  review of the  plutonium research  
program f o r  Dr. Liverman. 
copies of t he  a c t i v i t i e s  of each Task Force. It i s  assumed 
t h a t  the r epor t s  which were submitted i n  rough d r a f t  form w i l l  
be f in i shed  and resubmitted to  the  Committee no l a t e r  than 
Friday, May 11. Each Task Force i s  encouraged t o  submit a 
r epor t  t h a t  i s  w e l l  organized, c l e a r l y  presented w i t h  appropriate  
documentation and includes Task Force recormnendations f o r  work 
t h a t  they feel i s  needed t o  continue t o  be responsive t o  RDT 
needs. 
be considered very c a r e f u l l y  and l i s t e d  i n  order  of p r i o r i t y  

. f o r  the  Committee's considerat ion.  
t h a t  these r e p o r t s  w i l l  be appended t o  our r epor t  t o  Dr. Liverman 
and w i l l  r epresent  the j o i n t  cons idera t ions  of each Task Force. 
Each t a sk  force  member should, t he re fo re ,  approve the r e p o r t  
and should i n d i c a t e  h i s  approval by signing the  repor t .  I f ,  
f o r  any reason, t he re  i s  a d i f f e r e n c e  of opinion, a y i n o r i t y  
r e p o r t  can be presented t o  t h e  Committee. 

There a r e  a number of s p e c i f i c  i tems on which t h e  Committee needs 
add i t iona l  information. These i t e m s  a r e  l i s t e d  below with the  
Task Force which should respond. 
responses t o  these  items could be provided t o  t h e  Committee no 
later than Friday, May 11. 

W e  have received f i n a l  o r  d r a f t  

It i s  important t h a t  t h e  recommendations f o r  fu tu re  work 

It should be remembered 

~ 

It would be appreciated i f  t he  

.. 


