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ABSTRACT 

This report presents a preliminary assessment of the quality of 

existing information available for the evaluation of potential environ- 

mental impacts resulting from large-scale implementation of a thorium- 

based fuel cycle. The report's purpose includes (1) assistance in the 

development of a hazard assessment policy for the Nonproliferation 

Alternative Systems Assessments Program (NASAP) sponsored by the Department 

of Energy, and (2) identification of areas in which further research is 

necessary to allow detailed evaluation of the environmental hazards 

associated with thorium fuel cycles in general. Both the hazard assess- 

ment data base and the available assessment methodology are evaluated. 

While this report does not present coverage of all issues per- 

taining to practical thorium fuel cycles and pertinent literature, it is 

an attempt to specify those issues likely to appear to be significant 

during an exhaustive hazard analysis. 



INTRODUCTION 

This report has been prepared in response to a request from the 

Division of Nuclear Research and Applications of the U.S. Department of 

Energy (DOE). The purpose of the report is to present the results of a 

survey of existing information on the environmental impacts of thorium/ 

uranium commercial nuclear reactor and fuel cycle systems, examining the 

current state of knowledge of potential environmental impacts for these 

systems. 

The report consists of a discussion identifying significant differ- 

ences between conceptual uranium-plutonium (U/Pu) and thorium-uranium 

233 (Th/233U) breeder fuel cycles, with emphasis on those aspects which 

appear to require additional field/laboratory research effort. Given 

the time constraints under which this preliminary document has been 

prepared, it should be viewed as an identification of major research 

needs, rather than as a detailed evaluation. It is anticipated that 

ongoing assembly and review of pertinent literature at Oak Ridge National 

Laboratory (ORNL) will result in a comprehensive hazard evaluation of 

the Th/233U fuel cycle, including a detailed thorium mining and milling 

assessment to be published in 1978. 

While significant generic differences do exist between the U/Pu and 

the Th/233U fuel cycles in terms of potential environmental hazard, it 

is not anticipated that serious difficulties in the licensing of system 

components will be encountered for either fuel cycle. When compared to 

U/Pu systems,. Th/233U concepts may possess the prospect of reduced 
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hazards in certain portions of the fuel cycle, including the mining and 

milling of ores, and the long-term management of high level wastes. 

respect to other fuel cycle operations, including fuel processing and 

fabrication, transportation, and reactor operation, variations in hazards 

exist, but appear to be minor in magnitude. 

current interest in thorium-based fuel cycle systems requires additional 

research and analysis before complete confidence in these initial conclu- 

sions is possible. 

Th/233U-related work has also been prepared, entitled, "Biomedical and 

Environmental Aspects of the Thorium Fuel Cycle". 

With 

It is clear, however, that 

To assist in defining this research, a compendium of 

1 

PRELIMINARY ASSESSMENT OF THORIUM/URANIUM FUEL CYCLE 
ENVIRONMENTAL HAZARDS 

Mining and Milling 

Currently the major foreign availabilities of thorium for the U.S. 

are Malagasy and the Elliot Lake area in Canada. Thorium deposits in 

the U.S. include monazite beach placers along the Atlantic Coast, and 

thorite veins in the western mountain states.' 

deposits occur in New Mexico and Wyoming. 

deposits would involve open pit or  deep-mine methods similar to those 

for uranium mining. 

Coast are to be exploited, however, the potential ecological and socio- 

economic impacts are likely to be considerably different from those 

encountered in the western U . S . ,  for reasons of climate, population 

density, etc. It is evident, therefore, that the future demand for 

The major U.S. uranium 

The mining of western thorite 

If thorium monazite deposts along the Atlantic 
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thorium may qualitatively as well as quantitatively affect the environ- 

mental impacts of thorium mining and milling. 

Few analyses considering the environmental impact of mining and 

milling thorium ore are available, although interest in this area is 

currently increasing. The unpublished document, "Environmental Survey 

of the High-Temperature Gas-Cooled Reactor Fuel Cycle - Thorium Mining, 

Milling, and Refining,"' has been found to be incomplete. The model 

facility design in this study was not clearly documented and utilized 

assumptions possibly oversimplifying analyses of problems associated 

with mining and milling. The Science Applications Inc. draft final 

report, ''Environmental Impact Analysis of Thorium Nuclear Fuel Cycles,'' 

has been reviewed in detail at OWL, and was found to focus insufficiently 

on the-unique aspects of thorium mining and milling. 

The most comprehensive generic assessment to date of mining and 

4 

milling of thorium and uranium ore is presented in ERDA 1541,* the 

light-water breeder reactor (LWBR) impact statement. In that report, a 

combined mine-mill complex is conceptualized f o r  the purpose of estimating 

environmental effects. Key environmental impact variations in a conpari- 

son of mining and milling of thorium vs. uranium ores are found to 

include land use and quantity of  liquid waste discharged. It is estimated 

that a significantly smaller land area (per unit energy-equivalent 

produced) would be disturbed for the LWBR thorium cycle since the grade 

of the thorium ore is higher, the ore is contained in veins of substantial 

width, and a larger number of veins lie parallel within a typical work 

pit area. The amount of waste water discharged (also on a per-unit- 



4 

energy b a s i s )  from a thorium mine i s  a l s o  est imated t o  be cons iderably  

reduced, i n d i c a t i n g  t h a t  o f f - s i t e  e f f e c t s  from discharge  may be reduced 

depending on s i t e - s p e c i f i c  t o l e rances  t o  mining a c t i v i t i e s .  Due t o  t h e  

low s o l u b i l i t y  o f  thorium and i t s  daughters  i n  water ,  concent ra t ions  of 

r ad ionuc l ides  i n  l i q u i d  e f f l u e n t  streams from t h e  thorium mine and m i l l  

may be o r d e r s  o f  magnitude less than  f o r  uranium mine l i q u i d  e f f l u e n t s ,  

a l though a s tudy  t o  compare suspended p a r t i c u l a t e  concent ra t ions  i s  

necessary  t o  supplement t h i s  estimate. 

I t  was est imated i n  ERDA 1541 t h a t  t h e  q u a n t i t i e s  of  r a d i o a c t i v e  

materials r e l e a s e d  t o  t h e  atmosphere dur ing  conceptual ized thorium 

mining and m i l l i n g  would be g r e a t e r  than  those  r e l eased  from comparable 

uranium f a c i l i t i e s .  A hazard i n  both mining and m i l l i n g  of  thorium o r e  

might be t h e  r a d i o l o g i c a l  impact r e s u l t i n g  from t h e  r e l e a s e  of  and 

daughter  p a r t i c u l a t e s  t o  t h e  atmosphere; however, t h e  s h o r t  r a d i o l o g i c a l  

h a l f - l i f e  of  220Rn reduces t h i s  hazard.  

Although t h e  assessment of thorium mining and m i l l i n g  presented  i n  

ERDA 1541 i s  a good overview with r e s p e c t  t o  t h e  Light-Water Breeder 

Reactor Program, r a d i o l o g i c a l  dose estimates s p e c i f i c  t o  t h e  mine/mill  

components of t h e  f u e l  c y c l e  a r e  not  ca l cu la t ed  i n  t h e  r e p o r t .  

emphasis on thorium, as u t i l i z e d  i n  one o r  more of  t h e  va r ious  r e a c t o r  

cyc le s ,  r e q u i r e s  t h e  completion of  a gener ic  mining and m i l l i n g  document. 

Current 

In  view of  s i m i l a r i t i e s  i n  mechanical and chemical methods between 

mining and m i l l i n g  thorium and uranium o r e s ,  s u f f i c i e n t  d a t a  a r e  probably 
5 a v a i l a b l e  t o  a l low r e l i a b l e  estimates of thorium mine and m i l l  radionu-  

c l i d e  and chemical e f f l u e n t  r e l e a s e s  t o  t h e  environment. Although 



5 

u n c e r t a i n t i e s  s t i l l  e x i s t  i n  environmental t r a n s p o r t  d a t a  and dose 

conversion f a c t o r s  f o r  c e r t a i n  r ad ionuc l ides ,  as d iscussed  l a t e r  i n  t h i s  

r e p o r t ,  it appears  t h a t  a use fu l  generic .  environmental assessment can be 

assembled a t  t h i s  time. Addit ional  r e sea rch  on t h e  environmental and 

metabol ic  behavior of  c e r t a i n  r ad ionuc l ides ,  a s  o u t l i n e d  wi th in  t h i s  

r e p o r t ,  should r e s u l t  i n  s u b s t a n t i a l  r educ t ion  of u n c e r t a i n t i e s  a s soc ia t ed  

wi th  t h e  es t imat ion  of  environmental hazards  i n  such an assessment.  

Fue 1 Reproc e s s ing 

A comparison of  U/Pu versus  Th/233U reprocess ing  i n d i c a t e s  few 

s i g n i f i c a n t  d i f f e r e n c e s  i n  a n t i c i p a t e d  environmental hazard l e v e l s .  I t  

may be conf iden t ly  assumed i n  e i t h e r  case  t h a t  r o u t i n e  ope ra t ion  of 

reprocess ing  f a c i l i t i e s  would r e s u l t  i n :  1) no r a d i o a c t i v e  s o l i d  wastes 

bur ied  on s i t e ,  2)  no r a d i o a c t i v e  l i q u i d  r e l e a s e s ,  3) c o n t r o l l e d  r ad io -  

a c t i v e  gaseous r e l e a s e s ,  fol lowing cleanup t o  ensure t h a t  r e l e a s e s  a r e  

wel l  below regu la to ry  limits, and 4 )  minor d i f f e r e n c e s  i n  hazard a s soc i -  

a t e d  with chemical e f f l u e n t s  o r  r e l e a s e  r a t e s .  6-11 

The most important v o l a t i l e  o r  gaseous r a d i o a c t i v e  i so topes  ex- 

pected t o  be emit ted from Light-\\later Reactor (LWR) reprocess ing  p l a n t s  

are  3H, 85Kr, 1 4 C ,  and 1291.11’12 

r e s u l t  i n  g r e a t l y  increased  3H levels  a t  t h e  reprocess ing  f a c i l i t y .  

High Temperature Gas-Cooled Reactor (HTGR) p l a n t s  would r e l e a s e  a d d i t i o n a l  

1 4 C  v i a  t h e  burning o f  t h e  g r a p h i t e  mat r ix  of i r r a d i a t e d  f u e l  elements.  

T e r t i a r y  f i s s i o n  i n  f a s t  r e a c t o r s  may 

Due t o  t h e  f i s s i o n  product  spectrum modif ica t ions  r e s u l t i n g  from t h e  use  

of 233U r a t h e r  than  235U f u e l ,  a Th/233U reprocess ing  f a c i l i t y  would be 

expected to. r e l e a s e  increased  q u a n t i t i e s  of  85Kr and iod ine .  Table I 
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i n d i c a t e s  es t imated r e l a t i v e  f i s s i o n  and a c t i v a t i o n  product i nven to r i e s  

f o r  HTGR versus  LWR f u e l  elements.  Given t h e  range of  Th/233U opt ions  

under cu r ren t  cons ide ra t ion ,  t h i s  t a b l e  provides  a comparison adequate  

f o r  t h e  purposes of  t h i s  assessment.  

Table I .  Estimated major v o l a t i l e  f i s s i o n  and a c t i v a t i o n  
products  i n  f u e l  elements (180 days a f t e r  r e a c t o r  

d i sc harg e)  

C i /  (GWeY) 

I so topes  
HTGRa LWR 

3H 13,300 22,900 

l 4 C  159 16 

8 5 K r  711,000 372,000 

2.0 1 . 3  1 2gI 

Ref. 1 2 .  a 

Containment of  gaseous 'H and " K r  i s  deemed f e a s i b l e .  Containment 

of t h e  iod ine  i so topes  i s  a more d i f f i c u l t  problem but  a l s o  appears  t o  

be f e a s i b l e .  

C 0 2  involves  g r e a t e r  t echn ica l  d i f f i c u l t y  and may not  be economically 

j u s t i f i a b l e .  12'13 

l a r g e  s c a l e  u s e  of  H T G R ' s  i s ,  t h e r e f o r e ,  of importance. Current models 

The sepa ra t ion  of  1 4 C 0 2  from l a r g e  q u a n t i t i e s  o f  i n a c t i v e  

A thorough s tudy of  populat ion doses  r e s u l t i n g  from 
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do not  inc lude  s u f f i c i e n t  complexity t o  r e l i a b l y  model worldwide d i s t r i -  

bu t ion ,  f i x a t i o n ,  and populat ion doses r e l a t e d  t o  14C02 ( r e f .  2 )  , al though 

s i g n i f i c a n t  progress  i s  ev ident .  13 

With r e s p e c t  t o  p a r t i c u l a t e  r e l e a s e s ,  conceptual Th/233U repro-  

ces s ing  f a c i l i t i e s  u t i l i z e  deep-sand and HEPA f i l t r a t i o n  techniques 

t o  reduce p a r t i c u l a t e  emissions by a t  l e a s t  1 0  ( r e f .  2 ,14,15) ,  - 9  

s u f f i c i e n t  t o  comply with cu r ren t  s tandards .  Addit ional  i so topes  
5k.l which may be unique t o  HTGR reprocess ing  a r e  v o l a t i l e  forms o f  

33P, ( r e f .  12) both pure  be t a  e m i t t e r s ,  c r ea t ed  by neutron a c t i v a t i o n  of 

t h e  HTGR f u e l  p i t c h  b inder .  

t h e  l e v e l s  of r e l e a s e  and environmental hazard imposed by t h e s e  nuc l ides  

and s u i t a b l e  con t ro l  measures. 

S and 

Fur ther  r e sea rch  i s  necessary  t o  determine 

Research i n v e s t i g a t i n g  p o t e n t i a l  environmental hazards  r e s u l t i n g  

from d e l i b e r a t e  product ion o r  i n t roduc t ion  of gamma-emitters i n t o  f u e l s  

( f o r  sa feguards  purposes) p r i o r  t o  r e f a b r i c a t i o n  i s  necessary ,  a s  i s  a 

thorough i n v e s t i g a t i o n  of t h e  hazards r e l a t e d  t o  prolonged o r  repea ted  

i r r a d i a t i o n  of  r e c y c l e  m a t e r i a l s ,  with consequent bui ldup of  low c r o s s  

s e c t i o n  t ransmuta t ion  products .  

A hazard introduced by Th/*”U f u e l  reprocess ing  and r e f a b r i c a t i o n  
232 ( a s  compared t o  U/Pu f a c i l i t i e s )  would be acc iden ta l  r e l e a s e  of 

233U, 228Th, 232Th and daughters .  

t h e  environment i s  i n s u f f i c i e n t l y  understood, as d iscussed  i n  fol lowing 

pages.  

LI, 

Behavior of t h e s e  i so topes  i n  man and 

Increases  i n  hazard from t h e  in t roduc t ion  of  t h e s e  i so topes  

might be o f f s e t  t o  an unquant i f ied  ex ten t  by a s i g n i f i c a n t  reduct ion  

(SO-SO% i n  LWBR f u e l s )  i n  q u a n t i t i e s  of  t r a n s u r a n i c  i so topes  produced, 
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inc luding  neptunium, plutonium, americium and curium. l6 Plutonium, f o r  

example, w i l l  be p re sen t  i n  LWBR spent  f u e l  on ly  as a t r a c e ,  due t o  a 

reduced product ion c r o s s  s e c t i o n  v i a  232Th. A r e l a t i v e  hazard a n a l y s i s  

o f  t h e  cyc les ,  based on t h i s  t r a d e o f f ,  should be performed. The e f f e c t s  

o f  238U i f  added as a denaturant  must be included i n  t h i s  a n a l y s i s .  

In  t h e  p a s t ,  r e l a t i v e l y  short- term s to rage  of  spent  f u e l  elements 

was envis ioned p r i o r  t o  reprocess ing .  Experience with LWR f u e l  i n d i c a t e s  

t h a t  a r eeva lua t ion  of spent  f u e l  average s t o r a g e  t ime may be i n  o rde r .  

Increased s t o r a g e  t ime, p r i o r  t o  reprocess ing ,  e f f e c t i v e l y  reduces 

131 hazards  from s h o r t  and in te rmedia te  h a l f - l i f e  i so topes ,  inc luding  I ,  

95 ruthenium, " Z r -  

day-versus three-year -s tored  LWR spent  f u e l ,  t o t a l  r a d i o a c t i v i t y  fed  t o  

Nb, and c e r t a i n  t r a n s u r a n i c s .  In  a comparison of  160- 

a reprocess ing  p l a n t  was est imated t o  be reduced by a f a c t o r  of  about 5 

( re f .  1 7 ) .  The l i ke l ihood  of  a similar reduct ion  i n  hazard f o r  t h e  

Th/233U c y c l e  should be considered.  

S o l i d  Waste Management 

A unique hazard introduced by t h e  Th/233U f u e l  cyc le  involves  t h e  

a d d i t i o n a l  uranium i so topes  (233U and 232U), thorium i so topes  (228Th and 

232Th) and t h e i r  daughters  ( t h e  thorium cha in ) .  The in t roduc t ion  of 

t h e s e  i so topes  may be o f f s e t  by a s i g n i f i c a n t  reduct ion  i n  t r a n s u r a n i c  

wastes. In  a r ecen t  comparison16 inc luding  U/Pu and 233U f u e l  cyc le s ,  it 

i s  concluded t h a t  waste " r ad io log ica l  hazard" from Th/233U (pr imar i ly  

f i s s i o n  products  f o r  t h e  f i rs t  300 years )  may be up t o  t h r e e  o rde r s  o f  

magnitude l e s s  than  from corresponding U/Pu cyc le  wastes .  Alpha hea t  

product ion,  a s i g n i f i c a n t  s t o r a g e  problem, may be reduced by up t o  f i v e  
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o rde r s  of  magnitude when compared t o  U/Pu cyc le  wastes.  

a n a l y s i s  of long-term e f f e c t s  f o r  t h e  two gener ic  c y c l e s '  waste management 

p o l i c i e s  may, t h e r e f o r e ,  be poss ib l e  a t  t h i s  t ime. Again, t h e  e f f e c t s  

o f  dena turant  238U must be considered i n  t h i s  con tex t .  

Comparative 

Weinberg e t  a l .  l8 have prepared an e x c e l l e n t  comparison of var ious  

f u e l  cyc le  technologies ,  inc luding  es t imates  of long-term hazards of  

concern i n  t h i s  contex t .  

S p e c i f i c  research  needs e s s e n t i a l  t o  r e l i a b l e  es t imat ion  of  waste 

management environmental hazards  a l s o  inc lude  t h e  development of  d a t a  

quant i fy ing  t h e  environmental and metabolic behavior of t h e  uranium and 

thorium cha in  r ad ionuc l ides ,  and c a l c u l a t i o n ,  based on a v a i l a b l e  geo- 

chemical d a t a ,  of  uranium, thorium, radon, and thoron and daughter  

geot ranspor t  c o e f f i c i e n t s .  

a t e  t o  

of  t h e s e  nuc l ides  dur ing  reprocess ing  ope ra t ions  w i l l  r e s u l t  i n  chemical ly  

f ixed  o r  phys i ca l ly  compressed m a t e r i a l s  f o r  s to rage .  

r ad ionuc l ides  may be g radua l ly  r e l eased ,  and popula t ion  dose e s t ima te  

methodologies should be pe r fec t ed  t o  handle l a r g e - s c a l e  s t o r a g e  and 

subsequent p o t e n t i a l s  f o r  r e l e a s e .  

Continued development of  methodology appropr i -  

3 H ,  1 4 C ,  and " K r  waste hazard assessment i s  urged.  Entrapment 

These entrapped 

A Discussion of  Research and blethodology Development Needs 

Atmospheric t r a n s p o r t  

Most computer-implemented models used f o r  es t imat ing  doses  t o  man 

from atmospheric r e l e a s e s  of  rad ionucl ides  do not  provide f o r  c o n t r i b u t i o n s  

t o  ex terna l .  doses r e s u l t i n g  from daughter bui ldup i n  t h e  plume. 

which a t t a i n  s e c u l a r  equi l ibr ium with t h e i r  pa ren t s  very  quick ly  a f t e r  

Daughters 
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release of  t h e  pa ren t s  can be simply t r e a t e d  by adding them t o  t h e  

source term i t s e l f .  

longer - l ived  daughter can a l s o  be handled f o r  s p e c i f i c  downwind d i s t a n c e s  

i n  an approximate manner by adding t h e  daughter t o  t h e  source term a t  an 

appropr i a t e  r e l e a s e  r a t e .  More s e r i o u s  problems a r i s e ,  however, i n  

cases  f o r  which t h e  parent  and daughter  h a l f - l i v e s  a re  such t h a t  s e c u l a r  

equi l ibr ium i s  not  achieved wi th in  t h e  dose assessment a r e a  o r  i n  cases  

i n  which conversion of  t h e  parent  t o  a longer - l ived  daughter i s  far  from 

complete by t h e  time t h e  plume reaches a po in t  of i n t e r e s t .  

o f  a cha in  of  daughters  can complicate  t h e s e  problems. 

220 

Cases i n  which a very  sho r t - l i ved  parent  produces a 

The ex i s t ence  

The decay of 

Rn (TlI2 = 55s) i s  a case i n  p o i n t .  There i s  a need t o  be a b l e  t o  
2 1  2 t r e a t  t h e  bui ldup of 212Pb (Tli2 = 10.64 h ) ,  B i  (T1/* = 60.6 m), and 

208T1 (TI/* = 3 .1  m) i n  t h e  plume. The computer modeling problem i s  not  

t r i v i a l  because,  f o r  example, plume dep le t ion  through d ry  depos i t i on  and 

scavenging processes ,  included i n  advanced atmospheric d i spe r s ion  computer 

codes,  involves  u s e  of  time-dependent depos i t i on  and scavenging c o e f f i c i e n t s .  

Another r e l a t e d  and n o n - t r i v i a l  problem involves  t h e  a p p l i c a b i l i t y  

of c u r r e n t  atmospheric t r a n s p o r t  models t o  mountainous t e r r a i n s ,  such as 

those  surrounding many western p o t e n t i a l  mine/mill s i tes .  Curren t ly  appl ied  

d i s p e r s i o n  codes do not  cons ider  t h e  e f f e c t s  of t e r r a i n  v a r i a b i l i t y  on pol-  

l u t a n t  d i spe r s ion .  

Accurate modeling of r a d i o l o g i c a l  doses from a l t e r n a t i v e  nuc lear  

f u e l  cyc le s ,  t h e r e f o r e ,  r e q u i r e s  a d d i t i o n a l  e f f o r t  i n  es t imat ion  of  time 

dependent c o e f f i c i e n t s ,  i n  model development, and i n  v a l i d a t i o n  o f  

r e s u l t a n t  methodology. 
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. Ecosystem t r a n s p o r t  

Because high s p e c i f i c  a c t i v i t y  uranium (233U/232LJ) and thorium 

( 228Th) a r e  p re sen t  ex tens ive ly  wi th in  thorium f u e l  cyc le s  , t h e  environ-  

mental t r a n s p o r t  of t h e s e  rad ionucl ides  r e q u i r e s  thorough eva lua t ion .  

The lack  of f i e l d  d a t a  on t h e  behavior of uranium and thorium i n  aqua t i c  

and t e r r e s t r i a l  food cha ins  has been a major shortcoming i n  assessments 

of  environmental t r a n s p o r t  o f  t h e s e  elements.  Dose e s t ima tes  t o  ind iv idua l s  

and popula t ions  i n  t h e  v i c i n i t y  of  f a c i l i t i e s  r e l e a s i n g  t h e s e  m a t e r i a l s  con- 

t a i n  cons iderable  u n c e r t a i n t y  as a r e s u l t .  Aside from geochemistry,  where 

ex tens ive  documentation o f  uranium and thorium behavior e x i s t s ,  l i t t l e  

i s  known about t h e  ecosystem dynamics of  n a t u r a l  uranium and thorium. 

In r ecen t  yea r s ,  t h e  r e sea rch  emphasis on plutonium as a p o t e n t i a l  

environmental problem from t h e  Liquid Metal Fast Breeder Reactor (LMFBR) 

f u e l  cyc le  has  overshadowed re sea rch  on t h e  environmental behavior of 

o t h e r  a c t i n i d e s .  

Geochemically, uranium and thorium i n  t h e  +4 ox ida t ion  s t a t e  have s i m i l a r  

p r o p e r t i e s , ”  but uranium i n  t h e  +6 s t a t e  (U02+2) i s  s i g n i f i c a n t l y  more 

s o l u b l e  than  thorium. 

marine environment i s  not  e a s i l y  p r e d i c t a b l e .  

Thus, t h e  behavior of  uranium i n  t h e  f reshwater  and 

Regardless of  t h e  i o n i c  

aqua t i c  environment, thorium, l i k e  plutonium, tends  t o  accumulate i n  

organic  and inorganic  sediments more than does uranium. 

i s  geochemically less mobile than  uranium.20 

In s o i l s ,  thorium 

The movement of uranium 

from s o i l s  t o  t h e  oceans i s  r e l a t i v e l y  r a p i d .  

S o i l  t o  p l a n t  t r a n s f e r  c o e f f i c i e n t s  f o r  impact assessments a r e  

t y p i c a l l y  based on n a t u r a l l y  occurr ing  concent ra t ions  of  uranium and thorium 
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in soils and plants. Terrestrial plants preferentially assimilate uranium 

over thorium, but fractional uptake by plants for total soil uranium or 

thorium is unknown. 

by fuel cycle operations may be more available than natural uranium and 

thorium; more research in the area of soil to plant transfer is needed. 

While concentration ratios for plutonium have now been measured in a variety 

of terrestrial environments in the U.S.21 and for a variety of plant species, 

there are few comparable studies of soil to plant transfers for uranium o r  

thorium. The geographic range in plutonium concentration ratios is 10 to 

Isotopes of uranium or thorium freshly added to soil 

-4 

and similar variations might be expected for uranium and thorium. 

Even less research has been attempted on the potential transfer of 

uranium and thorium from plants to animals o r  animal products. It is 

anticipated that the fractional transfer of uranium, thorium, and plutonium 

to milk and meat is small; estimates of these factors are available. 

A similar lack of data is evident regarding uranium and thorium transfer 

to poultry and eggs, the necessity for field research is evident. 

equally important shortcoming in predicting food chain transport to man 

is the lack of information on thorium concentrations in human foods. 

22 

An 

Little information is available on the aquatic food chain transfer 

of uranium and thorium to man. There is no evidence for biomagnification 

of thorium or uranium in aquatic food chains, but thorium/uranium ratios 

are typically greater than unity at each trophic level. 

thorium concentration factors for fish and seafoods consumed by man are 

virtually unexplored. 

Uranium and 
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F i n a l l y ,  many of t h e  parameter va lues  requi red  t o  p r e d i c t  t h e  

environmental t r a n s p o r t  of uranium and thorium us ing  a v a i l a b l e  methodologies 

have not  been measured s p e c i f i c a l l y  f o r  t h e s e  elements.  Consequently, 

gene r i c  parameter va lues  are  f r equen t ly  s u b s t i t u t e d  i n t o  models of food 

cha in  t r a n s p o r t .  Given t h a t  t h e  consumption of p l a n t  foods i s  a primary 

r o u t e  of  t h e  a c t i n i d e s  inges ted  by man, 23-25 parameters used t o  p r e d i c t  

uranium and thorium concent ra t ions  i n  vege ta t ion  are  of cons iderable  

importance. For example, depos i t i on  v e l o c i t i e s  (Vg) are  commonly used 

t o  p r e d i c t  r ad ionuc l ide  concent ra t ions  i n  vege ta t ion  v i a  a i r  concen t r a t ions .  

There are  no f i e l d  measurements of depos i t i on  v e l o c i t i e s  s p e c i f i c  t o  

uranium, thorium, o r  plutonium compounds under a v a r i e t y  o f  atmospheric 

cond i t ions .  Addi t iona l ly ,  t h e r e  a r e  no measurements of  e f f e c t i v e  ha l f - t ime 

(a func t ion  of phys ica l  h a l f - l i f e  and weathering ha l f - t ime)  f o r  plutonium, 

uranium, o r  thorium depos i ted  on vege ta t ion .  

I t  i s  c l e a r ,  t h e r e f o r e ,  t h a t  r e sea rch  on food cha in  t r a n s p o r t  of 

uranium and thorium compounds i s  requi red  f o r  more accu ra t e  es t imat ion  

of  hazards  v i a  environmental t r a n s p o r t .  

Fur ther  r e sea rch  on t h e  environmental behavior of r ad ionuc l ides  

o t h e r  than  thorium/uranium and daughters  would a l s o  c o n t r i b u t e  s i g n i f i -  

c a n t l y  t o  a more thorough assessment of  thorium f u e l  cyc le  systems. 

These r ad ionuc l ides  inc lude  1 4 C  and "Tc as well as seve ra l  of t h e  

lesser known a c t i n i d e s ,  such as americium, neptunium, and curium. 

Metabolic and tox ico log ica l  s t u d i e s  

Extensive use  of 232'I'h as a f e r t i l e  material impl ies  exposure of 

t h e  occupat ional  worker and t h e  genera l  pub l i c  t o  seve ra l  r ad ionuc l ides  
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(prev ious ly  noted) not  normally present  i n  l a r g e  q u a n t i t i e s  i n  uranium/ 

plutonium f u e l  systems. Several  a r e a s  of r e sea rch  have been i d e n t i f i e d  

which, i f  undertaken, would c o n t r i b u t e  t o  r educ t ion  of u n c e r t a i n t i e s  

a s soc ia t ed  with t h e  assessment of p o t e n t i a l  environmental impacts of 

thorium f u e l  systems. The fol lowing summarized recommendations were 

l a r g e l y  presented a t  t h e  Conference on Occupational Health Experience 

with Uranium,26 but  have a l s o  been suggested by T i l 1 2 7 ’ 2 8  and i n  t h e  
2 Light-Water Breeder Reactor Program Fina l  Environmental Statement .  

Metabolism of  uranium and thorium. 

t i o n a l  workers and t h e  genera l  p u b l i c ,  it i s  important t h a t  we ob ta in  

For p r o t e c t i o n  of  both occupa- 

more accu ra t e  e s t ima tes  of parameters i n  uranium and thorium metabolic 

models, such as (1) t h e  absorp t ion  of uranium and thorium from t h e  

g a s t r o i n t e s t i n a l  t r a c t ,  ( 2 )  t h e  long-term res idence  c h a r a c t e r i s t i c s  of 

uranium and thorium i n  bone (probably r equ i r ing  r e sea rch  with a long- 

l i v e d  mammalian s p e c i e s ) ,  and ( 3 )  t h e  q u a n t i t i e s  of uranium and thorium 

i n  s o f t  t i s s u e s  a f t e r  prolonged exposure.  

numbers of  i n d i v i d u a l s  v i a  whole-body count ing and post-mortem examination 

Human s t u d i e s  based on l a r g e  

should assist i n  overcoming familiar ex t r apo la t ion  problems a s soc ia t ed  

wi th  animal s t u d i e s .  

Chemical t o x i c i t y .  Animal experiments are  needed t o  examine t h e  

fol lowing:  1)  t h e  longevi ty ,  func t iona l  s t a t u s ,  and a b i l i t y  of t h e  

kidneys t o  withstand f u r t h e r  s t r e s s  a f t e r  acu te  o r  chronic  uranium 

poisoning,  and 2 )  t h e  sepa ra t e  and/or s y n e r g i s t i c  e f f e c t s  of  chemical 

t o x i c i t y  and r a d i a t i o n  damage due t o  i so topes  o r  mixtures  of i so topes  of  

high and moderate s p e c i f i c  a c t i v i t y ,  such as 233U, 232U and h igh ly  
23SU enriched uranium conta in ing  234U and 
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Radiat ion e f f e c t s .  Because up t o  now only low-spec i f i c - ac t iv i ty  

uranium i so topes  and mixtures have been encountered i n  t h e  nuc lea r  

i ndus t ry ,  t h e i r  r a d i a t i o n  e f f e c t s  have gene ra l ly  been ignored. Long- 

term r a d i a t i o n  e f f e c t s  i n  bone and kidney f o r  t h e  h i g h - s p e c i f i c - a c t i v i t y  

i so topes  232U and 233U have been s tudied  only i n  mice, 2 9 ’ 3 0  and need t o  

be s tud ied  i n  l a r g e ,  long-l ived spec ie s  such a s  dogs o r  monkeys. The 

dose-response r e l a t i o n s h i p s  i n  lung need t o  be determined f o r  a range of 

s p e c i f i c  a c t i v i t i e s  of inha led  in so lub le  uranium compounds, t o  a i d  i n  

understanding t h e  general  problem of  t h e  e f f e c t s  of inha led  in so lub le  

a lpha -emi t t e r s .  

I t  has  been noted 2 2 3 1  t h a t  we c u r r e n t l y  assume a l l  bone-seeking 

r ad ionuc l ides  t o  be f i v e  times more e f f e c t i v e  i n  inducing bone tumors 

than  226Ra ( i . e . ,  n = 5 ) .  Only a l imi t ed  number of s t u d i e s  have been 

conducted with 233U and only  one with 232U ( r e f .  29 ) .  These l imi t ed  

d a t a  suggest t h a t  f o r  high s p e c i f i c  a c t i v i t y  uranium, s e t t i n g  n = 1 f o r  

233U and n = 2 f o r  232U nay be j u s t i f i e d ,  e f f e c t i v e l y  inc reas ing  exposure 

l i m i t s  f o r  t h e s e  i so topes .  

In  conclusion,  it appears  t h a t  a d d i t i o n a l  metabol ic  and tox ico log ica l  

d a t a ,  both human and animal-derived, focusing on those  r ad ionuc l ides  

unique t o  thorium f u e l  systems, would be he lp fu l  i n  a s ses s ing  t h e  p o t e n t i a l  

environmental impact a s soc ia t ed  with t h e  use  of thorium f u e l s .  

Dose conversion f a c t o r s  - __ 

Dose conversion f a c t o r s  used i n  environmental assessments o f t e n  

involve  l a r g e  u n c e r t a i n t i e s .  Outdated metabolic and r e t e n t i o n  models 

a r e  too  f requent  y employed i n  t h e  computation of t h e s e  f a c t o r s .  For 
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I many elements of  importance i n  t h e  thorium and uranium f u e l  cyc le s ,  no 

~ more r ecen t  metabol ic  models are a v a i l a b l e  than  those  of t h e  1959 ICRP 

Metabolic d a t a  and some dose conversion f a c t o r s  f o r  Publ ica t ion  2 .  32 

rad ionucl ides  which would be r e l eased  t o  t h e  environment i n  t h e  event of 

a nuc lea r  power p l a n t  acc ident  have been compiled by t h e  Nuclear Regula- 

t o r y  Commission i n  t h e  WASH-1400 r e p o r t .  33 

conversion f a c t o r s  inc lude  t h a t  of  Killough and FlcKay, 34 t h e  N R C ' s  

Regulatory Guide 1.109,35 and NUREG-0172 ( r e f .  3 6 ) ,  a compilat ion of 

Other t a b u l a t i o n s  of  dose 

age-dependent f a c t o r s .  Frequent d i sc repanc ie s  i n  t h e  va lues  from t h e s e  

va r ious  sources  a r e  ev ident  and can o f t e n  be t r aced  t o  d i f f e r e n c e s  i n  

metabol ic  models and assumptions.  

There i s  a need f o r  f u r t h e r  development of dose conversion f a c t o r s  

a p p l i c a b l e  t o  age groups i n  t h e  populat ion o t h e r  than  t h e  r e fe rence  

a d u l t .  

t i n g  t h e  a d u l t  dose conversion f a c t o r s  t o  t h e  c h i l d  by means of a simple 

The approach t o  t h i s  problem has gene ra l ly  been one of  ex t rapola-  

r a t i o  of  organ masses. However, o the r  phys io log ica l ,  metabol ic ,  and 

d i e t a r y  d i f f e r e n c e s  would l i k e l y  produce v a r i a t i o n s  i n  uptake and r e t e n -  

t i o n  of r ad ionuc l ides  among age groups.  

The i n t e r n a l  dosimetry o f  thorium and uranium i so topes  and t h e i r  

progeny has many complexi t ies ;  t h e  dose conversion f a c t o r s  f o r  t h e s e  

rad ionucl ides  may r e q u i r e  r eeva lua t ion .  

problem i s  t h e  handl ing of  radon spec ie s  produced i n  t h e s e  decay cha ins .  

Radon-220 and 222 a r e  important progeny i n  t h e  232Th and 230Th decay 

cha ins .  There are  major u n c e r t a i n t i e s  i n  t h e  dose conversion f a c t o r s  

a s soc ia t ed  with t h e s e  r ad ionuc l ides .  There i s  a l s o  u n c e r t a i n t y  (ERDA 

One p a r t i c u l a r l y  d i f f i c u l t  
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2 1541, 1976) 

228Ra, from bone, r e c i r c u l a t i n g  v i a  t h e  blood, and t h e  r e l a t e d  p o t e n t i a l  

could e x i s t  f o r  up t o  an order-of-magnitude decrease  i n  232Th exposure 

concerning t h e  ex ten t  of t r a n s l o c a t i o n  o f  t h e  232Th daughter ,  

37 l imits.  On t h e  o t h e r  hand, Marshall e t  a l .  i n  a 1972 ICRP r e p o r t  pro-  

posed a model and parameters lead ing  t o  an inc rease  i n  232Th exposure 

limits. I t  i s  evident  t h a t  add i t iona l  d a t a  should be c o l l e c t e d  on 232Th 

and daughter  behavior .  

BIBLIOGRAPHIC LITERATURE SURVEY 

An annotated b ib l iography e n t i t l e d ,  "Biomedical and Environmental 

Aspects of  t h e  Thorium Fuel Cycle" has been prepared t o  suppleaent  t h i s  

r e p o r t .  The purpose of t h e  bibl iography i s  t o  assist  i n  eva lua t ion  of  

t h e  consequences of  high s p e c i f i c  a c t i v i t y  uranium and r e l a t e d  nuc l ides  

r e l eased  t o  t h e  environment. The document inc ludes  a b s t r a c t s  of  s t u d i e s  

i n  t h e  fol lowing sub jec t  areas: Bio logica l ;  Medical; Radiat ion Sa fe ty  

and Control ;  Ecologica l ;  Monitoring, Measurement and Analysis ;  Chemical 

Analysis ;  Production; Waste Disposal and Management; and Energy. A 

ma jo r i ty  of  t h e  r e fe rences  dea l  with t h e  bioenvironmental a s p e c t s  of  

232Th-228Th i n  man and animals.  The a b s t r a c t e d  r e fe rences  a r e  arranged 

by sub jec t  category;  indexes are provided f o r :  (1) au tho r s ,  ( 2 )  t i t l e ,  

and ( 3 )  keywords. The bibliography.may be searched v i a  a computerized 

information f i l e  i n  t h e  Ecological  Sciences Information Center a t  Oak 

Ridge Nat ional  Laboratory and i s  a v a i l a b l e  f o r  searching upon submission 

o f  s p e c i f i c  r e q u e s t s .  
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