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PREFACE 

T h i s  r e p o r t  i s  t h e  t h i r d  i n  a s e r i e s  o f  r e p o r t s  w r i t t e n  a s  p a r t  o f  t h e  
U n i t e d  S ta tes  Uranium R e g i s t r y  Program. 

e n t i t l e d  "Occupat ional  Exposures t o  Uranium: 
t i o n s  - A F i e l d  Study o f  t h e  Commercial Fuel Cycle," was pub l i shed  i n  A p r i l  

1981. The second r e p o r t  (USUR-02), e n t i t l e d  "An Appra i sa l  o f  Se lec ted  Ep i -  
demio log ic  Issues From Stud ies  o f  Lung Cancer Among Uranium and Hard Rock 

Miners," was pub l i shed  i n  A p r i l  1982. 

The f i r s t  r e p o r t ,  (PNL-3341 USUR-01) 

Processes, Hazards and Regula- 

v i  i 
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R A D I O L O G I C A L  HEALTH ASPECTS OF COMMERCIAL U R A N I U M  
C O N V E R S I O N ,  E N R I C H M E N T ,  AND FUEL FABRICATION 

1.0 INTRODUCTION 

The United States Uranium Registry ( U S U R )  was formed i n  1978 t o  investi-  
gate potential hazards from occupational exposure t o  uranium and  t o  assess the 
need f o r  special health-related studies of uranium workers. 
information on the behavior and effects  o f  uranium in man was emphasized a t  the 
U.S. Energy Research a n d  Development Administration's conference on occupa- 
t i o n a l  health experience w i t h  u ran ium i n  1975. In  response t o  t h i s  need, the 
U.S. Department of Energy provided funding t o  the Hanford Environmental Health 
Foundation t o  establish the USUR.  Pacific Northwest Laboratory was identified 

The need for  

the area o f  health physics. t o  provide technical support in 

The major goals o f  the Reg . characterize the processes 
uranium fuel cycle 

s t ry  are t o :  

a n d  the occupational health aspects of the 

. determine the concentration and distribution of uranium and i t s  decay 
daughters i n  the t issues of  exposed workers . identify populations suitable for special health-related studies. 

Personnel work ing  f o r  the USUR have visi ted 35 uranium f a c i l i t i e s  t o  co l -  

l ec t  information toward accomplishment of these goals. 
include currently operating commercial uranium f a c i l i t i e s  (mines, mil I s ,  con- 
version plants,  enrichment plants, and fuel fabrication plants) and several 
noncommercial and inactive uranium f a c i l i t i e s .  Information obtained t o  date 
covers general f a c i l i t y  descriptions, process descriptions, radiological expo- 
sures, regulatory requirements, radiological health practices,  nonradiological 
exposures, and occupational medicine programs. 
of the program reinforced the original sense t h a t  a post-mortem t issue program 

Fac i l i t i es  vis i ted 

The information-gathering phase 

R 1 



f o r  uranium workers i s  needed. The c u r r e n t  l a c k  o f  i n f o r m a t i o n  on t h e  depos i -  

t i o n ,  d i s t r i b u t i o n ,  and r e t e n t i o n  o f  v a r i o u s  uranium compounds i n  man g r e a t l y  

inc reases  t h e  d i f f i c u l t y  o f  deve lop ing  a p p r o p r i a t e  s tandards f o r  uranium expo- 
sure  and, consequent ly ,  worker  p r o t e c t i o n  p o l i c i e s .  

due course p r o v i d e  t h a t  i n f o r m a t i o n .  

The t i s s u e  program w i l l  i n  

1.1 SCOPE 

A summary o f  t h e  R e g i s t r y ' s  a c t i v i t i e s  i s  p rov ided  i n  a r e c e n t  r e p o r t  by 

t h e  USUR ( S t o e t z e l  e t  a l .  1981). T h i s  r e p o r t  p rov ides  more d e t a i l e d  i n f o r -  

mat ion  concern ing  occupa t iona l  exposures, h e a l t h  phys i cs  p r a c t i c e s ,  and regu-  

l a t o r y  procedures a t  commercial convers ion ,  enr ichment  and f u e l  f a b r i c a t i o n  

f a c i l i t i e s .  

r e p o r t .  

S i t e s  v i s i t s  were t h e  p r imary  source o f  i n f o r m a t i o n  f o r  t h e  

T h i s  r e p o r t  i s  d i v i d e d  i n t o  f o u r  sec t i ons .  The f i r s t  s e c t i o n  d iscusses 
h e a l t h  phys i cs  p r a c t i c e s  t h a t  a r e  common t o  the  convers ion,  enr ichment ,  and 

f u e l  f a b r i c a t i o n  phases o f  t h e  commercial uranium i n d u s t r y .  The n e x t  t h r e e  

s e c t i o n s  rev iew  process d e s c r i p t i o n s ,  r a d i o l o g i c a l  h e a l t h  p r a c t i c e s ,  and 
r e g u l a t o r y  procedures f o r  t h e  t h r e e  phases. N o n r a d i o l o g i c a l  exposures a r e  

cons idered o n l y  as they  i n f l u e n c e  t h e  i n t e r p r e t a t i o n  o f  t h e  h e a l t h  e f f e c t s  o f  

r a d i o l o g i c a l  exposures. The rev iew  o f  r e g u l a t o r y  procedures i n d i c a t e s  t h e  
types  o f  exposure e v a l u a t i o n  reco rds  b e i n g  k e p t  on uranium workers and t h e  

r e s p o n s i b i l i t y  f o r  m a i n t a i n i n g  t h e  records .  T h i s  i n f o r m a t i o n  i s  v a l u a b l e  i n  

t h e  es tab l i shmen t  o f  worker-heal  t h  s tud ies .  

1.2 SUMMARY 

T h i s  r e p o r t  focuses on t h e  convers ion ,  enr ichment ,  and f u e l  f a b r i c a t i o n  

f a c i l i t i e s  o f  t h e  commercial uranium f u e l  p r o d u c t i o n  i n d u s t r y .  The r a d i o -  

l o g i c a l  h e a l t h  p r a c t i c e s  and p o t e n t i a l  r a d i a t i o n  exposure o f  workers i n  these 

d e n t i f i e d  o n l y  as 

r a d i o 1  o g i  c a l  hazards. 

f a c i l i t i e s  a r e  emphasized. Nonrad io log  
f a c t o r s  t h a t  m igh t  i n f l u e n c e  assessment 

2 
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I 

1.2.1 Radiological Health Physics 

The four general methods used t o  identify and control radiation hazards 
f a c i l i t y  monitoring, exposure control,  exposure evaluation, and  record are: 

keepi ng.  . Facili ty monitoring. Air in the breathing zone i s  monitored for  
suspended uranium nuclides, and working locations are  surveyed for  
surface contamination o r  accumulation of  alpha, beta, or gamma- 
emitting materials. 
or measurements are selected by considering the quantit ies o f  radio- 
active materials in the production processes, the potential for  
escape from a system into the workplace, and  the proximity of the 
release t o  the worker. 

Moni to r ing  locations a n d  frequency of sampling 

. Exposure control. 
releases of radioactive material into the workers' environment. 
Respiratory protection programs a n d  protective clothing are provided. 
Training programs are used t o  help cont ro l  exposures of personnel. 

Design engineering i s  used t o  prevent and control 

. Exposure evaluation. Bioassay techniques (urinalysis and  chest 
counting) are used fo r  estimating internal depositions o f  uranium. 
External gamma monitoring i s  also used t o  determine personnel dose. 
The frequency of urinalysis for  uranium varies among the f a c i l i t i e s .  
Chest counting i s  routinely performed a t  conversion, enrichment, and  
fuel fabrication f a c i l i t i e s .  . Record keeping. Regulatory agencies require t h a t  records o f  f a c i l i t y  
monitoring and exposure evaluation d a t a  be maintained by each 
licensed f ac i l i t y .  

1 .2 .2  Radio1 ogical Exposure 

Internal deposition o f  uranium through i n h a l a t i o n  i s  the most impor tan t  
pathway of occupational exposures i n  t h i s  portion of the uranium industry. 
External radiation exposure of personnel i s  of secondary conern. Maximum 
external doses are  usually less  than  2 rem/yr. 

,P 3 



Areas i n  convers ion,  enr ichment,  and f u e l  f a b r i c a t i o n  f a c i l i t i e s  where 

i n t e r n a l  d e p o s i t i o n  o f  uranium i s  most l i k e l y  t o  occur  a r e  d iscussed below: . Conversion. I n h a l a t i o n  o f  ye l lowcake,  uranium t e t r a f l u o r i d e  (UF4) , 
uranium d i o x i d e  (UOz) , uranium t r i o x i d e  (U03) , and u r a n y l  f l u o r i d e  

(U02F2) may occur  a t  d i f f e r e n t  stages o f  t h e  convers ion process. 

a c t i v i t i e s  w i t h  t h e  g r e a t e s t  p o t e n t i a l  f o r  i n h a l a t i o n  exposures a r e  

ye l l owcake  sampling, removal o f  ash waste f o l l o w i n g  p u r i f i c a t i o n ,  and 
maintenance. 

The 

. Enrichment. The p r imary  chemical  f o rm o f  uranium t o  which workers 

a r e  exposed i s  u r a n y l  f l u o r i d e  (U02Fz) formed when uranium 

h e x a f l u o r i d e  (UFg) r e a c t s  w i t h  m o i s t u r e  i n  t h e  a i r .  

r e l e a s e  o f  UF6 may occu r  d u r i n g  sampl ing,  UF6 c y l i n d e r  l o a d i n g  and 

unloading,  and maintenance a c t i v i t i e s .  

I n a d v e r t a n t  

. Fuel F a b r i c a t i o n .  Workers may be exposed t o  ammonium d i u r a n a t e  
(ADU),  U02F2, and U02 powder. 
uranium d i o x i d e  powder d u r i n g  packaging and unpackaging, powder 
h a n d l i n g  and p e l l e t  p r o d u c t i o n ,  and maintenance a c t i v i t i e s .  

Uranium can p resen t  b o t h  a r a d i o l o g i c a l  and chemical  hazard t o  workers.  

The chemis t r y  o f  a uranium compound determines i t s  s o l u b i l i t y  i n  body f l u i d s  
and i t s  r e t e n t i o n  t i m e  i n  t h e  t i s s u e s .  Both s o l u b l e  and i n s o l u b l e  forms o f  

uranium may accumulate i n  d i f f e r e n t  p a r t s  o f  t h e  body th rough  c h r o n i c  exposure 

and remain t h e r e  f o r  l o n g  p e r i o d s ,  r e s u l t i n g  i n  a r a d i o l o g i c a l  hazard. S o l u b l e  

forms a l s o  r e p r e s e n t  a chemical  hazard t o  k idney  t i s s u e .  

i n h a l e d  uranium compounds i s  o n l y  one o f  many f a c t o r s  t o  be considered i n  
e s t i m a t i n g  dose f rom i n t e r n a l l y  d e p o s i t e d  uranium. 

The p r i m a r y  i n h a l a t i o n  hazard i s  t o  

The s o l u b i l i t y  o f  

1.2.3 N o n r a d i o l o g i c a l  Exposures 

Exposures t o  n o n r a d i o l o g i c a l  hazards i n  t h e  uranium i n d u s t r y  have been 

i n c l u d e d  i n  t h i s  s tudy because t h e y  may a f f e c t  t h e  i n t e r p r e t a t i o n  o f  t h e  h e a l t h  

e f f e c t s  o f  r a d i o l o g i c a l  exposures. 

p resen ts  t h e  g r e a t e s t  s i n g l e  p o t e n t i a l  f o r  exposure. Exposures t o  a v a r i e t y  o f  
o t h e r  chemicals and gases a r e  p o s s i b l e ;  however, c o n c e n t r a t i o n s  a re  g e n e r a l l y  

I n  t h i s  segment o f  t h e  i n d u s t r y ,  ammonia 
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n o t  a t  l e v e l s  though t  t o  be a h e a l t h  hazard. 
a r e  exposed i n c l u d e  N02-NOx, HF, f l u o r i d e s ,  and w e l d i n g  fumes. 

1.2.4 Regu la to ry  Aspects 

Other  chemicals t o  which workers 

H i s t o r i c a l l y ,  AEC and ( s i n c e  1974) NRC have been r e s p o n s i b l e  f o r  l i c e n s i n g  
and r e g u l a t i n g  commercial uranium convers ion  and f u e l  f a b r i c a t i o n  f a c i l i t i e s .  

Conversion f a c i l i t i e s  must have a source m a t e r i a l  l i c e n s e  t o  operate.  Require- 

ments f o r  t h e  l i c e n s e  a r e  g i v e n  i n  10 CFR 40. Fuel  f a b r i c a t i o n  p l a n t s  a r e  

l i c e n s e d  by NRC t o  process compounds t h a t  c o n t a i n  s p e c i a l  n u c l e a r  m a t e r i a l s .  

Procedures and c r i t e r i a  which must be met f o r  l i c e n s e e s  t o  " r e c e i v e  t i t l e  t o ,  

own, acqu i re ,  d e l i v e r ,  r e c e i v e ,  possess, use, and i n i t i a l l y  t r a n s f e r  s p e c i a l  

n u c l e a r  m a t e r i a l "  a r e  found i n  10 CFR 70. Both convers ion  and f u e l  f a b r i c a t i o n  
f a c i l i t i e s  must p e r i o d i c a l l y  renew t h e i r  o p e r a t i o n  l i c e n s e  and a r e  s u b j e c t  t o  

r o u t i n e  i n s p e c t i o n s  by  t h e  NRC. 
t h e  r a d i a t i o n  p r o t e c t i o n  standards i n  10 CFR 20.  

I n  a d d i t i o n  these f a c i l i t i e s  must comply w i t h  

Department o f  Energy owned- and c o n t r a c t o r - o p e r a t e d  f a c i l i t i e s  a r e  

r e g u l a t e d  by DOE. 
under c o n t r a c t  by a p r i v a t e  c o r p o r a t i o n .  

i t i e s  c o n t a i n  a h e a l t h  and s a f e t y  c lause  which s t i p u l a t e s  t h a t  t h e  f a c i l i t y  

w i l l  be ope ra ted  i n  accordance w i t h  DOE Orders.  

DOE f i e l d  o f f i c e  may amend DOE Orders t o  " f i t "  a p a r t i c u l a r  f a c i l i t y .  T h i s  

means t h a t  t h e  types o f  personnel  p r o t e c t i o n  programs a t  d i f f e r e n t  f a c i l i t i e s  

may v a r y  even though t h e y  a r e  a l l  operated f o r  DOE. 
f a c i l i t i e s  a r e  r o u t i n e l y  a u d i t e d  and appra i sed  by DOE. 

Such f a c i l i t i e s  a r e  n o t  f o r m a l l y  l i c e n s e d ,  b u t  a r e  operated 

A l l  c o n t r a c t s  t o  ope ra te  DOE f a c i l -  

It i s  i m p o r t a n t  t o  n o t e  t h a t  a 

DOE c o n t r a c t o r - o p e r a t e d  
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2.0 GENERAL RADIOLOGICAL HEALTH PRACTICES 

A l l  f a c i l i t i e s  i n v o l v e d  i n  t h e  p r o d u c t i o n  o f  uranium f u e l  shou ld  f o l l o w  

c e r t a i n  h e a l t h  phys i cs  procedures t o  e l i m i n a t e  unnecessary exposure t o  r a d i o -  

a c t i v e  m a t e r i a l s  and t o  document r a d i o l o g i c a l  c o n d i t i o n s .  I n  t h i s  r e p o r t ,  
r a d i a t i o n  s a f e t y  has been d i v i d e d  i n t o  f o u r  genera l  c a t e g o r i e s :  

f a c i  1 i ty  m o n i t o r i n g  . exposure c o n t r o l  

exposure e v a l u a t i o n  . r e c o r d  keeping. 

The f o l l o w i n g  s e c t i o n s  p r o v i d e  an overv iew o f  r a d i o l o g i c a l  h e a l t h  p rac -  

t i c e s  t h a t  a r e  common t o  convers ion,  enr ichment,  and f u e l  f a b r i c a t i o n  phases o f  

t h e  uranium i n d u s t r y .  

s e c t i o n s  3.0 th rough  5.0. 

More d e t a i l e d  i n f o r m a t i o n  on each phase i s  p r o v i d e d  i n  

2.1 FACILITY MONITORING 

The most s i g n i f i c a n t  pathway o f  exposure t o  r a d i o a c t i v e  m a t e r i a l s  a t  u r a -  

nium f u e l  p r o d u c t i o n  f a c i l i t i e s  i s  t h e  i n h a l a t i o n  o f  a i r b o r n e  uranium corn- 

pounds. 
daughters.  
a i r b o r n e  uranium, uranium s u r f a c e  con tamina t ion ,  and t h e  whole-body dose r a t e  

from gamma r a d i a t i o n .  

Secondary i s  t h e  exposure t o  gamma rays  f r o m  uranium and uranium 

T h i s  s e c t i o n  desc r ibes  t h e  c u r r e n t  p r a c t i c e s  used t o  m o n i t o r  f o r  

The main o b j e c t i v e  o f  t h e  f a c i l i t y  m o n i t o r i n g  program i s  t o  p r o v i d e  a s a f e  

work ing  environment.  

w i t h  t h e  most accu ra te  i n f o r m a t i o n  r e g a r d i n g  t h e  amount and l o c a t i o n  o f  r a d i o -  

l o g i c a l  hazards. 

t h e  a c t u a l  work ing  environment.  

T h i s  can be achieved by p r o v i d i n g  t h e  h e a l t h  p h y s i c i s t  

Samples taken  i n  t h e  workplace shou ld  be r e p r e s e n t a t i v e  o f  

M o n i t o r i n g  and sampl ing l o c a t i o n s  and f requency a r e  determined by  each 

company and a r e  i n c l u d e d  i n  t h e  l i c e n s e  a p p l i c a t i o n .  

s e l e c t e d  by c o n s i d e r i n g  1) t h e  q u a n t i t y  o f  r a d i o a c t i v e  m a t e r i a l s  i n  t h e  produc- 

t i o n  process, 2 )  t h e  p o t e n t i a l  f o r  r e l e a s e  o f  r a d i o a c t i v e  m a t e r i a l s  i n t o  t h e  

work ing  environment,  and 3 )  t h e  p r o x i m i t y  o f  r a d i o a c t i v e  m a t e r i a l  t o  t h e  worker.  

M o n i t o r i n g  l o c a t i o n s  a r e  
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A i r  samples a r e  g e n e r a l l y  taken a t  o r  above t h e  b r e a t h i n g  zone. 

f o r  beta-gamma r a d i a t i o n  i s  performed one meter above t h e  f l o o r ,  r o u g h l y  t h e  
h e i g h t  o f  t h e  r e p r o d u c t i v e  organs. The f requency o f  m o n i t o r i n g  and sampl ing i s  

determined by t h e  magnitude o f  t h e  c o n c e n t r a t i o n  o f  a i r b o r n e  r a d i o a c t i v e  mate- 

r i a l s  and t h e  p o t e n t i a l  f o r  worker exposure. 

M o n i t o r i n g  

A d i s c u s s i o n  o f  f a c i l i t y  m o n i t o r i n g  may be d i v i d e d  i n t o  t h r e e  genera l  

c a t e g o r i e s :  

a i r b o r n e  p a r t i c u l a t e  sampl ing 

surveys f o r  s u r f a c e  con tamina t ion  c o n t r o l  

rn e x t e r n a l  gamma r a d i a t i o n  s u r v e i  11 ance. 

2.1.1 A i r b o r n e  P a r t i c u l a t e  Sampling 

The a i r  i n  t h e  work ing environment i s  mon i to red  and sampled t o  determine 

t h e  c o n c e n t r a t i o n s  o f  uranium compounds (U308, U03, U02, UF4) t h a t  a r e  p resen t .  

A v a r i e t y  o f  samplers a r e  used, i n c l u d i n g  p o r t a b l e  and f i x e d  l o c a t i o n  a i r  

f i l t e r  pumps and l a p e l  samplers. Lapel  and h i g h  volume samplers a r e  commonly 

used d u r i n g  s p e c i a l  maintenance a c t i v i t i e s  and i n  areas o f  p o t e n t i a l  a i r b o r n e  

re leases  n o t  mon i to red  by f i x e d - l o c a t i o n  i ns t rumen ts .  

The sampl ing media may be c e l l u l o s e  ace ta te ,  g l a s s  f i b e r ,  o r  membrane 

( m i l l i p o r e )  a i r  f i l t e r s ,  t h e  t y p e  used depending on t h e  method o f  a n a l y s i s .  

Two c u r r e n t  methods a r e  f l u o r o m e t r y  and d i r e c t  a lpha  coun t ing .  
t i o n s  a r e  u s u a l l y  r e p o r t e d  i n  u n i t s  o f  m i c r o c u r i e s  (pCi )  o f  a c t i v i t y  p e r  m i l l i -  
l i t e r  ( m a )  o f  a i r .  

A i r  concentra-  

2.1.2 Survevs f o r  t h e  Con t ro l  o f  Sur face Contaminat ion 

Surveys f o r  s u r f a c e  con tamina t ion  a r e  conducted r e g u l a r l y  i n  a l l  areas 
where r a d i o a c t i v e  con tamina t ion  may be p resen t ,  s i n c e  s u r f a c e  con tamina t ion  

i nc reases  t h e  l i k e l i h o o d  o f  i n h a l a t i o n  o r  i n g e s t i o n  o f  smal l  q u a n t i t i e s  o f  
uranium. 

as l unch  rooms and a d m i n i s t r a t i v e  o f f i c e s .  

Area surveys a r e  a l s o  r e g u l a r l y  conducted i n  u n r e s t r i c t e d  areas such 

Of ten,  con tamina t ion  may be d e t e c t e d  v i s u a l l y  ( e s p e c i a l l y  w i t h  y e l l o w -  
cake).  I n  i ns tances  where i t  i s  n o t  v i s i b l e ,  con tamina t ion  i s  d e t e c t e d  u s i n g  

a lpha and beta-gamma survey i ns t rumen ts  and f i l t e r - s m e a r  sampl ing techniques.  
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2 2 Contaminat ion o f  l e s s  than 4 pCi/cm (10 dpm/cm ) i n d i c a t e s  good housekeeping 

and a success fu l  con tamina t ion  c o n t r o l  program (USNRC 1977) .  

2.1.3 Ex te rna l  Gamma R a d i a t i o n  S u r v e i l l a n c e  

E x t e r n a l  gamma r a d i a t i o n  l e v e l s  a t  l o c a t i o n s  th roughout  t h e  f a c i l i t y  a r e  

determined by u s i n g  p o r t a b l e  survey i ns t rumen ts  o r  by u s i n g  thermoluminescent  

dos imeter  c h i p s  (TLDs) o r  f i l m  dos imeters.  

Ge iger -Mue l le r  (GM) counters  and s c i n t i l l a t i o n  counters  (e.g. , Micro-R Mete r )  

p r o v i d e  an ins tan taneous measurment o f  beta-gamma l e v e l s .  
p r o v i d e  t i m e - i n t e g r a t e d  beta-gamma l e v e l s .  

e t e r s  a r e  eva lua ted  a t  r e g u l a r  i n t e r v a l s ,  which va ry  f rom weekly t o  annual 
depending on t h e  exposure p o t e n t i a l  a t  a g i ven  l o c a t i o n .  

t asks  f r e q u e n t l y  r e q u i r e  more s p e c i f i c  r a d i a t i o n  mon i to r i ng ,  b u t  t h e  same types  

o f  i ns t rumen ts  a r e  used. 

P o r t a b l e  survey i s t r u m e n t s  such as 

TLDs o r  f i l m  w i l l  
Survey read ings  a r e  taken and dosim- 

Spec ia l  maintenance 

Survey r e s u l t s  a r e  recorded and ma in ta ined  acco rd ing  t o  r e g u l a t i o n s .  Man- 
agement personnel a r e  r e q u i r e d  t o  p e r i o d i c a l l y  a u d i t  survey da ta  and assure 

t h a t  survey i ns t rumen ts  a r e  c a l i b r a t e d  r e g u l a r l y .  

2.2 EXPOSURE CONTROL 

The purpose o f  a r a d i a t i o n  p r o t e c t i o n  program i s  t o  i n s u r e  t h a t  workers 
a r e  n o t  exposed t o  r a d i o a c t i v e  m a t e r i a l s  o r  i o n i z i n g  r a d i a t i o n  a t  l e v e l s  t h a t  

c o u l d  adve rse l y  a f f e c t  t h e i r  h e a l t h .  A l though r e c e n t  research  has inc reased 

t h e  i n d u s t r y ' s  awareness o f  t h e  hazards o f  exposure t o  uranium compounds, i t  

has n o t  e s t a b l i s h e d  t h e  l ower  l e v e l s  o f  c h r o n i c  exposure a t  which no e f f e c t s  

a r e  observable.  Hence, t h e  concept  o f  m a i n t a i n i n g  exposures as low as i s  

reasonably  ach ievab le  (ALARA) forms t h e  b a s i s  o f  r a d i o l o g i c a l  s a f e t y .  

The uranium i n d u s t r y  has a r e c o r d  o f  reduc ing  worker  exposures o v e r  t h e  

years .  

c o n t r o l  program c o n s i s t i n g  o f :  
That r e d u c t i o n  has occu r red  as a r e s u l t  o f  a four -e lement  exposure 

. design  eng ineer ing  . use o f  r e s p i r a t o r y  p r o t e c t i o n  . contaminat ion  c o n t r o l  

employee t r a i n i n g .  
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2.2.1 Design Eng ineer ing  

Three genera l  areas a r e  s t r e s s e d  i n  d e s i g n i n g  t h e  uranium p r o d u c t i o n  

1) process equipment designed t o  ensure a g a i n s t  l e a k s  o r  r e l e a s e  o f  
f a c i l i t i e s  t o  reduce employee exposures t o  r a d i o a c t i v e  m a t e r i a l s  and i o n i z i n g  

r a d i a t i o n :  
powders (conta inment  d e p e n d a b i l i t y ) ,  2 )  d u s t  c o l l e c t i o n  systems, and 3 )  i n d o o r  

area v e n t i l a t i o n  and exhaust systems. There fo re ,  convers ion,  enr ichment ,  and 

f u e l  f a b r i c a t i o n  processes a r e  a l l  engineered t o  be performed i n  c l o s e d  

systems. 
a t  f eed  l o a d i n g  and p r o d u c t  c o l l e c t i o n  p o i n t s  and d u r i n g  maintenance o p e r a t i o n s  

when i t  i s  necessary t o  breach containment.  

2.2.2 R e s p i r a t o r y  P r o t e c t i o n  

D i s p e r s i b l e  uranium dus ts  o r  aeo rso l s  a r e  g e n e r a l l y  c o n t a i n e d  except  

S ince t h e  r a d i o t o x i c o l o g i c a l  e f f e c t s  o f  c h r o n i c  i n h a l a t i o n  o f  uranium a r e  

n o t  w e l l  known and t h e  chemical t o x i c i t y  o f  uranium compounds taken i n t o  t h e  

body may be g r e a t e r  t han  t h e  r a d i o l o g i c a l  t o x i c i t y ,  i t  i s  always p ruden t  t o  

p r o v i d e  a measure o f  r e s p i r a t o r y  p r o t e c t i o n  f o r  uranium workers.  
can be prevented by f o l l o w i n g  a s u i t a b l e  r e s p i r a t o r y  p r o t e c t i o n  program super-  

v i s e d  and en fo rced  by management. 

The use o f  r e s p i r a t o r s  i s  r e q u i r e d  d u r i n g  hazardous maintenance o p e r a t i o n s  

and a t  a l l  t imes  i n  those areas o f  t h e  p l a n t  where c o n t r o l s  a r e  i n s u f f i c i e n t  t o  

m a i n t a i n  genera l  a i r  uranium c o n c e n t r a t i o n s  c o n s i s t e n t l y  below a l l o w a b l e  l i m i t s  

as g i v e n  i n  10 CFR 20 Appendix B. F a c i l i t i e s  should p r o v i d e  t r a i n i n g  t o  workers 

i n  t h e  p r o p e r  care,  s torage,  and f i t t i n g  o f  r e s p i r a t o r y  dev ices.  
f o r  r e s p i r a t o r s  a r e  found i n  T i t l e  29 Code of Fede ra l  R e g u l a t i o n s  P a r t  1910.134. 

Regu la to ry  Guide 8.15 (U.S NRC 1976), NUREG-0041 (U.S. NRC 1976) and A N S I  Stan- 
dard 288.2 ( A N S I  1980) p r o v i d e  a d d i t i o n a l  guidance. 

2.2.3 Contami n a t  i on Con t ro l  

Most exposure 

Requirements 

The purpose o f  con tamina t ion  c o n t r o l  i s  t o  l i m i t  t h e  q u a n t i t i e s  o f  r a d i o -  
a c t i v e  m a t e r i a l s  t h a t  may a t  some t i m e  e n t e r  t h e  body th rough  i n g e s t i o n  o r  
i n h a l a t i o n .  Dust c o n t r o l  methods have a l r e a d y  been ment ioned I n e v i t a b l y ,  

t o o l s  and machinery, f l o o r s ,  worke rs '  c l o t h i n g  and shoes, and o t h e r  su r faces  

near  t h e  process equipment w i l l  become contaminated w i t h  smal amounts o f  
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radioactive material. 
and unloading areas of conversion f a c i l i t i e s .  
down with water a t  regular intervals t o  recover the product a n d  prevent the 
uranium from becoming airborne. 
vent the spread of radioactive material from the process area t o  administrative 
off ices ,  lunch rooms, laboratories,  and t o  prevent contamination of s t r ee t  
clothing and items taken from the mill for  repair or disposal. 

For example, t h i s  could occur in the yellowcake sampling 
These areas are usually washed 

The objectives o f  these measures are t o  pre- 

Overalls or other work clothing should be of i s  provided and laundered by 
the plant daily. 
zone between the process and administration areas. 
required t o  wear clothing and boots supplied by the company, and must change 
and shower before leaving a t  the end of the work s h i f t .  
workers are instructed t o  change clothing and scrub hands, arms, and face tho r -  
oughly before going t o  lunch. 

Change rooms with lockers should be o r  i s  located in a buffer 
The worker i s  usually 

Where necessary, 

2.2.4 Training 

Uranium production f a c i l i t i e s  are required by the licensing authority 
t o  provide a radiological protection training program fo r  a l l  employees who 
work with o r  around radioactive materials. New employee orientation should 
begin before the worker i s  assigned t o  potentially hazardous areas. Periodic 
(usual ly annual ) testing of the employee' s know1 edge and ski 11 s a n d  continued 
on-the-job training are  also required. The f a c i l i t y  must issue a description 
of the training program (including copies o f  radiological safety instructions 
given t o  each employee) when submitting application fo r  an operating 1 icense. 
The following items are included: 

personal hygiene, including on-site washing and showering . surveying for  contamination prior t o  eating or leaving the plant . instructions for  wearing personnel monitoring devices a n d  
respirators 

instructions for  good housekeeping and contamination control. 

10 
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Since t h e  l a b o r e r  may n o t  be f a m i l i a r  w i t h  i o n i z i n g  r a d i a t i o n ,  t h e  b a s i c  

t r a i n i n g  program a1 so i n c l  udes : . genera l  h e a l t h  e f f e c t s  o f  r o u t i n e  occupa t iona l  exposure, overexpo- 

sure,  and c h r o n i c  exposure t o  r a d i o a c t i v e  m a t e r i a l s  

emergency procedures . purpose and use o f  p r o t e c t i v e  c l o t h i n g  . d e s c r i p t i o n  o f  t h e  company's medical  program . t h e  impor tance o f  f o l l o w i n g  i n s t r u c t i o n s  and workplace r u l e s .  

A l l  uranium f a c i l i t i e s  have i n s t i t u t e d  t r a i n i n g  programs. Some, f o r  

example, g i v e  24 c l a s s  hours o f  new employee i n d o c t r i n a t i o n  w i t h  f o l l o w - u p  

8-hour  r e f r e s h e r  courses ( w i t h  exams) a n n u a l l y .  

i n g  program fo rma t  s u i t e d  t o  i t s  own s p e c i f i c  needs. 

then approved by  t h e  r e g u l a t i n g  agency. 

Each company s e l e c t s  t h e  t r a i n -  

The t r a i n i n g  program i s  

2.3 EXPOSURE EVALUATION 

Exposures t o  r a d i o a c t i v e  sources a r e  es t ima ted  1) f rom r a d i o a c t i v e  mate- 

r i a l s  depos i ted  i n  t h e  body p r i m a r i l y  by  i n h a l a t i o n  and 2 )  f rom p e n e t r a t i n g  

r a d i a t i o n  emanating f rom m a t e r i a l s  o u t s i d e  t h e  body. 

The r e t e n t i o n ,  metabolism, and u l t i m a t e  t o x i c i t y  o f  uranium and i t s  asso- 

c i a t e d  decay s e r i e s  p roduc ts  depend upon t h e  chemical  forms and s p e c i f i c  a c t i v -  

i t i e s  o f  these elements.  The chemis t r y  o f  uranium determines i t s  s o l u b i l i t y  i n  
body f l u i d s  and hence i t s  r e t e n t i o n  t i m e  i n  body t i s s u e s .  A l though t h e  s p e c i f i c  

a c t i v i t y  o f  n a t u r a l  uranium i s  ex t reme ly  l ow  (1 .5  a lpha dpm/ug), i n s o l u b l e  

forms o f  uranium may remain i n  t h e  body f o r  l o n g  p e r i o d s  o f  t i m e  and accumulate 
d u r i n g  p e r i o d s  o f  c h r o n i c  exposure. 

more r a p i d l y  and may damage k idney  c e l l s  i n  t h e  process. 

S o l u b l e  uranium compounds l e a v e  t h e  body 

Table 2.1 p resen ts  a c l a s s i f i c a t i o n  scheme f o r  s o l u b i l i t i e s  o f  uranium 

compounds i n  t h e  l u n g  (ICRP 1966) a l o n g  w i t h  s e l e c t e d  uranium compounds i n  each 

c l a s s i f i c a t i o n  (AEC 1974, Ka lkwar f  1979). 
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TABLE 2.1. S o l u b i l i t y  C l a s s i f i c a t i o n  o f  Se lec ted  Uranium Compounds 

C1 ass D - Sol u b l  e ( t r a n s p o r t e d )  compounds - s o l  u b i  1 i ty  ha1 f - 1  i f e  

( t i m e  f o r  h a l f  o f  t h e  compound t o  be d i s s o l v e d  i n  l u n g  f l u i d s )  o f  

1 t o  10 days. 
Ammonium d i u r a n a t e  (ADU) ( "4 )$J207 

Uranium h e x a f l u o r i d e  F6 

Uranium t r i o x i d e  "O3 

Uranyl  c h l o r i d e  uo2c1 2 

uo2F2 

Uranyl  a c e t a t e  

Uranyl  f 1 u o r i  de 

Uranyl  n i t r a t e  

UO2 ( C2H302 12 

UO2 ( NO3 ) 2 
Uranyl  s u l f a t e  U02S04 

Class W - moderate ly  s o l u b l e  ( s l o w l y - t r a n s p o r t a b l e )  compounds - e s t i -  
mated s o l u b i l i t y  h a l f - l i f e  o f  10 t o  100 days i n c l u s i v e .  

Uranium d i o x i d e  uo2 
Uranium t e t r o x i d e  u04 

Class Y - 
- es t ima ted  s o l u b i l i t y  h a l f - l i f e  o f  g r e a t e r  than 100 days. 

r e l a t i v e l y  i n s o l u b l e  ( v e r y  s l o w l y - t r a n s p o r t a b l e )  compounds 

Uran i  um a1 umin ide U A l x  

Uranium c a r b i d e  uc2 

Uranium d i o x i d e  ( h i g h - f i r e d )  uo2 

Uranium t e t r a f l u o r i d e  uF4 

Uranium o x i d e  '3'8 

Uran i  urn-z i r c o n i  um a1 1 oy U Z r  

Personnel dos imeters  (TLDs o r  f i l m  badges) p e r m i t  d e t e r m i n a t i o n  o f  e x t e r n a l  

exposures t o  gamma r a d i a t i o n .  

t h e  q u a n t i t y  of r a d i o a c t i v e  m a t e r i a l  p resen t  i n  t h e  body a t  t h e  t ime  o f  i n t a k e  

and t h e  l e n g t h  o f  t i m e  i t  remains i n  t h e  body. 
measured u s i n g  b ioassay o f  e x c r e t a  a n a l y s i s  (e.g., u r i n a l y s i s )  o r  i n - v i v o  l u n g  

count ing .  

I n t e r n a l  exposure i s  es t ima ted  by de te rm in ing  

The r a d i o a c t i v e  m a t e r i a l s  a r e  

U r i n a l y s i s  i s  a common method o f  de te rm in ing  whether uranium has 
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been taken i n t o  t h e  body, b u t  i t  cannot be r e l i e d  upon alone. 

f r e q u e n t l y  than  b iweek ly ,  an a c c i d e n t a l  i n h a l a t i o n  o f  a uranium compound c o u l d  

go undetected. For  t h i s  reason, combinat ions o f  o t h e r  techniques may be used 

as w e l l ,  i n c l u d i n g  r e g u l a r  f a c i l i t y  a i r  m o n i t o r i n g  and r e c o r d i n g  

t i m e  spent  i n  t h e  mon i to red  area (MPC-hrs),(a) worker l u n g  coun t ing ,  f e c a l  

sampling, and nasal  smears. 

I f  done l e s s  

o f  worker  

The f o l l o w i n g  s e c t i o n s  p r o v i d e  a b r i e f  rev iew  o f  b ioassay programs and 

e x t e r n a l  gamma personnel  m o n i t o r i n g  programs a t  uranium p r o d u c t i o n  f a c i l i t i e s .  

2.3.1 Bioassay Programs 

Bioassays may be e i t h e r  d i r e c t  o r  i n d i r e c t  assessments o f  r a d i o a c t i v e  

m a t e r i a l s  i n  t h e  body. One d i r e c t  b ioassay i s  c h e s t  coun t ing .  I n d i r e c t  

assessments i n c l u d e  measurement o f  t h e  r a d i o a c t i v i t y  c o n t e n t  o f  e x c r e t a  ( u r i n e  

and f e c e s ) ,  b lood,  b r e a t h  o r  t i s s u e  samples. 

i n d i c a t i o n  o f  t h e  amount o f  r a d i o a c t i v e  m a t e r i a l  t h a t  has l e f t  t h e  body. To 
determine body burdens f rom u r i n a l y s i s  o r  a n a l y s i s  o f  feces,  one must t u r n  t o  

accepted b i o l o g i c a l  e x c r e t i o n  models and c a l c u l a t e  back t o  t h e  body burden t h a t  

would have r e s u l t e d  i n  t h e  observed e x c r e t i o n .  

used t o  e v a l u a t e  uranium d e p o s i t i o n s  i n  workers a r e  found i n  seve ra l  I C R P  

p u b l i c a t i o n s  ( I C R P  1966, 1972, 1977, and 1979). 

An e x c r e t e d  sample g i v e s  an 

The models and assumptions 

A minimum bioassay program may be i n s t i t u t e d  i f  t h e  q u a r t e r l y  a i r  sampl ing 

shows t h a t  t h e  average a i r b o r n e  uranium c o n c e n t r a t i o n  i n  t h e  w o r k e r ' s  b r e a t h i n g  

zone does n o t  exceed 10% o f  t h e  a p p r o p r i a t e  Der i ved  A i r  Concen t ra t i on  (DAC) 
g i v e n  i n  Appendix B o f  10 CFR P a r t  20, and i f  t h e  maximum r e s u l t  o b t a i n e d  t o  

c a l c u l a t e  t h e  average does n o t  exceed 25% o f  t h e  DAC. The minimum bioassay 
program c o n s i s t s  o f  an annual o r  semiannual u r i n e  sampl ing o f  a l l  workers and 

a more f r e q u e n t  sampl ing p r o t o c o l  f o r  those who may be exposed t o  h ighe r - than -  
average uranium c o n c e n t r a t i o n s  (U.S. AEC 1974a, U.S. AEC 1974b). 

( a )  MPC-hrs r e p r e s e n t  t h e  p roduc t  o f  a worker l o c a t i o n  a i r  c o n c e n t r a t i o n  and 
t h e  t i m e  spent by t h e  worker  i n  t h a t  areall F o r  example, i f  t h e  average 
uranium c o n c e n t r a t i o n  i n  a i r  were 5 x 10- p C i / m a  (0.5 MPC) a t  a g i v e n  
work l o c a t i o n  and t h e  worker  spent  8 hours i n  t h a t  l o c a t i o n ,  h i s  exposure 
would be 4 MPC-hours. 
8 MPC-hrs. 

The maximum a l l o w a b l e  MPC-hrs/8-hr work day i s  

P 13 



2.3.1.1 U r i n a l y s i s  

Frequency o f  u r i n a l y s i s  i s  an i m p o r t a n t  c o n s i d e r a t i o n .  Delays between 

i n t a k e  and sampl ing beyond f o u r  days a r e  u n d e s i r a b l e  because uranium may be 

e x c r e t e d  d u r i n g  t h e  delay,  and thus  go undetected.  Workers i n  areas w i t h  a 

p o t e n t i a l  f o r  i n h a l a t i o n  o f  s o l u b l e  uranium compounds g e n e r a l l y  g i v e  u r i n e  

samples b iweek ly  t o  reduce t h e  p o s s i b i l i t y  o f  an undetected i n t a k e .  

Labora to ry  methods f o r  de te rm in ing  uranium c o n c e n t r a t i o n s  i n  t h e  u r i n e  a r e  

Sam- 

o p t i o n a l  w i t h  t h e  f a c i l i t y ,  and a r e  n o t  s p e c i f i e d  i n  t h e  r e g u l a t o r y  guides. 

U l t r a v i o l e t  f l u o r o m e t r y  ( H a r l e y  1972) i s  most o f t e n  t h e  method o f  choice.  

p l e s  may be analyzed o n s i t e  o r  s e n t  t o  a vendor. 

t i v e  a c t i o n s  based on u r i n a l y s e s  i s  p r o v i d e d  i n  U.S. AEC (1974b) and U.S. NRC 
(1978) (see Table 2.2). 

Federal  guidance f o r  c o r r e c -  

2.3.1.2 Lung Count ing 

A f e w  uranium f u e l  c y c l e  f a c i l i t i e s  have t h e  c a p a b i l i t y  and equipment t o  
perform on s i t e  i n - v i v o  ches t  coun t ing .  The s e r v i c e  i s  a l s o  a v a i l a b l e  f r o m  

s p e c i a l i z e d  subcon t rac to rs ,  one o f  which i s  equipped w i t h  m o b i l e  whole-body 

c o u n t i n g  l a b o r a t o r i e s .  

The i n  v i v o  measurement f o r  i n t e r n a l l y  d e p o s i t e d  uranium i s  performed 
u s i n g  sodium i o d i d e  ( t h a l l i u m  a c t i v a t e d )  s o l  i d  c r y s t a l  o r  phoswich d e t e c t o r s  

and a m u l t i c h a n n e l  ana lyze r .  S ince t h e  a lpha emiss ions o f  238U do n o t  pene- 
t r a t e  t h e  c h e s t  w a l l ,  t h e  measurement o f  uranium i n  t h e  lungs i s  based upon 
d e t e c t i o n  o f  e i t h e r  t h e  186 keV photon f rom 235U o r  t h e  two photons f rom 234Th 

a t  63 keV and 93 keV. 

p o t e n t i a l l y  en te red  t h e  body, t h e  q u a n t i t y  o f  i s o t o p e  235U may v a r y  depending 

upon whether t h e  uranium i s  enr iched,  depleted,  o r  o f  a n a t u r a l  abundance. 
uranium m a t e r i a l  w i l l  c o n t a i n  a n a t u r a l  abundance (0.72%) o f  235U. The photon 

f o r  ches t  c o u n t i n g  measurements w i l l  u s u a l l y  be t h e  235U photon i f  t h e  e n r i c h -  

ment i s  g r e a t e r  t han  2%. 

based on t h e  t y p e  o f  measur ing equipment a v a i l a b l e ,  p o s s i b i  i t y  o f  e x t e r n a l  

Depending upon t h e  source of t h e  uranium t h a t  has 

The 

I n  o t h e r  s i t u a t i o n s ,  t h e  c o u n t i n g  procedure must be 

contaminat ion,  and e x t e r n a l  background l e v e l s .  

Federal  guidance f o r  c o r r e c t i o n ,  a c t i o n s  based on whole 

p r o v i d e d  i n  U.S. AEC (1974b) and U.S. AEC (1978) (see Table 

14 

body counts  i s  

2.3). 



TABLE 2.2. Corrective Actions Based on Urinary Uranium Concentration Results (U.S. NRC 1978) 

U r i n a r y  Uranium Concent ra t ion  I n t e r p r e t a t i o n  Ac t i ons  

Less than 15 ug/k 

15 t o  30 ug/k 

Greater  than 30 pg/k 

Uranium conf inement and a i r  sampling 
c a p a b i l i t i e s  a r e  adequate. 

Uranium conf inement and perhaps a i r  
sampling c a p a b i l i t i e s  do n o t  p rov ide  an 
adequate marg in  o f  sa fe ty . (a )  

None 

1. Conf i rm r e s u l t s  ( repea t  u r i n a l -  
y s i  s ) .  

2. Determine why a i r  samples were 
n o t  r e p r e s e n t a t i v e  and d i d  n o t  
warn o f  excessive concen t ra t i ons  
o f  a i r b o r n e  uranium. Make 
c o r r e c t i o n s .  

3. I d e n t i f y  t h e  cause o f  a i r b o r n e  
uranium and i n i t i a t e  a d d i t i o n a l  
c o n t r o l  measures. 

4. Determine whether o t h e r  workers 
cou ld  have been exposed and 
per fo rm bioassay measurements 
f o r  them. 

5. Consider work assignment l i m i t a -  
t i o n s  t o  ensure t h e  worker does 
n o t  exceed urinary uranium con- 
c e n t r a t i o n  o f  30 ug/k. 

1. Take the  a c t i o n s  g iven above f o r  

2. Continue opera t i ons  o n l y  i f  i t  
i s  v i r t u a l l y  c e r t a i n  t h a t  no 
o t h e r  worker w i l l  exceed a u r i -  
nary  uranium concen t ra t i on  o f  
30 u g l t .  

Uranium conf inement and perhaps a i r  
sampling ca b i l i t i e s  a re  no t  15 t o  30 ug/k. 
acceptable.(% 

Greater  than 30 u g / a  f o r  
f o u r  consecut ive  specimens 
o r  g r e a t e r  than 130 p g / t  f o r  
any specimen 

( a )  Unless t h e  r e s u l t  was a n t i c i p a t e d  and caused by c o n d i t i o n s  a l ready  cor rec ted .  

P o s s i b i l i t y  o f  k idney  damage t o  worker. 1. Take t h e  a c t i o n s  g iven above. 
2. Have a d d i t i o n a l  u r i n e  specimen 

t e s t e d  f o r  a lbuminur ia .  



TABLE 2.3. C o r r e c t i v e  Ac t i ons  Based on In -V ivo  Results (U.S. NRC 1978) 

U r i n a r y  Uranium Concent ra t ion  I n t e r p r e t a t i o n  Ac t i ons  

Below 9 nCi o f  uranium T h i s  r e s u l t  does n o t  necessa r i l y  i n d i -  Rely on u r i n a l y s i s  r e s u l t s  t o  
ca te  t h a t  uranium confinement and a i r  determine c o r r e c t i v e  ac t i ons .  
sampling c a p a b i l i t i e s  a re  confirmed. 

9 t o  15 nCi 

More than 16 nCi 

Confinement and 
i t i e s  u n r e l i a b l e g a )  Uranium a c t i v i t y  
i n  lungs  undes i rab l y  h igh .  

i r sanipl i ng capabi 1 - 

Confinement a d a i r  sampling not 
acceptabl  e . (a r  

~~ 

( a )  Unless t h e  r e s u l t  was a n t i c i p a t e d  and caused by c o n d i t i o n s  a l ready  co r rec ted .  

1. Conf i rm r e s u l t  ( repea t  measure- 
ment). 

2 .  Determine why a i r  samples were 
n o t  r e p r e s e n t a t i v e  and d i d  n o t  
warn o f  excess ive  a i r b o r n e  
uranium. Make c o r r e c t i o n s .  

3. I d e n t i f y  t h e  cause o f  a i r b o r n e  
uranium and i n i t i a t e  a d d i t i o n a l  
c o n t r o l  measures. 

4 .  Determine whether o t h e r  workers 
cou ld  have been exposed and 
per fo rm bioassay measurements 
f o r  them. 

5. Consider work assignment l i m i t a -  
t i o n s  t h a t  w i l l  p e r m i t  t h e  l u n g  
burden t o  be reduced th rough 
n a t u r a l  e l i m i n a t i o n ;  ensure t h a t  
t h e  l ung  burden does n o t  exceed 
16 nCi. 

1. Take t h e  a c t i o n s  l i s t e d  above 
f o r  9 t o  16 nCi. 

2. E s t a b l i s h  work r e s t r i c t i o n s  f o r  
a f f e c t e d  workers. (Normal ly,  
workers w i t h  a l u n g  burden 
g r e a t e r  than 16 nCi a re  n o t  
a l lowed by t h e i r  employer t o  
resume work i n  a i r b o r n e  a c t i v i t y  
areas u n t i l  t h e  burden i s  
reduced t o  l e s s  than 9 nCi . )  

3. Perform i n d i v i d u a l  case s t u d i e s  
(b ioassays)  f o r  a f f e c t e d  workers. 

4. Cont inue opera t i ons  o n l y  when i t  
i s  v i r t u a l l y  c e r t a i n  no add i -  
t i o n a l  workers w i  11 exceed 
16 nCi. 



2.3.2 Ex te rna l  Exposures 

There a r e  two b a s i c  methods f o r  de te rm in ing  e x t e r n a l  gamma r a d i a t i o n  

One method i n v o l v e s  p r o v i d i n g  

These may c o n s i s t  o f  r a d i o s e n s i t i v e  

The second method 

exposure a t  uranium p r o d u c t i o n  f a c i l i t i e s .  
employees w i t h  personnel  dos imeters which i n t e g r a t e  each i n d i v i d u a l  Is e x t e r n a l  

exposure t o  gamma r a d i a t i o n  on t h e  j ob .  

f i l m  ( f i l m  badges) o r  thermoluminescent dos imeter  (TLDs). 

used i n f r e q u e n t l y  c a l c u l a t e s  employee exposures by  u s i n g  area m o n i t o r i n g  da ta  

f o r  e x t e r n a l  r a d i a t i o n  and t h e  t i m e  spent  by each employee i n  t h e  p a r t i c u l a r  

work ing  area. Employee exposure t o  p e n e t r a t i n g  e x t e r n a l  r a d i a t i o n  i s  l i m i t e d  

t o  5 rem p e r  yea r ,  o r  approx imate ly  2.5 mrem p e r  work ing  hour  (10 CFR 20).  

2.3.3 Record Keepi ng 

T i t l e  10 Code o f  Federa l  Regu la t ions  P a r t  20.401 r e q u i r e s  each l i c e n s e d  

uranium convers ion  and f u e l  f a b r i c a t i o n  f a c i l i t y  t o  m a i n t a i n  c a r e f u l  reco rds  
showing r a d i a t i o n  exposures o f  a l l  i n d i v i d u a l s  f o r  whom personnel  m o n i t o r i n g  i s  

requ i red .  These records  s h a l l  be kep t  u n t i l  t h e  NRC a u t h o r i z e s  d i s p o s i t i o n .  

A lso,  t h e  f a c i l i t i e s  must m a i n t a i n  r e s u l t s  o f  r a d i a t i o n  surveys,  m o n i t o r i n g ,  

and d i s p o s i t i o n s  o f  r a d i o a c t i v e  m a t e r i a l s .  T h i s  i n c l u d e s  b ioassay  r e s u l t s .  

Records must be prepared acco rd ing  t o  recommendtions o f  t h e  American N a t i o n a l  

Standards I n s t i t u t e  ( A N S I  No. 13.6, 1966, " P r a c t i c e  f o r  Occupat ional  R a d i a t i o n  

Exposure Records Systems") and must be kep t  on f i l e  f o r  a t  l e a s t  two years .  

Most f a c i l i t i e s ,  however, w i l l  m a i n t a i n  these records  i n d e f i n i t e l y .  Enrichment 

f a c i l i t i e s  which a r e  r e g u l a t e d  by  t h e  Department o f  Energy must keep t h e i r  

personnel exposure records  f o r  75 years  (DOE Order 1324.2, Chapter 5 ) .  

A l i c e n s e d  n u c l e a r  f a c i l i t y  must immedia te ly  r e p o r t  t o  t h e  r e g u l a t o r y  
agency any l o s s ,  t h e f t ,  o r  a c c i d e n t a l  r e l e a s e  o f  r a d i o a c t i v e  m a t e r i a l s .  I n  

a d d i t i o n ,  any overexposures, o r  c o n d i t i o n s  t h a t  c o u l d  expose i n d i v i d u a l s  t o  

r a d i a t i o n  l e v e l s  i n  excess o f  maximum p e r m i s s i b l e  l i m i t s  must be r e p o r t e d  

immediate ly .  The f a c i l i t y  must a l s o  f i l e ,  w i t h  t h e  r e g u l a t o r y  agency, a worker  

t e r m i n a t i o n  r e p o r t  which summarizes t h e  i n d i v i d u a l ' s  r a d i a t i o n  exposure h i s t o r y  

f o r  t h e  p e r i o d  o f  employment. Records and f i l e s  a r e  i nspec ted  a n n u a l l y  b y  t h e  
r e g u l a t o r y  agency f o r  compliance t o  t h e  10 CFR P a r t  20 o r  DOE Manual 

Chapter 0524. 
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3.0 CONVERSION FACILITIES 

Conversion i s  a chemical process during which yellowcake i s  purified and 
converted t o  volat i le  uranium hexafluoride (UF6). 

f a c i l i t i e s  ex is t  in the United States today, Allied Chemical Corporation 
located in Metropolis, I l l i no i s  and Kerr-McGee Corporation in Gore, Oklahoma. 
Allied Chemical began operation in 1959 and Kerr-McGee began operation in 1970 

The total  production capacity of these f a c i l i t i e s  i s  approximately 18,000 tons 
(16,300 t )  of uranium per year. The two f a c i l i t i e s  employ a t o t a l  of approxi- 
mately 350 workers in uranium process areas. 
visi ted both f a c i l i t i e s .  

Two commercial conversion 

Uranium registry personnel 

3.1 PROCESS DESCRIPTION 

Two processes are used t o  purify and  convert yellowcake (U03, U308, and 
ammonium diuranate [ADU], o r  a combination of the three) t o  uranium hexa- 
fluoride ( U F 6 ) .  
fractional d i s t i l l a t i on .  
"dry" processes, respectively. I n  the wet process, the uranium i s  purified by 
solvent extraction before conversion t o  UF6. 
i s  purified by fractional d i s t i l l a t i on  a f t e r  conversion. As shown in Fig- 
ure 3.1, the major steps in each process are sampling, feed preparation, and 
conversion a n d  purification. 

These are solvent extraction-fluorination, a n d  fluorination- 
The processes are commonly referred t o  as "wet1' and 

In  the dry process, the uranium 

3.1.1 Sampling 

The yellowcake arrives a t  the conversion plants in 55-gal. drums. I t  i s  
then analyzed for  chemical and physical character is t ics  which could affect  the 
conversion process. 
yellowcake arrives in a variety of physical forms which range from fine dry 
powder t o  coarse granules with a wide range of moisture content. 
from different  drums or batches i s  blended t o  obtain uniform chemical and 
physical properties. 
material, i t  must be sent t h r o u g h  a sodium removal process prior t o  blending 
and sampling. 

The uranium content of the yellowcake i s  verified.  The 

Yellowcake 

If a high sodium content i s  detected in the feed 
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FIGURE 3.1. Flow Diagram o f  Conversion Processes 
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The sampl ing takes p l a c e  i n  a h i g h  bay area separated f rom f a c i l i t i e s  i n  

which t h e  r e s t  o f  conve rs ion  occurs.  

vated, and i n v e r t e d .  The feed  m a t e r i a l  i s  dumped i n t o  a m i x i n g  hopper o r  

b lender .  The drums a r e  then  vacuumed. 

a l l owed  t o  f a l l  p a s t  a stream sampler and back i n t o  empty drums on t h e  ground 

f l o o r .  

process s i t e ,  r e f i l l i n g  occurs i n  a l a r g e  open-face hood). 

t hen  analyzed in-house; t h e  m i l l  f r o m  which t h e  feed  o r i g i n a t e d  o r  an 

independent l a b o r a t o r y  may v e r i f y  t h e  a n a l y s i s .  

Drums o f  ye l l owcake  a re  uncapped, e l e -  

From t h e  hopper, t h e  ye l l owcake  i s  

R e f i l l i n g  occurs i n  an area w i t h  c o n t r o l l e d  a i r  f l o w  ( i . e . ,  a t  t h e  d r y  

The samples a r e  

Uranium feed  m a t e r i a l  may a r r i v e  i n  t h e  fo rm o f  ADU s l u r r y  o r  UF4 s l u r r y  

produced as a phosphate by-product .  

r e c e i v i n g  tanks f rom which i t  i s  sampled. 

handle s l u r r i e s .  

When t h i s  occurs,  s l u r r y  i s  pumped i n t o  

Only t h e  wet process f a c i l i t y  can 

3.1.2 Feed P r e p a r a t i o n  

A t  t h e  p o i n t  where ye l l owcake  e n t e r s  t h e  feed  p r e p a r a t i o n  process,  drums 

from seve ra l  d i f f e r e n t  shipments a r e  s e l e c t e d  and combined t o  fo rm a feed  w i t h  

t h e  most d e s i r a b l e  c h a r a c t e r i s t i c s .  As w i t h  sampling, t h e  area where 
ye l l owcake  i s  loaded i n t o  t h e  feed p r e p a r a t i o n  process i s  separate f rom t h e  

o t h e r  process areas f o r  d u s t  c o n t r o l .  

by s h o t  b l a s t i n g .  

The empty drums a r e  removed and c leaned 

I n  t h e  d r y  process, f e e d  p r e p a r a t i o n  comprises seve ra l  s teps  t h a t  produce 

a m a t e r i a l  w i t h  t h e  p roper  chemical  and p h y s i c a l  c h a r a c t e r i s t i c s .  Yel lowcake 

i s  passed th rough  a magnet ic s e p a r a t o r  i n t o  a hopper t h a t  feeds a c a l c i n e r .  

C a l c i n a t i o n  d r i e s  t h e  ye l l owcake  and c o n v e r t s  many o f  t h e  uranium compounds t o  

uranium o x i d e  (U308). The feed  m a t e r i a l ,  a f t e r  b e i n g  crushed and blended f o r  

u n i f o r m  m i x t u r e ,  i s  t hen  remoistened and formed i n t o  p e l l e t s ,  c a l l e d  "mudbal ls."  

The p e l l e t s  a r e  d r i e d ,  precrushed, passed th rough  a s i z e  s e p a r a t o r  and depos- 

i t e d  i n  t h e  prepared feed hoppers. The feed i s  t hen  ready f o r  t h e  convers ion 

process. 

I n  t h e  wet process, f eed  p r e p a r a t i o n  c o n s i s t s  o f  ye l l owcake  d i g e s t i o n  i n  

n i t r i c  ac id ,  which r e q u i r e s  approx ima te l y  e i g h t  hours and takes  p l a c e  i n  l a r g e  
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tanks.  

A t  t h i s  p o i n t  i n  t h e  system, t h e  wet process w i l l  a l s o  accept  U308 s l u r r y  f rom 

i n  s i t u ,  heap-leaching, phosphate by-produc t  f a c i l i t i e s .  

The r e s u l t i n g  prepared feed i s  a u r a n y l  n i t r a t e  s o l u t i o n  [UO,(NO,),]. 

3.1.3 Conversion and P u r i f i c a t i o n  

I n  t h e  d r y  convers ion  process, f eed  p r e p a r a t i o n  i s  f o l l o w e d  by t h e  conver-  

The two p u r i f i c a t i o n  and conver-  
s i o n  o f  U308 t o  UFg and p u r i f i c a t i o n .  
f o l l o w e d  by p u r i f i c a t i o n  and then convers ion.  

s i o n  processes a r e  desc r ibed  s e p a r a t e l y  because o f  t h i s  d i f f e r e n c e  i n  process 

sequence ( F igu re  3.1). 

I n  t h e  wet process, f eed  p r e p a r a t i o n  i s  

3.1.3.1 Dry Process 

The U308 powder i s  f i r s t  processed w i t h  hydrogen gas ( f r o m  cracked ammonia) 

F u r t h e r  convers ion  t o  uranium t e t r a f l u o r i d e  (UF4) i s  accomplished 

th rough a f l u i d i z e d - b e d  r e d u c t o r  f o r  i n t e r m e d i a t e  convers ion  t o  uranium d i o x i d e  

powder (UO,). 
i n  a s e r i e s  o f  f l u i d i z e d - b e d  h y d r o - f l u o r i n a t o r s  i n t o  which U02 and HF gas a r e  
i n t roduced .  F i n a l  convers ion  takes  p l a c e  i n  a f l u i d i z e d - b e d  f l u o r i n a t o r  where 

UF4 powder and F2 gas a r e  combined t o  fo rm UF6. 

Uranium h e x a f l u o r i d e  i s  p u r i f i e d  i n  a s e r i e s  o f  f r a c t i o n a l  d i s t i l l a t i o n  

columns. Here i m p u r i t i e s  i n c l u d i n g  molybdenum and vanadium a r e  b o i l e d  ou t ;  

o t h e r s  ( i n c l u d i n g  uranium daughters )  a r e  c o l l e c t e d  a s  ash a t  t h e  base o f  t h e  

columns. The p roduc t  i s  99.99% UF6. 

The uF6 p roduc t  i s  condensed and d r a i n e d  as a l i q u i d  i n t o  s t e e l  c y l i n d e r s .  

When f u l l ,  these c y l i n d e r s  a r e  p laced  i n  steam chests  where t h e  UF6 i s  main- 
t a i n e d  as a l i q u i d  and homogenized by c y l i n d e r  r o t a t i o n ,  A f t e r  removal o f  a 

sample o f  t h e  UF6, t h e  c y l i n d e r  i s  cooled,  weighed, and p laced  i n  an ou tdoor  

s to rage  y a r d  t o  a w a i t  shipment. 

3.1.3.2 Wet Process 

The u r a n y l  n i t r a t e  s o l u t i o n  f rom t h e  feed  p r e p a r a t i o n  phase i s  p u r i f i e d  by 

s o l v e n t  e x t r a c t i o n  i n  pumper-decanters u s i n g  30% t r i b u t y l  phosphate i n  hexane. 

Next, t h e  uranium-loaded s o l v e n t  i s  scrubbed w i t h  a c i d i f i e d  water  t o  remove 

r e s i d u a l  i m p u r i t i e s .  

n i t r a t e  i n t o  t h e  aqueous phase. 

T h i s  o p e r a t i o n  i s  f o l l o w e d  by r e - e x t r a c t i o n  o f  t h e  u r a n y l  

Be fo re  t h e  u r a n y l  n i t r a t e - w a t e r  s o l u t i o n  i s  
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concentrated,  i t  i s  f i r s t  scrubbed w i t h  hexane t o  remove t r i b u t y l  phosphate. 

The s o l u t i o n  i s  then concent ra ted  i n  a p r imary  and secondary evapora t i on  system. 
The u r a n y l  n i t r a t e  hexadrate i s  d e n i t r a t e d  t o  uranium t r i o x i d e  (U03) powder i n  

a s t i r r e d  t rough.  F i n a l l y ,  t h e  U03 powder i s  p u l v e r i z e d  i n  a hammer m i l l .  

The convers ion  o f  U03 t o  UF6 i s  accomplished u s i n g  t h e  same techniques 

desc r ibed  f o r  t h e  d r y  p u r i f i c a t i o n  and convers ion  process w i t h  t h e  excep t ion  

t h a t  f l u o r i n a t i o n  takes  p l a c e  i n  an 8 - i n .  d iameter ,  10 f t  l o n g  f l a m e r  tower .  

The UF6 then passes th rough s i n t e r e d  Monel f i l t e r  tubes t o  remove ashed 

m a t e r i a l s .  

3.2 RADIOLOGICAL EXPOSURES 

Occupat ional  r a d i a t i o n  exposures a r e  d i r e c t l y  r e l a t e d  t o  t h e  s teps  i n v o l v e d  

i n  t h e  convers ion  o f  ye l lowcake t o  v o l a t i l e  UF6. 

d u r i n g  r o u t i n e  cont inuous  opera t i ons ,  p e r i o d i c  maintenance, o r  as  a r e s u l t  o f  
a c c i d e n t a l  loss o f  conta inment .  

The exposures may occur  

The p o t e n t i a l  e x i s t s  f o r  exposure t o  a v a r i e t y  o f  uranium compounds a t  

v a r i o u s  l o c a t i o n s  i n  t h e  convers ion  f a c i l i t i e s .  Yel lowcake, a l t hough  commonly 

r e f e r r e d  t o  as uranium ox ide  (U308), i s  o f t e n  a m i x t u r e  o f  seve ra l  chemical 

complexes. 
t h e  f o l l o w i n g  compounds may be p resen t  i n  v a r y i n g  concen t ra t i ons :  

Depending upon t h e  o p e r a t i n g  c h a r a c t e r i s t i c s  o f  t h e  uranium m i l l ,  

. uranium o x i d e  - U308 ( a )  

uranium t r i o x i d e  - U03 
ammonium d i u r a n a t e  - (NH4)2U207 
sodium d i u r a n a t e  - Na2(U207). 

I n  a d d i t i o n  t o  uranium, t h e  u n p u r i f i e d  ye l l owcake  c o n t a i n s  radium, thor ium, 

and o t h e r  decay produc ts .  Tab le  3.1 l i s t s  t h e  t y p i c a l  c o n s t i t u e n t s  o f  y e l l o w -  

cake. I n  t h e  d r y  process,  these c o n s t i t u e n t s  remain i n  t h e  process u n t i l  t h e  
d i s t i l l a t i o n  s t e p  where t h e y  a r e  c o l l e c t e d  as ash a t  t h e  base o f  t h e  f r a c t i o n a l  

d i s t i l l a t i o n  columns. The wet process removes t h e  i m p u r i t i e s  and daughters  i n  

t h e  s o l v e n t  e x t r a c t i o n  s tep,  a l t hough  low c o n c e n t r a t i o n s  o f  daughters  w i l l  

( a )  U308 - c h e m i c a l l y  known as uranium oc tox ide ;  however, g e n e r a l l y  r e f e r r e d  
t o  as  uranium o x i d e  i n  t h e  uranium i n d u s t r y .  
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TABLE 3.1. C o n s t i t u e n t s  o f  T y p i c a l  Yel lowcake (Sears e t  a l .  1977) 

C o n s t i t u e n t  o f  Feed 

Uranium (U) 

I m p u r i t i e s  

Ammoni um ( NH4+) 

Sodium (Na) 
S i1  i c a  (S i$ )  

S u l f a t e  

Arsen ic  (As)  
Boron ( 6 )  

Calc ium ( c a )  

Carbonate ( C032-) 
Ch lo r ide ,  bromide, i o d i d e  

(C l - ,  B r - ,  I - )  c a l c .  as C1- 

F1 u o r i  de (F - )  

I r o n  (Fe)  

Molybdenum (Flo) 

Phosphate ( 
Potassium ( K )  

Vanadium (V)  

Water (H20) 
E x t r a c t a b l e  o rgan ics  

N i t r i c  a c i d - i n s o l u b l e  uranium 

Concen t ra t i on  ( w t % )  

73.53 
(wt%,  U b a s i s )  

3.09 

2.41 
1.2 

2.94 

0.06 
0.1003 

0.19 

0.31 

0.07 

0.01 

0.38 

0.10 

0.26 

0.13 

0.12 

1.91 
0.05 

0.01 

b u i l d  i n  d u r i n g  t h e  l a t e r  process s teps .  
w i l l  be removed i n  t h e  f l amer  tower  ash. 

These daughters ,  most n o t a b l y  234Th, 

The g r e a t e s t  p o t e n t i a l  f o r  occupa t iona l  r a d i a t i o n  exposure i n  convers ion  

f a c i l i t i e s  i s  t h e  i n h a l a t i o n  o f  a i r b o r n e  uranium compounds. 

l i k e l y  t o  occur  d u r i n g  t h e  emptying and r e f i l l i n g  o f  ye l lowcake drums i n  t h e  

sampl ing area, t h e  removal o f  ash waste f o l l o w i n g  t h e  p u r i f i c a t i o n  phase, and 

maintenance a c t i v i t i e s  th roughout  t h e  f a c i l i t i e s .  
secondary concern. Annual e x t e r n a l  whole-body doses t o  convers ion  workers a r e  

w e l l  below t h e  5-rem/yr l i m i t  s e t  by 10 CFR 20. 

I n h a l a t i o n  i s  most 

E x t e r n a l  exposures a r e  a 

I n  1975, doses a t  convers ion  
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f a c i l i t i e s  averaged 0.22 rem, w i t h  no doses exceeding 2 rem (Cool 1978). 

Table 3.2 p resen ts  e x t e r n a l  gamma doses f o r  t h e  y e a r s  1962, 1969, 1971, and 

1973 a t  one f a c i l i t y .  

The convers ion  work f o r c e  i s  app rox ima te l y  60% p roduc t i on ,  40% mainten- 

ance. Less than  10% o f  t h e  p r o d u c t i o n  f o r c e  works i n  t h e  sampl ing p l a n t ,  where 

t h e r e  i s  a p o t e n t i a l  f o r  i n h a l i n g  ye l l owcake  f rom emptying drums. 

t h e  n a t u r e  of t h e i r  work, maintenance personnel  have t h e  p o t e n t i a l  f o r  exposure 

t o  a v a r i e t y  o f  uranium compounds. 

Because o f  

The f o l l o w i n g  s e c t i o n s  p r o v i d e  a rev iew  o f  r a d i o l o g i c a l  exposures f o r  each 

phase o f  t h e  convers ion  process. 

3.2.1 Sampling 

As ment ioned p r e v i o u s l y ,  i n h a l a t i o n  o f  ye l l owcake  i s  most l i k e l y  t o  occu r  

d u r i n g  uncapping, emptying, vacuuming, and r e f i l l i n g  o f  ye l l owcake  drums i n  t h e  
sampl ing a r e a .  

t h e  ye l l owcake  i s  o f t e n  ex t reme ly  f i n e  and powdery, t hus  making d u s t  c o n t r o l  
d i f f i c u l t .  

ye l l owcake  dust.  Drum vacuuming i s  a d u s t y  o p e r a t i o n  performed w i t h  a hand- 

h e l d  vacuum hose. 

A l though a l i d  i s  p laced  ove r  t h e  open drum p r i o r  t o  dumping, 

J o s t l i n g  o f  t h e  drums w h i l e  uncovered can r e s u l t  i n  d i s p e r s i o n  o f  

A f t e r  t h e  sample i s  o b t a i n e d  and t h e  drums a r e  r e f i l l e d ,  

drum improper  s e a l i n g  o f  t h e  l i d  o r  removal o f  t h i s  l i d  b e f o r e  d u s t  i n s i d e  t h e  
has s e t t l e d  can l e a d  t o  a d d i t i o n a l  re leases.  The opening and c l e a n i n g  o f  

i n g  equipment between each ye l l owcake  shipment t o  a v o i d  c ross  contam 

i s  ano the r  source o f  p o t e n t i a l  a i r b o r n e  uranium. General area a i r  

s amp 

t i o n  

TABLE 3.2. T y p i c a l  E x t e r n a l  G a y y  Doses t o  Workers a t  a 
Conversion F a c i l i t y  

Average Gamma Dose Maximum Gamma Dose 
Year ( rem) (rem) 

1962 0.157 

1969 0.148 

1971 0.133 

1973 0.090 

1.16 

1.07 

1.70 

1.14 

( a )  Data taken f rom A l l i e d  Chemical (1975). 
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c o n c e n t r a t i o n s  i n  t h e  drum dumping area o f  t h e  sampl ing p l a n t  a r e  i n  t h e  range 

o f  50% o f  t h e  a l l o w a b l e  l i m i t  (10 CFR 10, Appendix B) ,  w i t h  l o c a l l y  h i g h e r  

concen t ra t i ons .  

p l a n t .  
o p e r a t i o n s  and areas w i t h i n  t h e  sampl ing p l a n t  (e.g., drum dumping area)  

r e q u i r e  t h e  use o f  r e s p i r a t o r y  p r o t e c t i o n .  

These a r e  t h e  h i g h e s t  c o n c e n t r a t i o n s  found i n  t h e  convers ion 

Because o f  t h e  p o t e n t i a l  f o r  h i g h  a i r b o r n e  uranium l e v e l s  c e r t a i n  

The p r imary  source o f  e x t e r n a l  exposure i n  t h e  sampl ing area would be f rom 
Dose r a t e s  a t  c o n t a c t  on t h e  drums a r e  r o u t i n e  h a n d l i n g  o f  ye l l owcake  drums. 

on t h e  o r d e r  of 4 mrem/hr. 

t h e  drums; t h e r e f o r e ,  i t  i s  n o t  a s i g n i f i c a n t  source o f  e x t e r n a l  exposure. 

However, workers spend l i t t l e  t i m e  i n  c o n t a c t  w i t h  

3.2.2 Feed P r e p a r a t i o n  

The f i r s t  s t e p  i n  feed  p r e p a r a t i o n  f o r  b o t h  t h e  wet and d r y  process 

i n v o l v e s  drum un load ing  o p e r a t i o n s  s i m i l a r  t o  those  desc r ibed  f o r  t h e  sampl ing 

process. The p o t e n t i a l  f o r  occupa t iona l  exposure t o  e x t e r n a l  r a d i a t i o n  and 

a i r b o r n e  uranium i s  a l s o  s i m i l a r .  

A l though t h e  feed  p r e p a r a t i o n  o p e r a t i o n s  i n  t h e  dry process a r e  charac- 

t e r i s t i c a l l y  dusty ,  once t h e  ye l l owcake  i s  loaded i n t o  t h e  system i t  i s  con- 

t a i n e d  w i t h i n  t h e  process equipment thus  reduc ing  t h e  p o t e n t i a l  f o r  exposure t o  

a i r b o r n e  uranium. There a r e  l o c a t i o n s  i n  t h e  process where c o n t a c t  w i t h  t h e  

feed  m a t e r i a l  i s  p o s s i b l e  v i a  i n s p e c t i o n  hatches. A t  these p o i n t s  n e g a t i v e  

system p ressu re  i s  ma in ta ined  t o  p reven t  s i g n i f i c a n t  re leases  o f  m a t e r i a l .  As 

l o n g  as t h e  process equipment and a i r  f l o w  systems a r e  o p e r a t i n g  p r o p e r l y ,  t h e  
r e l e a s e  of uranium i n t o  t h e  b r e a t h i n g  atmosphere i s  n e g l i g i b l e .  F o l l o w i n g  

c a l c i n a t i o n ,  t h e  feed  m a t e r i a l  c o n s i s t s  o f  uranium o x i d e  powder (U30,) a long  
w i t h  uranium daughters and o t h e r  i m p u r i t i e s .  

U 
I n  t h e  wet process, uranium i s  i n  a u r a n y l  n i t r a t e  s o l u t i o n  w i t h  l i t t l e  

p o t e n t i a l  f o r  a i r b o r n e  re leases.  

t i o n  and d e n i t r a t i o n  areas average between 10 t o  20% o f  t h e  10 CFR 20 l i m i t .  
A i r  c o n c e n t r a t i o n s  o f  uranium i n  t h e  d iges -  

3.2.3 Conversion and P u r i f i c a t i o n  

The convers ion  and p u r i f i c a t i o n  phases a r e  reve rsed  f o r  t h e  two processes. 

The d r y  process conver t s  U308 powder t o  UF6 p r i o r  t o  uranium p u r i f i c a t i o n ;  t h e  

wet process p u r i f i e s  t h e  uranium and then  conver t s  t h e  U03 powder t o  UF6. 
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Conversion and p u r i f i c a t i o n  phases o f  b o t h  t h e  d r y  and t h e  wet process 

occur  i n  enc losed systems w i t h  l i t t l e  p o t e n t i a l  f o r  i n h a l a t i o n  exposures except  

d u r i n g  ash removal. 

p roduc ts  a r e  c o l l e c t e d  as ash i n  drums a t  t h e  base o f  t h e  f r a c t i o n a l  d i s t i l l a -  

t i o n  columns. There i s  a p o t e n t i a l  f o r  m a t e r i a l  t o  become a i r b o r n e  d u r i n g  t h e  

manual removal, emptying, and rep lacement  o f  drums. I n  t h e  wet process, ash 

accumulates i n  drums a t  t h e  base o f  t h e  f lame tower  and a t  t h e  base o f  t h e  
s i n t e r e d  Monel f i l t e r s  t h a t  f o l l o w  t h e  f lame tower. These drums a r e  l o c a t e d  

w i t h i n  two enc losures,  one around t h e  base o f  t h e  f lame tower  and another  

around t h e  f i l t e r s .  As t h e  drums become f u l l ,  t h e  enc losures  must be en te red  

and t h e  drums manual ly  removed. A t  t h e  base o f  t h e  f lame tower ,  t h e  m a t e r i a l  

found and r e c y c l e d  i s  p r i m a r i l y  unreac ted  UF4, w h i l e  t h e  ash below t h e  f i l t e r s  

i s  made up o f  uranium daughters .  

less i n  t h e  wet-process ash, s i n c e  they  a r e  removed i n  t h e  s o l v e n t  e x t r a c t i o n  

phase and would have l i t t l e  t i m e  t o  b u i l d  i n .  

I n  t h e  d r y  process, a l l  i m p u r i t i e s  and uranium daughter  

The c o n c e n t r a t i o n  o f  uranium daughters  i s  

E x t e r n a l  gamma r a d i a t i o n  l e v e l s  i n  t h e  convers ion  and p u r i f i c a t i o n  phase 

can be s i g n i f i c a n t .  For  example one f a c i l i t y  r e p o r t e d  maximum read ings  o f  

80 mrem/hr i n  t h e  f l u o r i n a t i o n  area (U.S. NRC 1978). However, workers spend 

l i t t l e  t i m e  i n  t h i s  area and, t h e r e f o r e ,  i t  i s  n o t  a s i g n i f i c a n t  source o f  

e x t e r n a l  exposure. 

3.2.4 UF, C y l i n d e r  Hand l ing  
U 

UF6 c y l i n d e r s  a r e  f i l l e d ,  sh ipped t o  t h e  DOE enr ichment  p l a n t s ,  emptied, 
and r e t u r n e d  t o  t h e  p u r i f i c a t i o n  and convers ion  f a c i l i t i e s  f o r  reuse. 

UF6 sometimes remains i n  t h e  c y l i n d e r s  as a r e s u l t  o f  incomple te  emptying a t  

t h e  enr ichment  p l a n t s .  

daughters, can r e s u l t  i n  exposure r a t e s  as h i g h  as 100 t o  125 mR/hr a t  l o c a -  

t i o n s  on t h e  c y l i n d e r  sur face .  

remove t h i s  source o f  r a d i a t i o n .  

Residual  

These "heels," a f t e r  t h e  i n -g rowth  o f  uranium decay 

The c y l i n d e r s  a r e  p e r i o d i c a l l y  steamed o u t  t o  

3.3 NONRADIOLOGICAL EXPOSURES 

N o n r a d i o l o g i c a l  h e a l t h  exposures a r e  d i r e c t l y  r e l a t e d  t o  t h e  s teps  i n v o l v e d  

i n  t h e  convers ion  o f  ye l lowcake t o  v o l a t i l e  UF6. I n  t h e  feed  p r e p a r a t i o n  phase 
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o f  t h e  wet process, n i t r i c  a c i d  i s  used f o r  d i g e s t i o n  o f  t h e  ore,  and p o t e n t i a l  

exposures t o  NO2-NOx gases a r e  p o s s i b l e .  

under vacuum, b u t  NO2 o c c a s i o n a l l y  escapes i n t o  t h e  room. 

e x t e n s i v e  NO2 m o n i t o r i n g ,  i t  appears t h a t  no c h r o n i c  NO2 exposure problem 

e x i s t s .  

5 pprn (ACGIH 1980). 

One f a c i l i t y  m a i n t a i n s  t h e  tanks 

On t h e  b a s i s  o f  

The t h r e s h o l d  l i m i t  va lue - t ime  weighted average (TLV-TWA) f o r  NO2 i s  

I n  t h e  convers ion  phase, cracked ammonia i s  used t o  reduce t h e  U308 and 

U03 t o  U02. 
most s i g n i f i c a n t  p o t e n t i a l  f o r  an exposure. A t  one f a c i l i t y ,  ammonia odor was 

n o t i c e a b l e  i n  t h e  s o l v e n t  e x t r a c t i o n  area, b u t  t h e  c o n c e n t r a t i o n  i s  r e p o r t e d l y  

5 t o  10 ppm most o f  t h e  t ime.  Concen t ra t i on  l e v e l s  need t o  reach 125 t o  

400 ppm b e f o r e  m ino r  t h r o a t  i r r i t a t i o n  i s  noted (Chester  e t  a l .  1979). Due t o  
t h e  i n h e r e n t  warn ing p r o p e r t i e s  o f  ammonia (pungent odor d e t e c t a b l e  a t  1 t o  

5 ppm), i t  i s  u n l i k e l y  t h a t  workers would remain i n  an area l o n g  enough t o  
exper ience a h e a l t h  problem. 

1980). 

The use o f  l a r g e  q u a n t i t i e s  o f  anhydrous ammonia may r e p r e s e n t  t h e  

The TLV-TWA f o r  ammonia i n  a i r  i s  25 ppm (ACGIH 

The h y d r o f l u o r i n a t o r s  i n  t h e  convers ion  phase p resen t  p o t e n t i a l  exposures 

t o  f l u o r i d e s ,  hydrogen f l u o r i d e ,  and hydrogen s u l f i d e .  A t  one f a c i l i t y ,  

month ly  u r i n a r y  f l u o r i d e  analyses a r e  performed f o r  p r o d u c t i o n  and maintenance 

personnel .  

e n t a l  l eaks .  

Exposures t o  o f f -gases  a r e  though t  t o  occu r  m a i n l y  d u r i n g  a c c i d -  

Other  chemicals t o  which workers i n  a convers ion  f a c i l i t y  may be exposed 

i n c l u d e  t r i b u t y l  phosphate and hexane i n  t h e  s o l v e n t  e x t r a c t i o n  area o f  t h e  
p u r i f i c a t i o n  phase, and f l u o r i n e  gas generated by  t h e  e l e c t r o l y s i s  o f  potassium 

f l u o r i d e  w i t h  a hydrogen f l u o r i d e  feed i n  t h e  convers ion  phase. 

3.4 RADIOLOGICAL HEALTH PRACTICES 

D iscuss ions  o f  f a c i l i t y  m o n i t o r i n g ,  exposure c o n t r o l ,  and exposure evalua-  

t i o n  p r a c t i c e s  s p e c i f i c  t o  convers ion  f a c i l i t i e s  a r e  presented below. 

3.4.1 Fac i 1 i ty Mon i t o r i  n g  

The b r e a t h i n g  a i r  i n  t h e  work ing  environment a t  conve rs ion  f a c i l i t i e s  i s  

r o u t i n e l y  sampled f o r  a i r b o r n e  r a d i o a c t i v i t y .  S t a t i o n a r y  a i r  samplers l o c a t e d  
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throughout the general working areas co l lec t  airborne par t iculates  on f i l t e r  
paper. 
36 (Allied Chemical 1975, U.S. NRC 1978). 
end of each s h i f t  and counted f o r  to ta l  ac t iv i ty .  Portable a i r  samplers a re  
used during maintenance o r  other nonroutine a c t i v i t i e s  and as breathing zone 
samplers and t o  provide correlation checks w i t h  the stationary samplers. No 
provision i s  made fo r  quantitative real-time indication of h i g h  par t iculate  a i r  
concentrations. 
t ion a f t e r  visual recognition of h i g h  a i r  concentration (e.g. ,  release of UF6). 

Results of the a i r  sampling program are  maintained f o r  fur ther  reference. 
General background concentrations of radionuclides have been measured between 
1/10 and 1/2 MPC values. In one of the plants,  an administrative control of 
1 / 2  an MPC was established as an action point f o r  corrective actions while 1/3 
MPC 1 eve1 s requ i red report i ng . 

One f a c i l i t y  has a to ta l  of 63 stationary a i r  samplers; the other has 
The f i l t e r  papers are removed a t  the 

Alarm systems located i n  one f a c i l i t y  rely on manual i n i t i a -  

Ex te rna l  gamma r a d i a t i o n  f i e l d s  a r e  measured p e r i o d i c a l l y  (usua l ly  monthly) 
a t  predesignated areas throughout the f a c i l i t y .  
a re  used fo r  these surveys. 
nator,  hydrofluorinator, solvent extract ion,  and demitration where there i s  a 
potential fo r  accumulation of uranium daughter products. 

Portable survey instruments 
Surveys a re  conducted in areas such as the f luo r i -  

Surface contamination measurements including d i r ec t  survey meter readings 
and smear surveys a re  taken periodically through the f a c i l i t i e s .  
t o  operating areas ,  other areas surveyed include lunch rooms, locker areas,  
o f f ices ,  and reception areas. In plant operating areas ,  action levels  f o r  

2 2 promp cleanup and decontaminations a re  600 dpm/100 cm and 2000 dpm/100 cm 
smearable alpha contamination f o r  the two f a c i l i t i e s  (Allied chemical 1975 and 
U.S. NRC 1978). I n  lunchrooms, locker areas ,  and of f ices ,  more r e s t r i c t ive  

2 2 action levels of 50 dpm/100 cm and 500 dpm/100 cm are  defined. 

I n  addition 

3.4.2 Exposure Control 

Routine respiratory protection f o r  a l l  workers a t  conversion f a c i l i t i e s  i s  
provided by half-face masks w i t h  particular f i l t e r s .  These respirators  are  
required t o  be worn continuously in specified operating areas a n d  d u r i n g  
cer ta in  nonroutine a c t i v i t i e s .  One f a c i l i t y  has an in-plant administrative 
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l i m i t  of 4 x 
F u l l - f a c e  r e s p i r a t o r s  w i t h  p a r t i c u l a t e  c a n i s t e r s  o r  s u p p l i e d  a i r  a r e  a l s o  
a v a i l a b l e  f o r  use d u r i n g  s p e c i a l  ope ra t i ons .  

pCi/ma (40% 10 CFR 20 l i m i t )  f o r  r e q u i r i n g  r e s p i r a t o r s .  

Personnel con tamina t ion  surveys a r e  performed by  employees when l e a v i n g  

r a d i a t i o n  areas. A d d i t i o n a l l y ,  some c o n t r o l s  have been engineered i n t o  t h e  

process and i n t o  v a r i o u s  procedures. F o r  example, t h e  e n t i r e  convers ion  

process i s  con ta ined  i n  a c l o s e d  system except  a t  t h e  drum dumping area i n  t h e  

sampl ing l o c a t i o n  and t h e  UF6 sampl ing l o c a t i o n .  .The e n t i r e  process l i n e  i s  

ma in ta ined  a t  n e g a t i v e  pressure.  Procedura l  c o n t r o l s  i n c l u d e  hav ing  two people 

p resen t  t o  break l i n e  connect ions and f r e e z i n g  UF6 l i n e s  and c o n t a i n e r s  b e f o r e  

b reak ing  t h e  connect ions.  

con tamina t ion  spread. 

Processes a r e  p h y s i c a l l y  separate t o  p reven t  

3.4.3 Exposure E v a l u a t i o n  

Exposure e v a l u a t i o n  methods a t  conve rs ion  f a c i l i t i e s  i n c l u d e  b ioassay and 

d e t e r m i n a t i o n  o f  e x t e r n a l  gamma exposure. The r o u t i n e  b ioassay program r e q u i r e s  

a l l  workers i n  uranium process areas t o  submi t  u r i n e  samples once every two 

weeks. These samples a r e  analyzed f o r  uranium c o n t e n t  ( p g l a )  u s i n g  t h e  f l u o r o -  

m e t r i c  a n a l y t i c a l  technique.  One f a c i l i t y  does t h i s  a n a l y s i s  o n s i t e ,  t h e  o t h e r  

sends i t s  samples o f f s i t e .  The o f f s i t e  l a b o r a t o r y  g e n e r a l l y  per forms a n a l y s i s  

w i t h i n  a coup le  o f  days upon r e c e i p t .  

t o  t h e  f a c i l i t y  by phone. Rou t ine  r e s u l t s  a r e  sen t  t o  t h e  f a c i l i t y  i n  w r i t i n g  

approx ima te l y  two weeks a f t e r  r e c e i p t  of t h e  samples. Table 3.3 p resen ts  da ta  
f rom one f a c i l i t y  on worker u r i n a l y s i s  r e s u l t s  d u r i n g  t h e  yea rs  1962, 1969, 
1971, and 1973. 

E leva ted  r e s u l t s  a r e  immediate ly  r e p o r t e d  

I n c l u d e d  i n  t h e  r o u t i n e  b ioassay program a r e  l u n g  counts  once eve ry  one o r  
two yea rs .  

m o b i l e  whole-body c o u n t i n g  l a b o r a t o r y .  I n  1976, one f a c i l i t y  counted 52 

workers w i t h  r e s u l t s  r a n g i n g  f rom 0 +_ 0.2 t o  8.8 k 1.0 mg U-na tu ra l  (average 
0.5 rt 0.5 mg) (U.S. NRC 1978). 

These a r e  performed w i t h  o n s i t e  equipment o r  by a vendor-suppl ied 
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( 4  TABLE 3.3. Worker U r i n a l y s i s  Resu l t s  

Year 
1962 1969 1971 1973 ~ 

Number o f  samples ana lyzed 2583 2846 3036 2626 

Average c o n c e n t r a t i o n  (pg /a)  48.1 9.9 10.6 7.1 
Number o f  samples >25 pg/a 948 68 120 41  

( a )  Data f rom A l l i e d  Chemical (1975). 

Worker exposure t o  e x t e r n a l  gamma r a d i a t i o n  i s  determined by  t h e  use o f  

One f a c i l i t y  exchanges dos imeters month ly  f o r  TLD o r  f i l m  badge dos imeters.  

employees hav ing  a p o t e n t i a l  exposure g r e a t e r  than 25% o f  t h e  10 CFR l i m i t  and 

q u a r t e r l y  f o r  t h e  o t h e r  workers.  

w e l l  w i t h i n  10 CFR 20 l i m i t s .  

As d iscussed p r e v i o u s l y ,  annual exposures a r e  

3.5 REGULATORY PROCEDURE 

H i s t o r i c a l l y ,  AEC and ( s i n c e  1974) NRC have been r e s p o n s i b l e  f o r  l i c e n s i n g  

Convers ion f a c i l i t i e s  and r e g u l a t i n g  commercial uranium convers ion  f a c i l i t i e s .  

must have a source m a t e r i a l  l i c e n s e  t o  opera te .  

a r e  g i v e n  i n  10 CFR 40. 

p e r i o d i c a l l y  renew t h e i r  source m a t e r i a l  l i c e n s e ,  and must comply w i t h  t h e  
r a d i a t i o n  p r o t e c t i o n  s tandards i n  10 CFR 20. 

Requirements f o r  t h e  l i c e n s e  
Convers ion f a c i l i t i e s  a r e  i nspec ted  by NRC, must 

Guidance found i n  10 CFR P a r t  40 r e f l e c t  t h e  c u r r e n t  NRC s t a f f  p o s i t i o n  

f o r  l i c e n s i n g  f a c i l i t i e s  and a s s u r i n g  worker  s a f e t y .  As such, each a p p l i c a n t  
must demonstrate t h a t  i t s  q u a l i f i c a t i o n s  (by  t r a i n i n g  and exper ience)  and t h a t  

a l l  equipment, f a c i l i t i e s ,  and procedures proposed under t h e  l i c e n s e  a p p l i c a -  

t i o n  a r e  adequate t o  " p r o t e c t  h e a l t h  and m in im ize  danger t o  l i f e  o r  p roper t y . "  

Fu r the r ,  t h e  l i c e n s e  a p p l i c a t i o n  serves as t h e  p r i n c i p a l  t e c h n i c a l  communica- 

t i o n  l i n k  between t h e  a p p l i c a n t  and t h e  NRC. 

The Code o f  Federa l  Regu la t ions ,  T i t l e  10 P a r t  20 addresses r a d i a t i o n  
s a f e t y  s p e c i f i c a l l y  and has a s t a t e d  purpose t o  " e s t a b l i s h  s tandards f o r  [ t h e ]  

p r o t e c t i o n  a g a i n s t  r a d i a t i o n  hazards a r i s i n g  o u t  o f  a c t i v i t i e s  under l i c e n s e s  

i ssued  by t h e  Nuc lear  Regu la to ry  Commission." T h i s  purpose i s  suppor ted by 
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r e g u l a t i o n s  t h a t  a r e  designed t o  1) c o n t r o l  possession, use, and t r a n s f e r  o f  

l i c e n s e d  m a t e r i a l s  b y  t h e  l i c e n s e e s  and 2 )  h e l p  assure t h a t  l i c e n s e e s  make 

eve ry  e f f o r t  t o  m a i n t a i n  personnel  exposure t o  r a d i a t i o n  and r e l e a s e s  o f  

r a d i o a c t i v e  m a t e r i a l s  i n  e f f l u e n t s  as l ow  as i s  reasonably  achievable.  

S p e c i f i c  recommendations made i n  10 CFR 20 which a p p l y  d i r e c t l y  t o  

assessment and c o n t r o l  o f  r a d i a t i o n  hazards s t i p u l a t e  use o f  . s u i t a b l e  measurements f o r  measuring and e v a l u a t i n g  i n t a k e s  f rom 

e x c r e t e d  r a d i o a c t i v i t y  , 

e n g i n e e r i n g  and process c o n t r o l s  t o  l i m i t  exposure t o  r a d i a t i o n  and 

a i r b o r n e  r a d i o a c t i v e  m a t e r i a l s ,  and 

techniques such as i nc reased  s u r v e i l l a n c e ,  t imekeeping, and 

r e s p i r a t o r y  p r o t e c t i o n  where engineered c o n t r o l s  a r e  u n a v a i l a b l e .  

T o t a l  occupa t iona l  dose l i m i t s  e s t a b l i s h e d  by t h e  NRC a r e  summarized i n  

Table 3.4. A l i c e n s e e  may a l l o w  an i n d i v i d u a l  t o  exceed t h e  q u a r t e r l y  occupa- 
t i o n a l  dose l i m i t s  i n  Table 3.4 p r o v i d e d  t h a t  1) t h e  t o t a l  occupa t iona l  dose t o  

t h e  whole body i s  n o t  g r e a t e r  t han  3 rem, 2 )  t h e  accumulated dose t o  t h e  whole 
body does n o t  exceed 5-(N-18) ,  where N i s  t h e  i n d i v i d u a l ' s  age i n  y e a r s  a t  h i s  

l a s t  b i r t h d a y ,  and 3 )  t h a t  t h e  i n d i v i d u a l ' s  dose i s  documented on Form NRC-4 

( o r  a r e c o r d  c o n t a i n i n g  a t  l e a s t  t h e  i n f o r m a t i o n  r e q u i r e d  b y  Form NRC-4). 

TABLE 3.4. T o t a l  Occupat ional  Dose L i m i t e d  Per Q u a r t e r  f rom 
10 CFR 20 

Organ o f  Reference 

Whole body, head and t runk ;  
a c t i v e  b lood - fo rm ing  organs; 
l e n s  o f  t h e  eye; gonads 

Hands and forearms; f e e t  and 
ank les  

S k i n  o f  t h e  whole body 

Q u a r t e r l y  Dose L i m i t  
(rem) 

1.25 

18.75 

7.5 
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For  m a t e r i a l  t h a t  may be inha led ,  10 CFR 20 s t a t e s  t h a t  no i n d i v i d u a l  may 

i n h a l e  a q u a n t i t y  o f  r a d i o a c t i v e  m a t e r i a l  g r e a t e r  than t h e  q u a n t i t y  t h a t  would 

r e s u l t  f rom i n h a l a t i o n  f o r  40 hours p e r  week f o r  13 weeks ( o r  f o r  one week f o r  

uranium i n  s o l u b l e  form) a t  t h e  un i fo rm c o n c e n t r a t i o n  o f  r a d i o a c t i v e  m a t e r i a l  

i n  a i r  shown i n  Table 3.5. 

Records r e q u i r e d  by t h e  NRC, as s t a t e d  i n  10 CFR 20, and d i s p o s i t i o n  o f  

these records  a r e  summarized i n  Table 3.6. 

A d d i t i o n a l l y ,  10 CFR 20 r e q u i r e s  r e p o r t s  t o  be f i l e d  w i t h  the  NRC t o  

document i n c i d e n t s  i n v o l v i n g  unplanned exposures t o  r a d i a t i o n  o r  r a d i o a c t i v e  

m a t e r i a l s .  S p e c i f i c a l l y ,  t h r e e  c a t e g o r i e s  r e l a t i n g  t o  occupat iona l  dose a r e  

over-exposure t o  sources o f  r a d i a t i o n  t h a t  a r e  e x t e r n a l  hazards, over-exposure 

t o  a i r b o r n e  r a d i o a c t i v e  m a t e r i a l s ,  and exceeding l i m i t s  f o r  r a d i a t i o n  o r  con- 

c e n t r a t i o n s  o f  r a d i o a c t i v e  m a t e r i a l s  a r e  exceeded i n  u n r e s t r i c t e d  areas. As a 

minimum, t h e  r e p o r t s  shou ld  c o n t a i n  t h e  e x t e n t  o f  exposure, exposure es t imates ,  
l e v e l s  o f  r a d i a t i o n  o r  concen t ra t i ons  o f  r a d i o a c t i v e  m a t e r i a l s ,  cause o f  expo- 

sure, c o r r e c t i v e  s teps,  exposed i n d i v i d u a l ' s  name, i n d i v i d u a l ' s  s o c i a l  s e c u r i t y  

number, and i n d i v i d u a l ' s  b i r t h  date.  These r e p o r t s  a r e  on f i l e  w i t h  NRC f o r  an 

u n s p e c i f i e d  amount o f  t ime.  

I n  a d d i t i o n  t o  t h e  10 CFR 20 and 10 CFR 40, t h e  NRC has i ssued  r e g u l a t o r y  

gu ides t o  a s s i s t  a p p l i c a n t s  and l i censees  i n  comply ing w i t h  t h e  genera l  r e q u i r e -  

ments o f  t h e  Code o f  Federa l  Regu la t ions .  

AEC i n  1970 and were c a l l e d  Sa fe ty  Guides. 

gu ides themselves i s  n o t  requ i red ;  a p p l i c a n t s  may propose a l t e r n a t i v e s  f o r  new 

These guides were i n i t i a t e d  by  t h e  

Compliance w i t h  t h e  r e g u l a t o r y  

TABLE 3.5. Maximum Perm iss ib le  A i rbo rne  Concent ra t ions  o f  

Thorium ( n a t u r a l  ) ( a )  6 x pCi/ma 

Uranium ( n a t u r a l  ) ( a )  1 x 10-l' pCi /ma 

Uranium and Thorium 

( a )  The l i m i t s  f o r  s o l u b l e  and i n s o l u b l e  
compounds a r e  i d e n t i c a l ,  p rov ided  t h a t  

amount o f  uranium. 
U i s  l e s s  than  5% o f  t h e  t o t a l  
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TABLE 3.6. Required Records and Retention Periods 

Record 

NRC-4 Form 

Con tents Retention Period 

Quarterly occupational dose ( a )  
fo r  an employee 

NRC-5 Form Overexposure record (4  
Bioassay Summary Bioassay results (including ( a )  

whole-body counts) of each 
employee 

Survey Results Radiological conditions 2 years ( b )  
Personnel Monitoring Results Personnel dose rates 2 years ( b )  

Prior Dose Summary Signed statement of prior ( a )  
occupational dose received 
in current calendar quarter 

( a )  Records preserved until NRC authorized disposition. 
( b )  If surveys are used t o  demonstrate compliance or t o  evaluate external or 

internal exposures in the absence of personnel monitoring d a t a ,  they must 
be preserved until NRC authorizes disposal. 

or existing programs t h a t  are not  necessarily consistent with the guides. The 
jus t i f ica t ion  for  such alternatives i s  reviewed by the N R C  s ta f f  and evaluated 
on a case-by-case basis. 

Regulatory Guides t h a t  are pertinent t o  evaluating occupational exposure 
in conversion f a c i l i t i e s  include Regulatory Guide 8.11, Applications of Bioassay 
f o r  Uranium ( A E C  1974), a n d  Regulatory G u i d e  8.15, Acceptable Programs fo r  
Respiratory Protection ( N R C  1976a). 
recommendations for  bioassay of the more highly transportable compounds UF6 and 
U02F2, which are present in conversion f a c i l i t i e s ,  

3.6 SUMMARY 

Regulatory Guide 8.11 does n o t  include 

The commercial conversion industry consists of two f a c i l i t i e s  w t h  a to ta l  
of approximately 350 workers in uranium processes areas. Inhalation of the 
following uranium compounds i s  possible: yellowcake, uranium te t ra f  uoride 
( U F 4 ) ,  uranium dioxide (U02) , uranium trioxide (U03), and uranyl fluoride 
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(UO F ) which i s  formed when UF6 r e a c t s  w i t h  m o i s t u r e  i n  t h e  atmosphere. 

i t i e s  w i t h  t h e  g r e a t e s t  p o t e n t i a l  f o r  i n h a l a t i o n  exposures i n c l u d e  ye l lowcake 

sampling, waste removal, and maintenance. The workers i n  t h e  ye l lowcake 

sampl ing area, those engaged i n  waste removal and maintenance personnel 

A c t i v -  2 2  

r e s p e c t i v e l y  c o n s t i t u t e  <lo%,  <5%, and ~ 4 0 %  o f  t h e  work fo rce .  

Var ious h e a l t h  p r a c t i c e s  a r e  employed t o  assure t h a t  exposures 

r a d i o l o g i c a l  and n o n r a d i o l o g i c a l  substances a r e  minimized. Externa 

doses t o  workers a r e  ma in ta ined  w e l l  w i t h i n  t h e  f e d e r a l  l i m i t s  o f  5 

These h e a l t h  p r a c t i c e s  i n c l u d e  f a c i l i t y  m o n i t o r i n g  f o r  a i r b o r n e  and 

contaminat ion ,  use o f  r e s p i r a t o r s ,  and personnel  surveys f o r  contam 

Rout ine  exposure e v a l u a t i o n s  a r e  a l s o  conducted. 

t o  v a r i o u s  

gamma 
rem/yr. 

su r face  

n a t i o n .  

Regu la to ry  g u i d e l i n e s  s e t  by  f e d e r a l  agencies a r e  des igned t o  ensure 
p roper  s a f e t y  measures and adequate documentation. 
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4.0 ENRICHMENT FACILITIES 

Uranium i s  e n r i c h e d  f o r  b o t h  commercial and government use a t  t h r e e  

government-owned and c o n t r a c t o r - o p e r a t e d  enr ichment  f a c i l i t i e s  l o c a t e d  a t  

Oak Ridge, Tennessee; Paducah, Kentucky; and Portsmouth, Ohio. The Oak Ridge 

and Paducah f a c i l i t i e s  were v i s i t e d  by R e g i s t r y  personnel .  

gaseous d i f f u s i o n  process t h a t  i nc reases  t h e  235U c o n c e n t r a t i o n  o f  t h e  UF6 feed  

m a t e r i a l  by s e l e c t i v e l y  removing 238U. I n  a d d i t i o n  t o  enr ichment  o p e r a t i o n s ,  
a c t i v i t i e s  a t  t h e  t h r e e  s i t e s  have i n c l u d e d  t h e  convers ion  o f  U03 t o  UF6, UF6 

t o  UF4, and UF4 t o  meta l ,  and decontaminat ion and maintenance o f  d i f f u s i o n  

equipment. 

Enr ichment i s  a 

A l l  t h r e e  p l a n t s  r e c e i v e d  n a t u r a l  UF6. The Kentucky p l a n t  a l s o  r e c e i v e d  
dep le ted  UFg f rom t h e  o t h e r  two p l a n t s  and r e t u r n e d  t o  them e n r i c h e d  UF6 i n  t h e  

range o f  0.9% t o  2.0% 235U. The end p roduc t  o f  t h e  Tennessee p l a n t  i s  up t o  5% 

e n r i c h e d  UF6 f o r  commercial use. The Ohio p l a n t  produces b o t h  4% UF6 f o r  

commercial use and >90% e n r i c h e d  UF6 f o r  m i l i t a r y  and research  uses. A l l  t h r e e  
235u p l a n t s  produce t a i l i n g s  o f  0.2% 

More than  10,000 workers a r e  employed a t  t h e  t h r e e  enr ichment  p l a n t s .  O f  
these, o n l y  about 19% (about  2000) o f  t h e  work f o r c e  have a p o t e n t i a l  f o r  expo- 

sure t o  uranium. 

4.1 PROCESS D E S C R I P T I O N  

Enrichment f a c i l i t i e s  r e c e i v e  UF, i n  s o l i d  f o r m  s t o r e d  i n  l a r g e  s t e e l  
c y l i n d e r s  f rom t h e  convers ion  p l a n t s  (see F i g u r e  4.1).  The c y l i n d e r s  a r e  
weighed and t h e  con ten ts  a r e  then  l i q u i f i e d  by  h e a t i n g  and sampled f o r  uranium 

con ten t .  

t u b i n g  w i t h  a p p r o p r i a t e  f i t t i n g s  r e f e r r e d  t o  as a " p i g t a i l . "  
coo led  t o  s o l i d i f y  t h e  UFg b e f o r e  t r a n s f e r  t o  t h e  cascade f a c i l i t i e s .  

A l l  connect ions t o  t h e  UF6 c y l i n d e r s  a r e  made u s i n g  a s e c t i o n  o f  

The c y l i n d e r s  a r e  

A t  t h e  cascade f a c i l i t y  t h e  c y l i n d e r  i s  heated t r a n s f o r m i n g  t h e  UF6 t o  

gas. 

s e r i e s  o f  many s tages o f  gaseous d i f f u s i o n  equipment. 

a c o n v e r t e r  c o n t a i n i n g  t h e  d i f f u s i o n  b a r r i e r  and a compressor t h a t  p r e s s u r i z e s  

The uF6 gas i s  loaded i n t o  t h e  enr ichment  cascade. The cascade i s  a 

Each s tage  c o n s i s t s  o f  
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FIGURE 4.1. Flow Diagram o f  Enrichment Process 

t h e  en r i ched  s t ream f rom t h e  p rev ious  stage, c r e a t i n g  a p ressu re  d i f f e r e n t i a l  

ac ross  t h e  c a r r i e r  i n  t h e  n e x t  conve r te r .  

t h e  d i f f u s i o n  o f  235UF6 across  t h e  b a r r i e r .  A l though t h e  uF6 i s  p r e s s u r i z e d  
w i t h  r e s p e c t  t o  t h e  b a r r i e r ,  i t  i s  s t i l l  a t  much l e s s  than  atmospher ic  p res-  

sure. The uF6 i s  en r i ched  i n  235U c o n t e n t  because t h e  235UF6 d i f f u s e s  th rough 
238 t h e  cascade b a r r i e r  more r a p i d l y  than  

f u s i o n  r a t e s  o f  235U and 238U i s  v e r y  s m a l l ,  many d i f f u s i o n  stages a r e  r e q u i r e d  

t o  ach ieve  t h e  d e s i r e d  enr ichment .  T h i s  process r e q u i r e s  ve ry  l a r g e  and expen- 

s i v e  f a c i l i t i e s .  

o f  4384 s tages con ta ined  i n  f i v e  b u i l d i n g s  c o v e r i n g  more than 100 acres.  

T h i s  p ressure  d i f f e r e n t i a l  enhances 

UF6. Because t h e  d i f f e r e n c e  i n  d i f -  

For  example, t h e  Oak Ridge Gaseous D i f f u s i o n  P l a n t  c o n s i s t s  

When t h e  p roper  enr ichment  i s  reached, t h e  UF6 i s  d r a i n e d  as a l i q u i d  i n t o  

The UF6 i s  l i q u i f i e d  by  compression o f  t h e  UF6 gas f rom 

A f t e r  condensing, t h e  l i q u i d  UF6 i s  a l l owed  t o  f l o w  

l a r g e  s t e e l  c y l i n d e r s .  

t h e  enr ichment  cascades. 

i n t o  t h e  c y l i n d e r .  

c y l i n d e r s .  

Both t h e  p roduc t  and t h e  t a i l s  a r e  d r a i n e d  t o  m u l t i - t o n  

The end p roduc t  UF6 c y l i n d e r  i s  t hen  t r a n s p o r t e d  t o  another  l o c a t i o n  
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where t h e  p roduc t  i s  reheated, sampled, and t r a n s f e r r e d  t o  s h i p p i n g  c y l i n d e r s  

i n  p r e p a r a t i o n  f o r  shipment o f f s i t e .  

When maintenance i s  r e q u i r e d ,  cascade o p e r a t i o n s  c o n t i n u e  w h i l e  t h e  equip-  

ment r e q u i r i n g  maintenance i s  v a l v e d  o f f  f r o m  t h e  remainder o f  t h e  system. The 

equipment i s  t hen  evacuated and purged w i t h  a i r  t o  remove UF6 b e f o r e  b e i n g  d i s -  
connected. 

f o r  decontaminat ion and r e p a i r  i n  t h e  maintenance f a c i l i t i e s .  

The openings a r e  sea led  w i t h  p l a s t i c  and t h e  equipment i s  removed 

4.2 RADIOLOGICAL EXPOSURES 

Occupat ional  exposures t o  r a d i a t i o n  a r e  d i r e c t l y  r e l a t e d  t o  t h e  enr ichment  

process s teps.  Exposures may occu r  d u r i n g  some r o u t i n e  opera t i ons ,  p e r i o d i c  

maintenance, o r  as a r e s u l t  o f  a c c i d e n t a l  l o s s  o f  containment.  The p r imary  

i n t e r n a l  r a d i a t i o n  hazard o f  t h e  p l a n t s  i s  f rom an u n a n t i c i p a t e d  r e l e a s e  o f  

UF6. 
c y l i n d e r s .  

E x t e r n a l  r a d i a t i o n  exposures r e s u l t  p r i m a r i l y  f rom h a n d l i n g  o f  UF6 

Dur ing  t h e  sampl ing process, workers r o u t i n e l y  come i n  c o n t a c t  w i t h  UF6 
feed  c y l i n d e r s  r e c e i v e d  f r o m  t h e  convers ion  p l a n t s .  

have s u r f a c e  dose r a t e s  as h i g h  as 100 mR/hr due t o  b u i l d u p  o f  uranium decay 

p roduc ts  ( r e f e r r e d  t o  as " h e e l " ) .  These c y l i n d e r s ,  which a r e  reused f o r  

shipment o f  UFg from convers ion  t o  enr ichment  p l a n t s ,  a r e  p e r i o d i c a l l y  c leaned 

t o  remove t h e  r e s i d u a l  heels .  

Empty f e e d  c y l i n d e r s  may 

A p o t e n t i a l  f o r  i n t e r n a l  d e p o s i t i o n  o f  uranium e x i s t s  d u r i n g  sample t a k -  
ing. 

as a l i q u i d .  
t h e  l i q u i d  l e v e l  and evacuated ( a l o n g  w i t h  t h e  connec t ing  p i p i n g  and " p i g t a i l " )  

p r i o r  t o  sample w i thd rawa l .  F o l l o w i n g  c o l l e c t i o n  o f  t h e  sample, t h e  p i g t a i l  i s  
aga in  evacuated t o  remove r e s i d u a l  uF6. 

p i g t a i l ,  as has occu r red  i n  t h e  pas t ,  i t  w i l l  be r e l e a s e d  t o  t h e  b u i l d  ng where 

i t  forms U02F2 and HF. 

t h i s  a i r b o r n e  m a t e r i a l .  

making o r  b r e a k i n g  a p i g t a i l  connect ion.  

During this operation the cylinder is heated to allow removal o f  the UF6 

Sample c y l i n d e r s  a r e  connected t o  t h e  uF6 feed  c y l i n d e r s  below 

Should any UF6 be r e t a i n e d  i n  t h e  

V e n t i l a t i o n  i s  p r o v i d e d  i n  t h e  p i g t a i l  area t o  remove 

R e s p i r a t o r y  p r o t e c t i o n  i s  a l s o  o f t e n  r e q u i r e d  when 
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The c y l i n d e r s  a r e  t r a n s p o r t e d  t o  an area  f o r  l o a d i n g  i n t o  t h e  cascade. 

The procedure f o r  l o a d i n g  UF6 i n t o  t h e  cascade i s  s i m i l a r  t o  w i thd raw ing  a 

sample except  t h e  p i g t a i l  connect ion  i s  made above t h e  l i q u i d  l e v e l  i n  t h e  

c y l i n d e r  t o  o b t a i n  u F 6  gas. The p o t e n t i a l  e x i s t s  f o r  exposure t o  r e s i d u a l  

m a t e r i a l  h e l d  i n  t h e  p i g t a i l  when d isconnected.  

duced i n t o  t h e  cascade t h e r e  i s  ve ry  l i t t l e  p o t e n t i a l  f o r  e i t h e r  i n t e r n a l  o r  

e x t e r n a l  r o u t i n e  r a d i a t i o n  exposure. The cascade process i s  comple te ly  enc losed 

and opera tes  under a vacuum. 

o f  t h e  cascade b u i l d i n g s .  

gaseous d i f f u s i o n  equipment, b u t  t h e  l a r g e  s u r f a c e  area r e s u l t s  i n  ve ry  low 

dose r a t e s .  

Once t h e  UF6 has been i n t r o -  

Dur ing  opera t i on ,  t h e r e  i s  l i t t l e  o r  no occupancy 
Some uranium daughters  may b u i l d  up i n s i d e  t h e  

The p roduc t  o f  t h e  enr ichment  process i s  unloaded i n t o  a l a r g e  c y l i n d e r  as 

l i q u i d  UF6 th rough p i g t a i l s .  

r e l e a s e  o f  UF6 gas when d isconnected  f rom t h e  c y l i n d e r .  

Again, these p i g t a i l s  rep resen t  a p o t e n t i a l  f o r  

E x t e r n a l  r a d i a t i o n  doses may a l s o  be r e c e i v e d  from handl ing t h e  product  

UF6 c y l i n d e r .  
t o  b u i l d u p  o f  uranium daughters  (234Th and 234mPa) i n  t h e  c y l i n d e r .  

decay produc ts  ( h e e l ) ,  which do n o t  v a p o r i z e  w i t h  t h e  UF6, tend t o  c o l l e c t  a t  

t h e  bo t tom o f  t h e  c y l i n d e r s .  
c y l i n d e r  a r e  i n  t h e  range o f  5 t o  15 mR/hr. 

Sur face  exposure r a t e s  o f  up t o  500 mR/hr may be encountered due 

These 

Exposure r a t e s  t o  personnel  work ing  near  t h i s  

Cond i t i ons  s i m i l a r  t o  those mentioned above may a l s o  be encountered when 

work ing  w i t h  t a i l s  f rom t h e  enr ichment  process. 

The p roduc t  c y l i n d e r  i s  moved t o  another  l o c a t i o n  where t h e  con ten ts  a r e  

t r a n s f e r r e d  t o  sn ia l l e r  c y l i n d e r s  f o r  shipment t o  f u e l  f a b r i c a t i o n  p l a n t s .  

p roduc t  i s  a l s o  reheated  and sampled a t  t h i s  t i m e  t o  v e r i f y  t h e  degree o f  

enr ichment .  

i n g  these opera t i ons .  

The 

As mentioned above, some p o t e n t i a l  e x i s t s  f o r  re lease  o f  UF6 dur -  

Produc t  c y l i n d e r s  t h a t  a r e  ready f o r  shipment may have exposure r a t e s  o f  a 

One s i t e  measured a maxi- 

T y p i c a l l y  most workers 

few mR/hr. 

v a r i o u s  c y l i n d e r s  r e t a i n e d  a t  t h e  enr ichment  p l a n t s .  

mum dose t o  an i n d i v i d u a l  o f  about  one rem p e r  year .  

r e c e i v e  l e s s  than h a l f  t h i s  exposure. 

The g r e a t e s t  e x t e r n a l  doses a r e  r e c e i v e d  by workers who handle t h e  
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Maintenance work i s  performed on equipment a f t e r  i t  has been removed f rom 

t h e  system. 
evacuated, and purged u n t i l  o n l y  t r a c e  amounts o f  UF6 remain. 

remain t rapped  i n  p a r t s  o f  t h e  cascade, and t h e r e  a r e  some d e p o s i t s  o f  uranium 

T y p i c a l  dose r a t e s  on p a r t s  a r e  1 t o  10 mrem/hr daughters  ( 234Th and 

( b e t a  and gamma). 
500 cpm smearable be ta  and gamma. Maintenance a c t i v i t i e s  i n v o l v i n g  manual 

ope ra t i ons ,  such as g r i n d i n g  and c u t t i n g  on contaminated p a r t s ,  produce a 

p o t e n t i a l  f o r  a i r b o r n e  m a t e r i a l .  

A cascade t h a t  needs r e p a i r  can be v a l v e d - o f f  f rom t h e  system, 

Some UF6 may 

Pa). 2 34m 

Contaminat ion l e v e l s  may be 1000 cpm a lpha  and 100 t o  

The maintenance area i s  a l s o  where t h e  uranium daughters ( h e e l s )  a r e  

c leaned f rom c y l i n d e r s .  T h i s  process i s  done u s i n g  steam j e t s  w i t h  t h e  
Process ing o f  r a d i o a c t i v e  

t o  U308 subsequent c a l c i n i n g  

contaminated condensate c o l l e c t e d  f o r  process ing.  

wastes i n c l u d e s  chemical s e p a r a t i o n  o f  uranium and 
powder f o r  f u t u r e  reuse. These a c t i v i t i e s  c a r r y  w 

a c c i d e n t a l  l o s s  o f  containment and worker exposure 

source o f  r o u t i n e  exposure. 

t h  them t h e  p o t e n t i a  f o r  

b u t  do n o t  r e p r e s e n t  a l a r g e  

4.3 NONRADIOLOGICAL HAZARDS 

I n  t h e  enr ichment  process area, l ow  l e v e l s  o f  f l u o r i d e s  e x i s t  a t  t imes.  
Any leakage o f  UF6 t o  t h e  atmosphere r e s u l t s  i n  t h e  f o r m a t i o n  o f  u r a n y l  f l u o r i d e  

( U02F2) and hydrogen f 1 u o r i d e  (HF) gas. Maintenance personnel  a r e  most 1 i k e l y  

t o  r e c e i v e  exposures d u r i n g  r e p a i r  o f  i m p r o p e r l y  f u n c t i o n i n g  c e l l s  c o n t a i n i n g  

t rapped  UF6. The l i k e l i h o o d  o f  exposure i s  g r e a t l y  reduced f o r  t hese  workers,  
however, because t h i s  hazard i s  w e l l  known, and a r i g i d  r e s p i r a t o r y  p r o t e c t i o n  

program i s  f o l l o w e d .  

h i g h  b u t  b r i e f  exposure t o  t h e  su r round ing  workmen. 
i n  a i r ,  t h e  source c o u l d  be q u i c k l y  i d e n t i f i e d  and r e p a i r e d .  T h i s  r a p i d  i d e n t -  

i f i c a t i o n  v i a  o b s e r v a t i o n  decreases t h e  occurrence o f  s i g n i f i c a n t  exposures. 

Because UF6 i s  h i g h l y  c o r r o s i v e ,  much o f  t h e  p i p i n g  th roughou t  t h e  

An i n a d v e r t e n t  l e a k  would be more l i k e l y  t o  produce a 

Since t h e  gas i s  v i s i b l e  

enr ichment  system i s  o f  n i c k e l  o r  s t a i n l e s s  s t e e l .  

d u r i n g  w e l d i n g  because n i c k e l  and chrome fumes a r e  suspected carcinogens. 
N i c k e l  exposures a r e  a l s o  p o s s i b l e  d u r i n g  t h e  manufacture o f  t h e  d i f f u s i o n  

T h i s  p resen ts  a concern 
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b a r r i e r s ,  which i s  a s p e c i a l  porous medium used i n  t h e  enr ichment  process. 

m e t a l l i c  n i c k e l  powder i s  used i n  b a r r i e r  p roduc t i on .  

s tudy  was designed t o  a s c e r t a i n  whether m o r t a l i t y  f rom r e s p i r a t o r y  cancer among 

b a r r i e r  workers exposed t o  a i r b o r n e  m e t a l l i c  n i c k e l  d i f f e r e d  f rom t h a t  among 

p l a n t  employees w i t h  no occupa t iona l  exposures (Godbold and Tompkins 1979). 

The r e s u l t s  o f  t h e  s tudy  do n o t  suppor t  t h e  c o n t e n t i o n  t h a t  t h e r e  i s  a sub- 

s t a n t i a l  r i s k  o f  r e s p i r a t o r y  ma l ignanc ies  t o  workers exposed t o  t h i s  n i c k e l  

m a t e r i a l .  Other  contaminants i n  t h e  enr ichment  process i n c l u d e  asbestos, 

s u l f u r i c  ac id ,  and n i t r i c  ac id .  

A 
A r e c e n t l y  completed 

A i r  m o n i t o r i n g  and u r i n a l y s i s  programs a r e  conducted f o r  t h e  d e t e c t i o n  o f  

A c t i o n  l e v e l s  f o r  28 u r i n a r y  contaminants have 

contaminants a t  enr ichment  f a c i l i t i e s .  

v a r y  depending upon exposures. 

been e s t a b l i s h e d  a t  one f a c i l i t y .  

Sampling f requenc ies  f o r  u r i n a l y s i s  

4.4 RADIOLOGICAL HEALTH PRACTICES 

Discuss ions  of f a c i l i t y  m o n i t o r i n g ,  exposure c o n t r o l ,  and exposure evalua-  

F a c i l i t y  t i o n  p r a c t i c e s  s p e c i f i c  t o  enr ichment  f a c i l i t i e s  a r e  presented below. 

m o n i t o r i n g ,  exposure c o n t r o l  and e v a l u a t i o n  a r e  s i g n i f i c a n t  f a c t o r s  i n  t h e  

r a d i o l o g i c a l  h e a l t h  program a t  enr ichment  f a c i l i t i e s .  

4.4.1 F a c i l i t y  M o n i t o r i n g  

F a c i l i t y  m o n i t o r i n g  a t  enr ichment  p l a n t s  v a r i e s  depending upon p l a n t  l o c a -  

Because t h e  d i f f u s i o n  cascade operates a t  a vacuum r e l a t i v e  t o  atmos- t i o n .  

p h e r i c  pressure,  a i r b o r n e  uranium i s  n o r m a l l y  n o t  p resen t .  

sampl ing f o r  a i r b o r n e  p a r t i c l e s  i s  n o t  performed r o u t i n e l y .  I ns tead ,  smoke 
d e t e c t o r s  a r e  used t o  a la rm i n  t h e  presence o f  any U02F2 formed f o l l o w i n g  a 

r e l e a s e  o f  UF6. 
r e l e a s e  p o i n t  can be r a p i d l y  i d e n t i f i e d .  

a r e  sampled r o u t i n e l y  f o r  a i r b o r n e  p a r t i c l e s .  

areas as a c o r r o s i o n  o x i d e  f i l m  o f  U02F2 and UF4. 

o d i c a l l y  surveyed f o r  s u r f a c e  con tamina t ion .  

t i n e l y  sampled f o r  genera l  a i r b o r n e  con tamina t ion  b u t  a r e  s u b j e c t  t o  l o c a l  a i r  
sampl ing d u r i n g  s p e c i a l  a c t i v i t i e s  w i t h  t h e  p o t e n t i a l  f o r  a i r b o r n e  uranium. 

As a r e s u l t ,  

A lso,  because U02F2 i s  h i g h l y  v i s i b l e  as a w h i t e  c loud,  t h e  

Decontaminat ion and disassembly areas 

Uranium i s  p resen t  i n  these 

Maintenance shops a r e  n o t  rou-  

These areas a r e  a l s o  p e r i -  
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Gamma r a d i a t i o n  s u r v e i l l a n c e  i s  n o t  r o u t i n e l y  performed a t  enr ichment  

f a c i l i t i e s .  

4.4.2 Exposure C o n t r o l  

Exposures a t  enr ichment  f a c i l i t i e s  a r e  c o n t r o l l e d  th rough  t h e  use o f  

eng inee r ing  design, r e s p i r a t o r y  p r o t e c t i o n ,  and employee t r a i n i n g .  An example 

o f  eng inee r ing  des ign  i s  t h e  p r o v i s i o n  o f  vacuum hoses a t  connect ions t o  UF6 

c y l i n d e r s  t o  draw away any leakage d u r i n g  connec t ion  o r  d i sconnec t ion .  Respi-  

r a t o r y  p r o t e c t i o n  i s  r e q u i r e d  d u r i n g  s p e c i f i e d  r o u t i n e  and maintenance a c t i v -  

i t i e s .  

drawing a UF6 sample o r  a t t a c h i n g  a UF6 c y l i n d e r  t o  t h e  cascade), a h a l f - f a c e  

mask i s  r e q u i r e d .  One f a c i l i t y  has i n s t a l l e d  an i n t e r l o c k  system on t h e  p r o -  

d u c t  w i thd rawa l  c y l i n d e r  t o  p reven t  movement o f  t h e  c y l i n d e r  p r i o r  t o  d i scon -  

n e c t i o n  o f  t h e  p i g t a i l .  R e s p i r a t o r y  p r o t e c t i o n  i s  a l s o  r e q u i r e d  when cascade 

equipment i s  opened f o r  maintenance, and d u r i n g  o t h e r  maintenance a c t i v i t i e s  

such as g r i n d i n g  and c u t t i n g  contaminated equipment. 

Whenever a connec t ion  t o  a UF6 system i s  made o r  broken ( i n c l u d i n g  

4.4.3 Exposure E v a l u a t i o n  

E v a l u a t i o n  o f  exposures i s  accomplished th rough  a program o f  l u n g  

count ing,  u r i n a l y s i s ,  and e x t e r n a l  r a d i a t i o n  m o n i t o r i n g .  The f requency o f  
u r i n a l y s i s  v a r i e s  depending upon t h e  t y p e  o f  work and i t s  l o c a t i o n .  

w i t h  a p o t e n t i a l  f o r  m u l t i p l e  l o w - l e v e l  exposures (e.g., d u r i n g  t h e  connec t ing  

and d i s c o n n e c t i n g  o f  uF6 c y l i n d e r s )  a r e  scheduled month ly ,  w h i l e  a l l  o t h e r  

workers a r e  scheduled q u a r t e r l y .  
workers exposed t o  l e s s  s o l u b l e  forms o f  uranium, e.g., workers i n  t h e  

decontaminat ion f a c i l i t y ,  compressor disassembly mechanics, and some f i e l d  

maintenance workers.  A l l  o t h e r  workers a r e  counted eve ry  2 years.  E x t e r n a l  

exposures a r e  mon i to red  th rough  t h e  use o f  TLD o r  f i l m  badges. 

Workers 

Chest counts a r e  performed a n n u a l l y  f o r  

Chest count ing,  u r i n a l y s i s ,  and o t h e r  m o n i t o r i n g  and exposure da ta  a r e  

k e p t  f o r  each employee. 

s to rage  system f o r  ease o f  r e t r i e v a l .  

These reco rds  a r e  ma in ta ined  on a computer ized da ta  

n 
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4.5 REGULATORY PROCEDURE 

S ince  t h e  Manhattan P r o j e c t  was begun, enr ichment  f a c i l i t i e s  have been 

r e g u l a t e d  by f e d e r a l  agencies.  
t h e  Atomic Energy Commission (AEC) r e g u l a t e d  t h e  f a c i l i t i e s .  S ince then,  t h e  

Energy Research and Development Agency (ERDA) (1974 t o  1977) and DOE (1977 t o  
p r e s e n t )  have r e g u l a t e d  these f a c i l i t i e s .  

P r i o r  t o  t h e  Energy Reorgan iza t ion  A c t  of 1974, 

When OSHA was e s t a b l i s h e d ,  AEC wished t o  r e t a i n  r e s p o n s i b i l i t y  f o r  t h e  
occupa t iona l  s a f e t y  and h e a l t h  o f  employees a t  i t s  government-owned, c o n t r a c t o r -  

opera ted  f a c i l i t i e s  under t h e  Atomic Energy Ac t  o f  1954. The AEC had p r e v i o u s l y  

exe rc i sed  t h e  a u t h o r i t y  t o  r e q u i r e  s a f e t y  and h e a l t h  programs a t  i t s  c o n t r a c t o r -  
opera ted  f a c i l i t i e s  under t h e  Atomic Energy Ac t  o f  1954. The AEC wished t o  

r e t a i n  t h i s  c o n t r o l  o f  t h e  s a f e t y  and h e a l t h  program p r i m a r i l y  because t h e  OSHA 

p r o v i s i o n  f o r  i n d i v i d u a l  s t a t e  programs c o u l d  l e a d  t o  nonuni form a p p l i c a t i o n  o f  

s tandards.  
t o  con t inue  e n f o r c i n g  i t s  own occupa t iona l  s a f e t y  and h e a l t h  programs a t  i t s  

con t rac to r -ope ra ted  f a c i l i t i e s .  

a u t h o r i t y .  

opera tes  s u b j e c t  t o  t h e  Atomic Energy A c t  o f  1954. 

The Department o f  Labor  accepted AEC's argument t h a t  i t  be a l l owed  

The Department o f  Energy i n h e r i t e d  t h i s  

The a u t h o r i t y ,  however, extends o n l y  t o  those f a c i l i t i e s  t h a t  DOE 

Today, a l l  enr ichment  f a c i l i t i e s  a r e  owned by DOE and opera ted  by a p r i -  

v a t e  c o r p o r a t i o n  under c o n t r a c t  w i t h  DOE. 
a r e  a l s o  r e g u l a t e d  by DOE. 
c o n t r a c t s  t o  opera te  DOE f a c i l i t i e s  c o n t a i n  a h e a l t h  and s a f e t y  c lause  which 

s t i p u l a t e s  t h a t  t h e  f a c i l i t y  w i l l  be opera ted  i n  accordance w i t h  DOE Orders. 
Because a DOE f i e l d  o f f i c e  may amend Orders t o  " f i t "  a p a r t i c u l a r  f a c i l i t y ,  t h e  

types o f  personnel  p r o t e c t i o n  programs a t  d i f f e r e n t  f a c i l i t i e s  may va ry  even 

though they  a r e  a l l  opera ted  f o r  DOE. 

As mentioned above, these f a c i l i t i e s  

Such f a c i l i t i e s  a r e  n o t  f o r m a l l y  l i c e n s e d .  A l l  

Imp lementa t ion  o f  h e a l t h  and s a f e t y  programs a t  DOE f a c i l i t i e s  i s  t h e  

r e s p o n s i b i l i t y  o f  t h e  program o f f i c e s .  

th rough t h e  DOE o p e r a t i o n s  o f f i c e s .  
i s t e r e d  by D O E ' S  Oak Ridge Opera t ions  O f f i c e .  

t h a t  t h e  government c o n t r a c t o r s  p r o v i d e  s u f f i c i e n t  h e a l t h  and s a f e t y  programs 

a t  enr ichment  f a c i l i t i e s ,  t h e r e f o r e ,  r e s t s  w i t h  Oak Ridge Opera t ions .  There 

T h i s  r e s p o n s i b i l i t y  i s  d i spa tched  

A l l  t h r e e  enr ichment  p l a n t s  a r e  admin- 

The r e s p o n s i b i l i t y  f o r  ensu r ing  
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a r e  t h r e e  mechanisms which t h e  o p e r a t i o n s  o f f i c e  may use t o  ensure p roper  
implementat ion o f  h e a l t h  and s a f e t y  programs: 

i n s p e c t i o n s ,  and a p p r a i s a l s .  

comp la in t  i n v e s t i g a t i o n s ,  

I n  i t s  r o l e  as h e a l t h  and s a f e t y  a d m i n i s t r a t o r ,  DOE does n o t  ope ra te  i n  a 
r e g u l a t o r y  atmosphere. The s a f e t y  program, t h e r e f o r e ,  operates under t h e  
concept t h a t  DOE i d e n t i f i e s  t h e  means o f  meet ing t h e  s a f e t y  and h e a l t h  program 

o b j e c t i v e s .  

e x p e r t i s e  and s t a f f  t h a t  can develop and execute t h e  program. The r o l e  o f  t h e  
o p e r a t i o n s  o f f i c e  i s  one o f  d i r e c t i o n  and consent.  

I t  i s  then  t h e  r e s p o n s i b i l i t y  o f  t h e  c o n t r a c t o r  t o  p r o v i d e  t h e  

DOE's s tandards f o r  r a d i a t i o n  p r o t e c t i o n  a r e  con ta ined  i n  DOE Order 5400 

These standards a r e  based upon t h e  recommendations o f  t h e  Chapter X I  (0524).  

Federal  R a d i a t i o n  Counci l  , t h e  Environmental  P r o t e c t i o n  Agency, and t h e  

N a t i o n a l  Counci l  on R a d i a t i o n  P r o t e c t i o n  and Measurement (NCRP).  D O E ' S  
standards f o r  uranium a r e  i d e n t i c a l  t o  those o f  t h e  NRC, except  f o r  t h e  l i m i t s  

f o r  n a t u r a l  uranium. These l i m i t s  a r e  based on t h e  " s p e c i a l  c u r i e . "  I n  

p r a c t i c e  t h e r e  i s  l i t t l e  d i f f e r e n c e  between D O E ' S  and NRC's r a d i a t i o n  
p r o t e c t i o n  s tandards f o r  n a t u r a l  uranium. 

D O E ' S  genera l  o p e r a t i o n a l  s a f e t y  standards a r e  con ta ined  i n  DOE Order 5001 

Standards s e t  f o r t h  i n  29 CFR P a r t  1910 a r e  a p p l i c a b l e  
Chapter I (0550). DOE f a c i l i t i e s  a r e  n o t  s u b j e c t  t o  t h e  Occupat ional  S a f e t y  
and H e a l t h  A c t  o f  1970. 

i n  a d d i t i o n  t o  DOE Order 5001 Chapter I (0550) requi rements.  Threshold l i m i t  

va lues ( p r e s c r i b e d  by A C G I H  1980) a r e  p a r t  o f  t h e  h e a l t h  p r o t e c t i o n  standards 
p r e s c r i b e d  by DOE. DOE's r a d i a t i o n  standards a r e  shown i n  Table 4.1. 

M o n i t o r i n g  f o r  exposures i s  r e q u i r e d  f o r  any i n d i v i d u a l  who has t h e  poten-  
t i a l  t o  r e c e i v e  a dose i n  excess o f  10% o f  t h e  q u a r t e r l y  o r  annual s tandard.  

M o n i t o r i n g  must be conducted f o r  e x t e r n a l  r a d i a t i o n - - p r i m a r i l y  by  dos imeters- -  

and i n t e r n a l  r a d i a t i o n - - p r i m a r i l y  by  b ioassay a n a l y s i s  and i n - v i v o  m o n i t o r i n g .  

Exposure t o  r a d i a t i o n  i n  excess o f  t h e  s tandards r e q u i r e s  t h a t  t h e  worker  

be p laced  on r e s t r i c t i o n - - t h a t  i s ,  reass igned t o  work t h a t  w i l l  n o t  i n c r e a s e  
exposure. 

maximum dose e q u i v a l e n t  i f  i t  i s  p o s s i b l e  t h e y  c o u l d  r e c e i v e  a d d i t i o n a l  

Employees a r e  sometimes p u t  on r e s t r i c t i o n  a t  l e v e l s  l e s s  t h a n  t h e  
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TABLE 4.1. R a d i a t i o n  P r o t e c t i o n  Standards f o r  Ex te rna l  
and I n t e r n a l  Exposures 

Dose Equi V a l  e n t  
Type o f  Exposure Exposure P e r i o d  ( rem> 

Whole body, head and y e a r  
t r u c k ,  gonads, eye l ens ,  q u a r t e r  
r e d  bone marrow, a c t i v e  
b lood- fo rming  organs 

U n l i m i t e d  areas o f  t h e  
s k i n  and o t h e r  organs 
and t i s s u e s  

Bone 

Forearms 

Hands and f e e t  

y e a r  
q u a r t e r  

5 
3 

15 
5 

y e a r  30 
q u a r t e r  10 

y e a r  
q u a r t e r  

y e a r  
quar t e r  

30 
10 

75 
25 

exposure t h a t  would exceed t h e  s tandard.  

l e s s  than t h e  maximum l e v e l  i s  l e f t  t o  t h e  d i s c r e t i o n  o f  t h e  c o n t r a c t o r .  

P l a c i n g  workers on r e s t r i c t i o n  f o r  

Records o f  exposure a r e  k e p t  by c o n t r a c t o r s  and r e p o r t e d  p e r i o d i c a l l y  t o  

DOE. 

4.6 SUMMARY 

The i n d u s t r y  has been r e g u l a t e d  by f e d e r a l  agencies ( i n c l u d i n g  AEC, ERDA, 

and c u r r e n t l y  DOE) s i n c e  i t s  i n c e p t i o n  i n  t h e  1940s. The uranium enr ichment  

i n d u s t r y  c o n s i s t s  o f  t h r e e  separa te  f a c i l i t i e s  w i t h  a t o t a l  o f  approx imate ly  
2000 workers w i t h  a p o t e n t i a l  f o r  uranium exposures. The g r e a t e s t  p o t e n t i a l  

f o r  i n h a l a t i o n  exposures i n  enr ichment  f a c i l i t i e s  i s  f rom i n a d v e r t e n t  re leases  

d u r i n g  sampl ing o f  uranium h e x a f l u o r i d e  (UF& which forms U02F2 and HF i n  t h e  

atmosphere; uF6 cy1 i n d e r  l o a d i n g  and un load ing ;  and maintenance opera t i ons .  

A program o f  f a c i l i t y  m o n i t o r i n g ,  exposure c o n t r o l  and e v a l u a t i o n  i s  designed 

t o  reduce p o t e n t i a l  exposures th rough i n h a l a t i o n .  E x t e r n a l  exposures a r e  n o t  

s i g n i f i c a n t .  
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(0 5.0 FUEL FABRICATION PLANTS 
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Fuel f a b r i c a t i o n  i s  a p h y s i c a l  and chemical  process t h a t  conve r t s  e n r i c h e d  

UF6 t o  uranium d i o x i d e  (U02) powder and then  mechan ica l l y  forms t h e  U02 i n t o  

p e l l e t s ,  which a r e  loaded i n t o  f u e l  assembl ies.  The c u r r e n t  f u e l  f a b r i c a t i o n  

i n d u s t r y  i n  t h e  U n i t e d  S t a t e s  c o n s i s t s  o f  seven f a c i l i t i e s  t h a t  pe r fo rm a l l  o r  
a p o r t i o n  o f  t h e  f a b r i c a t i o n  processes necessary t o  produce f i n i s h e d  f u e l  assem- 

b l i e s .  These f a c i l i t i e s  a r e  l o c a t e d  i n  Pennsylvania,  Connec t i cu t ,  V i r g i n i a ,  

N o r t h  Caro l i na ,  South Caro l i na ,  M i s s o u r i ,  and Washington S ta te .  Table 5.1 i s  a 

l i s t i n g  o f  t h e  f u e l  f a b r i c a t i o n  p l a n t s .  

t o  accept  e n r i c h e d  UFg as f e e d  and produce f i n i s h e d  f u e l  assembl ies.  Two o t h e r  
f a c i l i t y  c a r r y  t h e  process o n l y  as f a r  as UOp powder o r  p e l l e t  p r o d u c t i o n ,  t hen  

two d i f f e r e n t  f a c i l i t i e s  complete t h e  process by a c c e p t i n g  U02 powder o r  p e l -  

l e t s  and p roduc ing  f i n i s h e d  assemblies. 

Three f a c i l i t i e s  have t h e  c a p a b i l i t y  

TABLE 5.1. C u r r e n t l y  Opera t i ng  Fuel F a b r i c a t i o n  F a c i l i t i e s  

Company/Pl a n t  Name L o c a t i o n  Process 

Babcock and Wi l cox  Company 
Numec Fac i  1 i ty  Apo l l o ,  PA UF6 t o  U02 

B&W Fac i  1 i t y ( a )  

Combustion Eng ineer ing  I n c .  
CE Power System Hdqtr .  

CEI F a c i l i t y  

Exxon Company, USA 
Nuc lea r  Fuel F a b r i c a t i o n  
Fac i  1 i ty  

General El e c t r i  c Company 
Wi lmington F a c i l i t y  

Westinghouse E l e c t r i c  C o r p o r a t i o n  
' Columbia Fuel F a b r i c a t i o n  

Fac i  1 i ty  

powder 

f i z a l  assembly 
Lynchburg, VA UO powder t o  

Windsor, CT UO powder t o  
f i g a l  assembly 

dep and pg l  l e t s  
Hemat i  t e ,  MO UF to UO POW- 

Richland,  WA UF t o  f i n a l  
a sgemb 1 y 

Wilmington, NC UF t o  f i n a l  
asgemb 1 y 

Columbia, SC UF t o  f i n a l  
asg emb 1 y 

S t a r t u p  

1957 

1975 

1968 

1957 

1970 

1968 

1969 

Q ( a )  F a c i l i t i e s  v i s i t e d  by R e g i s t r y  personnel .  
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For  t h e  s i x  f u e l  f a b r i c a t i o n  f a c i l i t i e s  v i s i t e d  by R e g i s t r y  personnel ,  

The e n t i r e  i n d u s t r y  has approx ima te l y  1400 p r o d u c t i o n  and main- 
p r o d u c t i o n  c a p a c i t i e s  ranged f rom 330 t o  880 tons  o f  uranium p e r  y e a r  (299 t o  

798 t / y r ) .  
tenance workers. 

b 
SOLID 

F6 

5.1 PROCESS DESCRIPTION 

The t h r e e  b a s i c  phases o f  f u e l  f a b r i c a t i o n  a r e  t h e  p r o d u c t i o n  o f  U02 
powder, t h e  p r o d u c t i o n  o f  s i n t e r e d  p e l l e t s ,  and f i n a l  f u e l  assembly. 

a d d i t i o n ,  f a c i l i t i e s  commonly have waste r e c y c l e  ope ra t i ons  t o  recove r  uranium 

from process wastes. F igu re  5 .1  i s  a diagram o f  t h e  t h r e e  phases. 

I n  

Fuel f a b r i c a t i o n  f a c i l i t i e s  a r e  t y p i c a l l y  l a r g e  s tandard- type i n d u s t r i a l  

b u i l d i n g s  w i t h  a s i n g l e  noncompartmental ized process area f o r  powder and p e l l e t  

p roduc t i on .  Th is  process area, which i n c l u d e s  t h e  p i n  l o a d i n g  s tep  i n  t h e  f u e l  

assembly process, comprises t h e  c o n t r o l l e d  area  o r  area o f  a i r b o r n e  contamina- 
t i o n  p o t e n t i a l .  Beyond t h e  p i n  l o a d i n g  s tep,  a l l  r a d i o a c t i v e  m a t e r i a l  i s  con- 

t a i n e d  w i t h i n  t h e  f u e l  p i n  c ladd ing .  

f rom t h e  remainder  o f  t h e  p l a n t  and i s  ma in ta ined  a t  a n e g a t i v e  r e l a t i v e  

The c o n t r o l l e d  area i s  p h y s i c a l l y  separated 

DRYING uO2 ADU VAPORIZATION U02F2 

HYDROLYZATION 
AN D PRECIPITATION AN D b PACKAGING - 

CALC I NAT I ON 

p ressure .  

POWDER 
P RO DUCT I ON 

PELLET 
PRODUCT1 ON 

FUEL 
ASSEMBLY 

POWDER 

I 
S I NTE R I NG 

GRINDING 
AND - ADDITION SLUG PELLET 

OF BINDER * PRODUCTION - GRANULATloN PRODUCTION - 
S I NTERED PINS FILLED ARRANGEMENT 

OF PINS INTO 
HELIUM ASSEM ELI ES 

FIGURE 5.1. Flow Diagram o f  Fuel F a b r i c a t i o n  Process 
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The f o l l o w i n g  i s  a b r i e f  rev iew  o f  t h e  t h r e e  phases o f  t h e  f u e l  f a b r i c a -  

t i o n  process. 

5.1.1 Powder P roduc t i on  

S o l i d  UF6 which has been e n r i c h e d  i n  235U (2% t o  5%) i s  sh ipped t o  t h e  

f u e l  f a b r i c a t i o n  f a c i l i t y  i n  2.5-ton s t e e l  c y l i n d e r s .  P r i o r  t o  process ing,  t h e  

uF6 i s  vapor ized.  

f o r  s i x  hours.  

t h e  v a p o r i z e r s ,  t h e  UF6 i s  p i p e d  t o  a h y d r o l y z a t i o n  column where a r e a c t i o n  

w i t h  wa te r  spray a t  atmospher ic p ressu re  forms u r a n y l  f l u o r i d e  (U02F2) and 

h y d r o f l u o r i c  a c i d  (HF). I f  necessary, t h e  u r a n y l  f l u o r i d e  i s  pumped i n t o  a 

second column f o r  pH adjustment  b e f o r e  b e i n g  p i p e d  t o  t h e  p r e c i p i t a t i o n  

equipment. 

T h i s  i s  accomplished by  p l a c i n g  t h e  c y l i n d e r s  i n  v a p o r i z e r s  

T h i s  heats  t h e  Ur-6 t o  temperatures between 60°C and 80°C. From 

The u r a n y l  f l u o r i d e  i s  r e a c t e d  w i t h  ammonium hyd rox ide  t o  f o r m  ammonium 

d i u r a n a t e  p r e c i p i t a t e  [ (NH4)2U207] and water .  

e i t h e r  a p r e c i p i t a t i o n  column o r  m i x i n g  t rough .  

enhanced by hoe-type m ixe rs  t h a t  rake  t h e  m i x t u r e  back and f o r t h .  

T h i s  r e a c t i o n  takes p l a c e  i n  

I n  t h e  t rough ,  m i x i n g  i s  

The ammonium d i u r a n a t e  s l u r r y  i s  "dewatered" t o  a pas te  cons is tency  (50% 

s o l i d )  b e f o r e  b e i n g  s e n t  t o  t h e  d r y e r s .  

use i n c l u d e s  c e n t r i f u g e s ,  a cont inuous b e l t  apparatus t h a t  uses a p a r t i a l  

vacuum t o  p u l l  excess wa te r  o u t  o f  t h e  paste,  and s e t t l i n g  tanks.  

wa te r  i s  f e d  th rough  f i l t e r s  and t r e a t e d  b e f o r e  b e i n g  re leased.  

i n c l u d e  g a s - f i r e d  and i n f r a r e d  lamp d r y e r s ,  b o t h  o f  which produce ammonium 
d i u r a n a t e  w i t h  2% t o  5% m o i s t u r e  con ten t .  

"Dewater ing" equipment c u r r e n t l y  i n  

The excess 

The d r y e r s  

C a l c i n a t i o n  o f  t h e  ammonium d i u r a n a t e  t o  uranium d i o x i d e  (U02) takes  p l a c e  
i n  a g a s - f i r e d  r o t a r y  c a l c i n e r  under a hydrogen atmosphere o r  a cracked ammonia 

atmosphere. 

conve rs ion  t o  uranium o x i d e  (U308) i n  a r o t a r y  c a l c i n e r  under an a i r  
atmosphere. 

C a l c i n a t i o n  i s  sometimes a two-stage process w i t h  i n t e r m e d i a t e  

A f t e r  c a l c i n a t i o n ,  t h e  U02 i s  conveyed t o  a hammer m i l l  f o r  p u l v e r i z a t i o n  

f o l l o w e d  by  l oad -ou t  i n t o  p l a s t i c  c o n t a i n e r s  a t  some f a c i l i t i e s  o r  by  conveyor 

t r a n s p o r t  d i r e c t l y  t o  t h e  p e l l e t  area a t  o t h e r s .  

homogenation o p e r a t i o n  t h a t  empt ies a ba tch  o f  c o n t a i n e r s ,  t hen  r e f i l l s  them a 

Some f a c i l i t i e s  i n c l u d e  a 
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l a y e r  a t  a t ime  from each o f  t h e  o t h e r  con ta ine rs .  A t  f a c i l i t i e s  t h a t  t e r m i -  

na te  t h e  process a t  t h i s  p o i n t ,  t h e  c o n t a i n e r s  a r e  p laced i n t o  t r a n s p o r t a t i o n  
overpacks f o r  shipment t o  o t h e r  f a c i l i t i e s .  

sample of t h e  U02 i s  pressed and s i n t e r e d  t o  v e r i f y  t h e  a c c e p t a b i l i t y  o f  t h e  

U02 shipment. 

p roduc t i on .  

Be fo re  shipment, a r e p r e s e n t a t i v e  

The n e x t  s tage i n  t h e  f u e l  f a b r i c a t i o n  process i s  p e l l e t  

5.1.2 P e l l e t  P roduc t i on  

Conta iners  o f  U02, whether r e c e i v e d  f rom t h e  powder p r o d u c t i o n  area o r  a 

separate f a c i l i t y ,  a r e  opened and t h e  con ten ts  sampled. 
then resea led  and taken t o  t h e  p e l l e t i z i n g  area. Here U02 powder c o n t a i n e r s  

a r e  empt ied i n t o  a l a r g e  b l e n d i n g  hopper o r  f l u i d i z e d  bed b lender  a long  w i t h  

b i n d e r  m a t e r i a l  and a r e  blended. 

b inde r .  I n  these cases, U02 c o n t a i n e r s  a r e  empt ied i n  a hood and t h e  U02 i s  

f e d  th rough a r o l l  press.  

The c o n t a i n e r s  a r e  

Some f a c i l i t i e s  p ress  t h e  U02 b e f o r e  adding 

The c o n t a i n e r s  a r e  then r e f i l l e d  and t h e  b i n d e r  i s  
added. 

empt ied i n t o  a hopper. 

B lend ing  i s  accomplished by r o l  

From t h e  hopper, t h e  U02/b inder  i s  

n i c k e l - s i z e d  U02 s lugs .  The s lugs  a r e  

i n g  t h e  c o n t a i n e r s ,  which a r e  then 

f e d  i n t o  a s l u g  press  t h a t  produces 

i f t e d  by an e l e v a t o r  t o  a g r a n u l a t o r y  

t h a t  produces g r a n u l a t e d  U02 feed  t o  t h e  p e l l e t  press.  

The p e l l e t  p ress  takes  t h e  U02 feed and produces green ( u n s i n t e r e d )  

p e l l e t s .  

p e l l e t  e x i t  p o i n t .  
s i n t e r i n g  furnace.  

and a r e  s i n t e r e d  i n  a hydrogen atmosphere. 

The press  i s  con ta ined  w i t h i n  a v e n t i l a t e d  enc losu re  open o n l y  a t  t h e  

The p e l l e t s  a r e  loaded by  hand on to  t r a y s  and taken t o  t h e  

The t r a y s  o f  p e l l e t s  move th rough t h e  fu rnace  a u t o m a t i c a l l y  

S i n t e r e d  p e l l e t s  a r e  gound, wet  o r  d ry ,  t o  t h e  p roper  dimensions. When 

d r y  g r i n d i n g  i s  used, t h e  equipment i s  con ta ined  w i t h i n  a v e n t i l a t e d  p l e x i g l a s s  

enc losure .  The ground p e l l e t s  a r e  

randomly t e s t e d  chemica l l y  and f o r  s i z e .  

and packaged f o r  s to rage  u n t i l  needed i n  t h e  f u e l  assembly area. 

Wet g r i n d i n g  i s  done i n  an unenclosed area. 

A l l  p e l l e t s  a r e  v i s u a l l y  i nspec ted  
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5.1.3 Fuel  Assembly 

The inspec ted  U02 p e l l e t s  a r e  taken t o  t h e  p i n  l o a d i n g  area where they  a r e  

mechan ica l l y  f e d  i n t o  prepared f u e l  p i n s .  Once f i l l e d ,  t h e  p i n  i s  sealed w i t h  

an end cap, wiped c lean,  checked f o r  contaminat ion,  and removed f rom t h e  con- 

t r o l l e d  area. Beyond t h i s  p o i n t ,  t h e  p e l l e t s  a r e  con ta ined  w i t h i n  sealed f u e l  

p i n s  and t h e  process areas a r e  considered noncon t ro l  areas ( l o w  a i r b o r n e  con- 

t a m i n a t i o n  p o t e n t i a l ) .  

A f t e r  t h e  end caps a r e  welded, t h e  p i n s  a r e  evacuated th rough  a l a s e r -  

produced h o l e  i n  t h e  end cap and f i l l e d  w i t h  h e l i u m  gas. 

shu t  and t h e  p i n s  a r e  processed th rough  a s e r i e s  o f  c l e a n i n g  and t e s t i n g  QA 

steps. Acceptable p i n s  a r e  assembled i n t o  f i n a l  f u e l  assembl ies t h a t  a r e  

i nspec ted  and p laced  i n t o  s to rage  t o  a w a i t  shipment. 

The h o l e  i s  welded 

Some o f  t h e  f a b r i c a t i o n  p l a n t s  i n c l u d e  equipment and f a c i l i t i e s  f o r  t h e  

manufacture o f  o t h e r  f u e l  assembly components. These components i n c l u d e  

gado l i n ium po ison  rods and boron c a r b i d e  c o n t r o l  rods.  

components i n v o l v e s  work ing  w i t h  gado l i n ium and boron c a r b i d e  powders, and, i n  

t h e  case o f  gadol in ium, t h e  p r o d u c t i o n  o f  gado l i n ium p e l l e t s .  

The p r o d u c t i o n  o f  t hese  

5.2 RADIOLOGICAL EXPOSURES 

T h i s  s e c t i o n  p rov ides  a d i s c u s s i o n  of r a d i o l o g i c a l  occupa t iona l  exposures 

i n  t h e  t h r e e  b a s i c  phases o f  f u e l  f a b r i c a t i o n .  

r o u t i n e  o p e r a t i o n s ,  p e r i o d i c  maintainance, o r  as a r e s u l t  o f  a c c i d e n t a l  l o s s  o f  
containment. 

Exposures may occu r  d u r i n g  

A s i g n i f i c a n t  p o r t i o n  o f  t h e  f u e l  f a b r i c a t i o n  process c o n s i s t s  o f  powder 

h a n d l i n g  o p e r a t i o n s  i n v o l v i n g  i n s o l u b l e  uranium compounds. 
i n h a l a t i o n  i s  a ma jo r  concern. 

p o s s i b l e  t o  be exposed t o  a uranium compound w h i l e  n o t  a c t u a l l y  work ing  a t  t h e  

l o c a t i o n  o f  a re lease ;  t h e r e f o r e ,  exposures t o  a m i x t u r e  o f  compounds f rom 

d i f f e r e n t  process areas c o u l d  occur.  I n t e n s i v e  q u a l i t y  c o n t r o l  i n s p e c t i o n s  

r e q u i r e d  i n  t h e  f u e l  assembly area r e s u l t  i n  t h e  most s i g n i f i c a n t  e x t e r n a l  

exposures. 

As a r e s u l t ,  
The open l a y o u t  o f  t h e  c o n t r o l l e d  area makes i t  
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T h i s  s e c t i o n  rev iews r a d i o l o g i c a l  exposures i n  t h e  t h r e e  phases o f  t h e  

fue l  f a b r i c a t i o n  process. 

5.2.1 Powder P roduc t i on  

Workers cou ld  p o t e n t i a l l y  be exposed t o  U02F2 which i s  formed when UF6 

Any uF6 l e f t  i n  t h e  l i n e  t o  a 

Chronic  

comes i n t o  c o n t a c t  w i t h  m o i s t u r e  i n  t h e  a i r .  

c y l i n d e r  when t h e  connect ion  i s  broken w i l l  escape and fo rm U02F2. 

exposure t o  uF6 i s  u n l i k e l y  as ve ry  smal l  amounts o f  U02F2 fo rm a r e a d i l y  

apparent  w h i t e  m i s t  i n  t h e  a i r .  
equipment p r e v e n t i n g  r e l e a s e  o f  process m a t e r i a l  d u r i n g  r o u t i n e  opera t i on .  

The h y d r o l i z a t i o n  s tep  takes p l a c e  i n  enc losed 

There i s  a h i g h e r  p r o b a b i l i t y  o f  r e l e a s i n g  ADU i n t o  t h e  work ing  env i ron -  

ment i n  those f a c i l i t i e s  t h a t  use a hooded m i x i n g  t rough  as opposed t o  those 

t h a t  use a c losed  p r e c i p i t a t i o n  column. 

p a r t i c u l a t e  r a d i o a c t i v e  m a t e r i a l  i n  t h e  a i r  a r e  n o t  a s i g n i f i c a n t  hazard, t h e  

s o l u t i o n  can come i n t o  c o n t a c t  w i t h  t h e  s k i n  owing t o  sp lash ing  d u r i n g  t h e  
m i x i n g  process. 

exposure t o  r a d i o a c t i v e  m a t e r i a l s .  
c o n t r i b u t e d  t h e  h i g h e s t  worker  exposures a t  some p l a n t s .  

A l though t h e  concen t ra t i ons  o f  

Absorp t i on  th rough t h e  s k i n  c o u l d  be a s i g n i f i c a n t  pathway o f  

The area i n  which t h e  ADU i s  handled 

As t h e  ADU passes th rough t h e  d rye rs ,  m o i s t u r e  c o n t e n t  i s  f u r t h e r  reduced 

A l though t h e  r e s u l t i n g  ADU i s  a d r y  powder, t h e  d r y i n g  equipment t o  3% t o  5%. 
i s  enc losed p r e v e n t i n g  s i g n i f i c a n t  re lease.  The i n t e r i o r  o f  some d r y i n g  
equipment i s  r e a d i l y  a c c e s s i b l e  th rough no rma l l y  c losed  i n s p e c t i o n  p o r t s  

r e p r e s e n t i n g  a p o t e n t i a l  source o f  exposure. 

C a l c i n a t i o n  t o  U02 and p u l v e r i z a t i o n  b o t h  t a k e  p l a c e  i n  enc losed equipment 

t h a t  no rma l l y  does n o t  a l l o w  m a t e r i a l  t o  be re leased.  

equipment between t h e  c a l c i n e r  and b a l l  m i l l  as w e l l  as t h e  b a l l  m i l l  enc losu re  

a r e  sub jec ted  t o  equipment v i b r a t i o n  and mot ion.  

leakage and l o c a l l y  i nc reased  a i r  concen t ra t i ons .  

ground a i r  c o n c e n t r a t i o n  i n  t h i s  area was about  40% o f  t h e  maximum p e r m i s s i b l e  

c o n c e n t r a t i o n  (10 CFR Appendix B ) .  

The enclosed conveying 

T h i s  has r e s u l t e d  i n  sea l  

A t  some p l a n t s ,  t h e  back- 

O v e r a l l ,  genera l  background c o n c e n t r a t i o n s  o f  a i r b o r n e  uranium i n  t h e  
powder p r o d u c t i o n  area a r e  on t h e  o r d e r  o f  25% o f  MPC (10 CFR 20, Appendix B ) .  
A i r  concen t ra t i ons  f o r  s p e c i f i c  l o c a t i o n s  may exceed t h e  background l e v e l s .  
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5.2.2 P e l l e t  P r o d u c t i o n  

The f i r s t  s t e p  i n  t h e  p e l l e t  p r o d u c t i o n  process i s  powder sampling. I n  

t h e  case o f  U02 a r r i v i n g  i n  c o n t a i n e r s ,  t h e  c o n t a i n e r  i s  p laced  i n  o r  near  a 

v e n t i l a t e d  hood, t h e  l i d  i s  removed, and t h e  sample i s  taken. 
c o n c e n t r a t i o n s  i n  t h i s  area have been i n  t h e  range 25% o f  t h e  MPC. 

Average a i r  

B i n d e r  i s  added t o  t h e  U02 c o n t a i n e r s  d i r e c t l y  o r  i s  mixed w i t h  U02 u s i n g  

b l e n d i n g  equipment. A t  f a c i l i t i e s  u s i n g  t h e  f i r s t  method, t h e  c o n t a i n e r  i s  

manual ly  opened i n s i d e  an open-faced hood and a premeasured amount o f  b i n d e r  i s  

added. The c l o s e d  c o n t a i n e r  i s  then r o l l e d  t o  b l e n d  i n  t h e  b i n d e r .  F a c i l i t i e s  

u s i n g  b l e n d i n g  equipment e i t h e r  feed t h e  U02 d i r e c t l y  t o  t h e  equipment f rom t h e  

powder area o r ,  i f  c o n t a i n e r s  a r e  used, manual ly  empty t h e  c o n t a i n e r s  i n s i d e  a 

g l o v e  box and i n t o  t h e  equipment. 

P rep ress ing  equipment c o n s i s t s  o f  e i t h e r  a r o l l  press o r  s l u g  press 

fo l l owed  by a g r a n u l a t o r .  

connec t ing  s l u g  e l e v a t o r ,  a r e  enc losed and v e n t i l a t e d  w i t h  t h e  U02 f e d  t o  t h e  

press and removed f rom t h e  g r a n u l a t o r  a u t o m a t i c a l l y .  

f u l l y  enc losed and v e n t i l a t e d .  

press i n  v e n t i l a t e d  hoods. 

process a t  t h i s  p o i n t .  

The s l u g  press and g r a n u l a t o r ,  i n c l u d i n g  t h e  

The r o l l  press i s  a l s o  

The U02 i s  manual ly  f e d  t o  and removed f rom t h e  

Recycled U308 powder i s  a l s o  f e d  back i n t o  t h e  

The p e l l e t  presses a r e  con ta ined  i n  v e n t i l a t e d  P l e x i g l a s  enc losures t h a t  

a r e  open a t  t h e  d i e  f o r  p e l l e t  removal. 

opening t o  remove p e l l e t s  as t h e y  a r e  produced and p l a c e  them on t r a y s  f o r  

range o f  25% t o  50% o f  t h e  a l l o w a b l e  l i m i t s .  

The worker  i s  p o s i t i o n e d  a t  t h e  

s i n t e r i n g .  Average a i r b o r n e  c o n c e n t r a t i o n s  i n  t h i s  a r e a  a r e  commonly i n  t h e  

A f t e r  s i n t e r i n g ,  t h e  p e l l e t s  a r e  ground t o  t h e  p r o p e r  dimensions u s i n g  
e i t h e r  wet o r  d r y  g r i n d i n g  equipment. Wet g r i n d i n g  m a i n t a i n s  a c o n s t a n t  f l o w  

o f  wa te r  on t h e  p e l l e t ,  e l i m i n a t i n g  t h e  need f o r  an enc losu re  and v e n t i l a t i o n  

a l though  some s p l a t t e r i n g  does occur.  The d r y  g r i n d i n g  equipment i s  comp le t l ey  

enclosed and v e n t i l a t e d  d u r i n g  o p e r a t i o n  excep t  f o r  a smal l  i n l e t  and o u t l e t  

p o r t  f o r  t h e  p e l l e t s .  A i r b o r n e  c o n c e n t r a t i o n s  i n  t h i s  a rea  a r e  n o r m a l l y  n o t  

g r e a t e r  t han  t h e  genera l  area background c o n c e n t r a t i o n  range o f  20% t o  40% o f  
MPC. 
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5.2.3 Fuel Assembly 

I n  t h e  fue l  f a b r i c a t i o n  process o n l y  t h e  p i n  l o a d i n g  s t e p  i n v o l v e s  

h a n d l i n g  unconta ined uranium. A i rbo rne  c o n c e n t r a t i o n s  i n  t h e  p i n  l o a d i n g  area 

range f rom 5% t o  20% o f  t h e  10 CFR 20 a l l o w a b l e  l i m i t .  

hazard i n  t h i s  area i s  t h e  use o f  l ase rs .  A l a s e r  i s  used t o  d r i l l  t h e  h o l e  i n  
end caps, b u t  s i n c e  t h e  u n i t  i s  e n t i r e l y  enc losed and i n  a f i x e d  p o s i t i o n ,  no 

hazard i s  apparent. 

A p o t e n t i a l  p h y s i c a l  

The remainder o f  t h e  f u e l  assembly process i n v o l v e s  hand l i ng  sea led  f u e l  

p i n s  t h a t  p reven t  a i r b o r n e  r e l e a s e  o f  t h e  U02 

e x t e n s i v e  i n s p e c t i o n  r e q u i r e d  f o r  p i n s  and p a r t i c u l a r l y  t h e  f i n i s h e d  assemblies 

r e s u l t s  i n  t h e  h i g h e s t  e x t e r n a l  gamma doses t o  f u e l  f a b r i c a t i o n  workers.  

Average annual dose i s  on t h e  o r d e r  o f  500 mrem w i t h  maximum i n d i v i d u a l  annual 

doses as h i g h  as 2 rem. 

under  normal c o n d i t i o n s .  The 

5.3 NONRADIOLOIGCAL HAZARDS 

The most p r e v a l e n t  n o n r a d i o l o g i c a l  exposure th roughout  f u e l  f a b r i c a t i o n  

f a c i l i t i e s  i s  t o  ammonia used i n  t h e  powder p r o d u c t i o n  phase. 

v i s i t e d ,  a s t r o n g  odor  o f  ammonia gas was n o t i c e a b l e  i n  t h e  au toc lave  area, b u t  

t h e  gas was r e p o r t e d l y  coming f r o m  t h e  ammonia recove ry  p l a n t .  There, a waste- 

r e c e i v i n g  tank  i s  vented  t o  t h e  atmosphere i n  a manner t h a t  o c c a s i o n a l l y  causes 

ammonia t o  r e t u r n  t o  t h e  p l a n t .  

uncommon, and a scrubber  t o  preven t  gas r e c i r c u l a t i o n  i s  t o  be added t o  t h e  

system. I n  another  
f a c i l i t y ,  an ammonium hyd rox ide  tank  i n  t h e  ADU area  had a p lugged l i n e ,  and 

t h e  s o l u t i o n  had backed up and s p i l l e d  o n t o  t h e  f l o o r .  

produce an a i r b o r n e  ammonia l e v e l  o f  75 t o  100 ppm ( t h e  "normal" l e v e l  i s  

r e p o r t e d l y  5 t o  10 ppm). The f l o o r  l ooked  as i f  many s p i l l s  o r  l eaks  had 

occurred.  I n  o r d e r  t o  determine ammonia l e v e l s  i n  t h i s  area,  b r e a t h i n g  zone 

and area samples a r e  taken p e r i o d i c a l l y .  

I n  one f a c i l i t y  

Concent ra t ions  as h i g h  as 15 ppm a r e  n o t  

The TLV-TWA f o r  ammonia i n  a i r  i s  25 ppm (ACGIH 1980). 

T h i s  was cons idered t o  

A f t e r  t h e  ADU and U308 a r e  c a l c i n e d  i n  t h e  powder p r o d u c t i o n  phase, 

a d d i t i o n a l  p o t e n t i a l  f o r  f l u o r i d e  exposure e x i s t s .  I n  a l l  f a c i l i t i e s  v i s i t e d ,  
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occupa t iona l  exposures t o  f l u o r i d e s  a r e  ex t reme ly  low, and t h e  concern w i t h  

r e s p e c t  t o  f l u o r i d e s  i s  env i ronmenta l  ( f r o m  s tack  emiss ions ) .  T h i s  c o n c l u s i o n  

was based on p a s t  m o n i t o r i n g  a c t i v i t i e s .  

I n  t h e  f u e l  assembly phase, completed f u e l  assembl ies a r e  c leaned w i t h  

acetone, which i s  o b t a i n e d  f rom a d i spenser  and manual ly  wiped o n t o  t h e  assemb- 

l i e s .  
p resen t  a problem. 

Al though no q u a n t i t a t i v e  da ta  were a v a i l a b l e ,  exposure t o  acetone may 

N i t r i c  a c i d  i s  used t o  d i s s o l v e  uranium i n  waste recove ry  o p e r a t i o n s .  

N i t r i c  a c i d  i s  a l s o  used f o r  c l e a n i n g  purposes a t  t h e  ammoniator. These opera- 

t i o n s  i n v o l v e  p o t e n t i a l  exposures t o  peak c o n c e n t r a t i o n s  o f  N02-NOx, e s p e c i a l l y  

d u r i n g  t h e  opening o f  d i g e s t e r  doors. Sampling has been done f o r  ox ides  o f  

n i t r o g e n  a t  t h e  f a c i l i t i e s .  Pe rch lo roe thy lene  and t r i b u t y l  phosphate a r e  used 

i n  c o n j u n c t i o n  w i t h  n i t r i c  a c i d  f o r  waste c leanup i n  a t  l e a s t  one f a c i l i t y .  

Exposures t o  these vapors r e p o r t e d l y  a r e  n o t  excess ive.  

Another area o f  p o t e n t i a l  a i r b o r n e  ammonia i s  i n  t h e  r a d i o a c t i v e  waste 

area where ammonium hyd rox ide  i s  used. 

50 ppm, and t h e  odor o f  ammonia was e a s i l y  n o t i c e a b l e  d u r i n g  o u r  v i s i t .  

t h i s  and a l l  areas where s p i l l s  o r  l e a k s  may occur ,  c leanup i s  u s u a l l y  accomp- 

l i s h e d  by a s imp le  mopping procedure.  T h i s  suggests t h a t  maintenance personne 

may be exposed t o  t h e  h i g h e s t  ammonia c o n c e n t r a t i o n s .  

Normal gas l e v e l s  he re  a r e  30 t o  

Fo r  

O the r  chemicals o f  i n t e r e s t  used i n  f a b r i c a t i o n  i n c l u d e  t r i c h l o r o e t h y l e n e  

t r i c h l o r o e t h a n e ,  h y d r o f l u o r i c  a c i d ,  sodium hydrox ide,  and h y d r o c h l o r i c  a c i d .  
A v a r i e t y  o f  t h e  p o t e n t i a l  hazards common t o  t h e  r e s t  o f  t h e  uranium i n d u s t r y  

a r e  a l s o  found i n  f u e l  f a b r i c a t i o n ,  f o r  i n s t a n c e  w e l d i n g  and m e t a l - c l e a n i n g  

procedures.  

5.4 RADIOLOGICAL HEALTH PRACTICES 

R a d i o l o g i c a l  h e a l t h  p r a c t i c e s  a t  f u e l  f a b r i c a t i o n  f a c i l i t i e s  i n c l u d e  f a c i l -  

i t y  m o n i t o r i n g  and exposure c o n t r o l  and e v a l u a t i o n ,  which a r e  d e s c r i b e d  below. 

5.4.1 F a c i l i t y  M o n i t o r i n g  

B r e a t h i n g  a i r  i n  t h e  work ing  environment a t  f u e l  f a b r i c a t i o n  f a c i l i t i e s  i s  

Two types o f  a i r  samples a r e  mon i to red  f o r  a i r b o r n e  p a r t i c u l a t e  r a d i o a c t i v i t y .  
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taken, genera l  a rea  o r  background samples and b r e a t h i n g  zone samples. 

t h a t  a r e  made up o f  seve ra l  s p e c i f i c  work s t a t i o n s  (e.g., p e l l e t  p r o d u c t i o n  

process)  l e n d  themselves t o  b r e a t h i n g  zone samples. 

f i x e d  work l o c a t i o n s  (e.g., powder p r o d u c t i o n  process)  l e a d  t o  a g r e a t e r  depend- 

ence on genera l  area samples. 

Processes 

Processes t h a t  have few 

Fuel f a b r i c a t i o n  f a c i l i t i e s  have between 100 and 160 f i x e d  a i r  sampler 

l o c a t i o n s .  

a i r  i s  c o n s t a n t l y  sampled and t h e  samples a r e  p e r i o d i c a l l y  c o l l e c t e d  and ana- 

lyzed.  
r e a l - t i m e  i n d i c a t i o n s  o f  a i r  concen t ra t i ons  i n  s e l e c t e d  areas t h a t  have h i g h e r  

a i r  concen t ra t i ons .  These systems a r e  o f t e n  s e t  t o  a la rm i n  t h e  event  o f  h i g h  

r a d i a t i o n  l e v e l s .  Some f a c i l i t i e s  use h i g h  volume a i r  samplers d u r i n g  s p e c i a l  

a c t i v i t e s  such as maintenance. Samples f rom cont inuous  a i r  m o n i t o r i n g  systems 

a r e  c o l l e c t e d  a t  t h e  end o f  every  s h i f t  and counted f o r  t o t a l  a c t i v i t y  o r  f o r  
gross  alpha.  T h i s  i s  t y p i c a l  f o r  m o n i t o r s  i n  t h e  c o n t r o l l e d  area. I n  t h e  
u n c o n t r o l l e d  area,  t h e  a i r  i s  n o t  c o n t i n u o u s l y  moni tored.  Ins tead,  p e r i o d i c  

g rab  samples a r e  ob ta ined.  

The samplers a r e  m o s t l y  cont inuous  a i r  m o n i t o r i n g  systems where t h e  

Some f a b r i c a t i o n  f a c i l i t i e s  employ a i r  m o n i t o r i n g  sytems t o  p r o v i d e  

Lapel samplers a r e  used a t  a l l  f a c i l i t i e s  f o r  r o u t i n e  spo t  checks. These 

dev ices a r e  a l s o  used i n  i ns tances  o f  suspected h i g h  a i r b o r n e  con tamina t ion  

l e v e l s .  

Ex te rna l  r a d i a t i o n  l e v e l s  a r e  mon i to red  by r o u t i n e  gamma surveys o r  dosim- 

e t e r s  (TLDs o r  f i l m )  l o c a t e d  th rough t h e  process areas. 

Sur face  con tamina t ion  surveys a r e  conducted r o u t i n e l y  by  a l l  f u e l  f a b r i c a -  

These surveys can sometimes be conducted bo th  v i s u a l l y  and by 

The schedules f o r  t a k i n g  smears v a r i e s  depending on 

t i o n  f a c i l i t i e s .  

t a k i n g  smear samples. 

l o c a t i o n  i n  t h e  p l a n t .  

5.4.2 Exposure Con t ro l  

Personnel exposures a r e  c o n t r o l l e d  th rough b a s i c  eng inee r ing  des ign,  t h e  
use o f  r e s p i r a t o r y  p r o t e c t i o n ,  p r o t e c t i v e  c l o t h i n g ,  and employee t r a i n i n g  

programs. 
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Process and equipment containment,  d u s t  c o l l e c t i o n  and i n d o o r  area v e n t i -  

l a t i o n  a r e  t h e  p r imary  eng ineer ing  des ign  f e a t u r e s  t h a t  p r e v e n t  a i r b o r n e  r a d i o -  

a t i v e  m a t e r i a l  f r o m  reach ing  unacceptable l e v e l s .  

takes p l a c e  i n  an area which i s  somewhat i s o l a t e d  ( o f t e n  w i t h  a p l a s t i c  hood) 

The v a p o r i z a t i o n  o f  UF6 

f rom t h e  main process area and which has a separate v e n t i l a t i o n  system. 

p r o t e c t s  t h e  workers f rom excess i ve  exposure t o  uF6 which can occur  when t h e  

connect ions t o  t h e  UF6 c y l i n d e r s  a r e  broken. Areas o f  t h e  f a c i l i t y  a r e  c leaned 

f r e q u e n t l y  t o  remove any d u s t  and powder t h a t  may accumulate. 
t h e  p e l l e t  press area i s  mopped a t  l e a s t  t h r e e  t imes a day t o  remove any source 

o f  contaminat ion.  

t h rough  h i g h  e f f i c i e n c y  p a r t i c u l a t e  a i r  (HEPA) f i l t e r s  and charcoal  f i l t e r s .  

T h i s  

A t  some p l a n t s ,  

The a i r  i n  t h e  f a c i l i t i e s  can be c leaned by  c i r c u l a t i n g  i t  

Where necessary,  i n h a l a t i o n  exposures a r e  c o n t r o l l e d  th rough  t h e  use o f  
r e s p i r a t o r y  p r o t e c t i o n .  R e s p i r a t o r s  a r e  r e q u i r e d  f o r  c e r t a i n  o p e r a t i o n s  i n  

areas o f  h i g h  a i r  concen t ra t i ons .  Some f a c i l i t i e s  r e q u i r e  a i r  masks i n  t h e  

v a p o r i z a t i o n  area when t h e  UF6 c y l i n d e r  connect ions a r e  broken and i n  t h e  

p e l l e t  area when t h e  connec t ion  t o  t h e  g r a n u l a t o r  i s  made o r  broken. 

p l a n t s  do n o t  r e q u i r e  r e s p i r a t o r s  d u r i n g  normal o p e r a t i o n ,  a1 though they  a r e  

used when t e a r i n g  down o r  s e r v i c i n g  a p i e c e  o f  equipment. Most f a c i l i t i e s  have 

o n s i t e  mask f i t t i n g  and t e s t i n g  equipment and can f i t  t h e i r  employees w i t h  more 
than  one t y p e  o f  r e s p i r a t o r .  

O the r  

Working c l o t h i n g  o r  o v e r a l l s  a r e  used by a l l  f a c i l i t i e s  f o r  personnel  

con tamina t ion  c o n t r o l  w i t h  c e r t a i n  processes r e q u i r i n g  a d d i t i o n a l  p r o t e c t i o n .  
Fo r  example, g loves  may be r e q u i r e d  a t  t h e  r o l l  press because o f  t h e  c l o s e  
p r o x i m i t y  o f  t h e  worker  t o  open t r a y s  o f  U02 and U308. 

reduces b e t a  exposures t o  worke rs '  hands. 
l e a s t  one f a c i l i t y  i n  an area where uranium d i o x i d e  i s  dumped i n t o  p o l y - l i n e d  

f i b e r  buckets.  

The use o f  g loves  

Eye p r o t e c t i o n  i s  r e q u i r e d  by a t  

A l l  uranium p r o d u c t i o n  f a c i l i t i e s  a r e  r e q u i r e d  t o  p r o v i d e  a r a d i o l o g i c a l  

p r o t e c t i o n  t r a i n i n g  program f o r  a l l  employees who work w i t h  o r  around 
r a d i o a c t i v e  m a t e r i a l s .  

employees. 

Some p l a n t s  have a p e r i o d i c  r e t r a i n i n g  schedule f o r  

Opera t i ng  procedures a r e  a l s o  o f t e n  pos ted  i n  t h e  work areas. 
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5.4.3 Exposure Eva lua t i ons  

Personnel dos imeters (TLDs o r  f i l m  badges) a r e  used t o  eva lua te  e x t e r n a l  

gamma-beta exposure. Most f u e l  f a b r i c a t i o n  f a c i l i t i e s  i s s u e  TLDs t o  a l l  

uran ium workers a t  t h e i r  f a c i l i t y .  

t y p i c a l  workers as a check on exposures b e i n g  rece ived.  The TLD badges a r e  

c o l l e c t e d  month ly  o r  q u a r t e r l y  depending on t h e  f a c i l i t y .  One p l a n t  has a 

month ly  exchange schedule f o r  t h e  dos imeters  t h a t  a r e  used t o  read neu t ron  

l e v e l s  and a q u a r t e r l y  exchange schedule f o r  beta-gamma dosimeters.  

a r e  o f t e n  sen t  o f f s i t e  t o  be analyzed. 

However, one f a c i l i t y  i ssues  TLDs t o  a few 

The TLDs 

I n h a l a t i o n  exposures t o  workers may be es t ima ted  f rom t h e  r e s u l t s  o f  a i r  
m o n i t o r i n g  and a r e c o r d  o f  t h e  t i m e  spent  by employees i n  t h e  mon i to red  area. 

A t  some p l a n t s ,  au tomat ic  exposure es t ima tes  a r e  ob ta ined  f rom computer ized 

m o n i t o r i n g  of c a r d  e n t r y  and e x i t  i n t o  areas m u l t i p l i e d  by t h e  e i g h t - h o u r  p ro -  

f i l e  o f  t h e  a i r  c o n c e n t r a t i o n  t h a t  i s  on t h e  computer. E x t r e m i t y  doses can be 
c a l c u l a t e d  based on t h e  mass o f  t h e  m a t e r i a l  handled and t h e  amount o f  t i m e  

spent  h a n d l i n g  t h i s  m a t e r i a l .  

c a t e g o r i e s  depending on t h e  f requency o f  exposure. D a i l y  workers i n  areas o f  

a i r b o r n e  con tamina t ion  have t h e i r  exposures c a l c u l a t e d  each day, w h i l e  

employees who work i n  these areas o n l y  o c c a s i o n a l l y  have exposures c a l c u l a t e d  

each week. 

sample read ings  and those determined th rough u r i n a l y s i s .  

have been found t o  be c o n s e r v a t i v e  and h i g h e r  than those determined by 

u r i n a l y s i s .  

One p l a n t  d i v i d e s  workers i n t o  two separa te  

Comparisons a r e  made between t h e  exposures c a l c u l a t e d  f rom a i r  

The a i r  sample doses 

Severa l  methods a r e  used f o r  d i r e c t  and i n d i r e c t  b ioassay  a t  f u e l  f a b r i -  

c a t i o n  p l a n t s .  

ches t  count ing .  I n d i r e c t  b ioassay  methods i n c l u d e  measurement o f  r a d i o a c t i v i t y  

l e v e l s  i n  e x c r e t a  ( u r i n e  and f e c e s )  and nasal  smears. 

The d i r e c t  b ioassay  methods i n c l u d e  whole body c o u n t i n g  and 

Whole-body c o u n t i n g  i s  done by  e i t h e r  in-house f a c i l i t i e s  o r  by vendor- 

s u p p l i e d  se rv i ces .  

l o c a t i o n  o r  exposure p o t e n t i a l .  

body counts  p e r  y e a r  f o r  workers exposed t o  uranium. 

Count ing schedules a r e  u s u a l l y  based on e i t h e r  work 

One f a c i l i t y  r o u t i n e l y  schedules two whole 
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Chest-count ing schedules a r e  based on j o b  l o c a t i o n  o r  a r e  admin i s te red  on 

a f i x e d  schedule, as i n  one p a n t  t h a t  r e q u i r e d  one p e r  q u a r t e r .  

l a r g e r  f a c i l i t i e s  have o n s i t e  c o u n t i n g  equipment; o t h e r  f a c i l i t i e s  use u n i v e r s -  

i t y  o r  vendor-suppl ied counters .  

Some o f  t h e  

U r i n e  samples a r e  c o l l e c t e d  i n  t h e  change room and a r e  analyzed in-house 

F luo romet ry  i s  t h e  most o r  a r e  s e n t  t o  commercial l a b o r a t o r i e s  f o r  a n a l y s i s .  

f r e q u e n t l y  used method o f  u r i n a l y s i s .  

U r i n e  sample c o l l e c t i o n  schedules a r e  based on t h e  work l o c a t i o n  o r  t h e  

I n  t h e  case o f  MPC hours,  t h e  u r i n a l y s i s  schedule may 

These f a c i l i t i e s  c o n s t a n t l y  reassess t h e  need t o  

employee's MPC hours.  
change f rom one p e r i o d  t o  t h e  n e x t  i f  t h e  a i r  c o n c e n t r a t i o n s  i n c r e a s e  o r  

decrease f o r  any reason. 

conduct b ioassays based on t h e  MPC l e v e l s .  A t  one f a c i l i t y ,  t h e  f requency o f  

u r i n e  sample c o l l e c t i o n  v a r i e s  f rom d a i l y  ( f o r  v a p o r i z a t i o n  workers w i t h  poten- 

t i a l  f o r  i n h a l a t i o n  o f  s o l u b l e  uranium compounds [e.g., U02F2]) t o  a n n u a l l y  
( f o r  workers i n  areas w i t h  t h e  p o t e n t i a l  f o r  i n h a l a t i o n  o f  i n s o l u b l e  uranium 

compounds [e.g. , UO,]). 

Other  methods o f  exposure e v a l u a t i o n  i n c l u d e  f e c a l  sampl ing and nasal  

sampling. 

exposure. Home f e c a l  sample k i t s  a r e  p rov ided  f o r  t h e  workers.  Nasal smear 

surveys a r e  r e q u i r e d  r e g u l a r l y  f o r  workers a t  c e r t a i n  j o b s .  

most f a c i l i t i e s  t a k e  nasal  smears on a random b a s i s .  A t  a s i n g l e  f a c i l i t y ,  

nasal  smears a r e  taken d a i l y  a t  t h e  end o f  t h e  s h i f t .  

Most s i t e s  use f e c a l  samples f o r  a n a l y s i s  o n l y  a f t e r  an acu te  

Other  workers a t  

I n  t h e  even t  o f  a known i n h a l a t i o n  o f  uranium, an i n t e g r a t e d  sys tem o f  

exposure e v a l u a t i o n  i s  begun. Fecal and u r i n e  sampl ing i s  begun immediate ly  
and con t inued  f o r  a t  l e a s t  t h r e e  days. I n  a d d i t i o n ,  some f a c i l i t i e s  r e q u i r e  

morning and evening l u n g  counts  and a whole-body count .  
r e s u l t s  a long  w i t h  an e s t i m a t e  o f  worker  exposure t i m e  a r e  a l s o  used t o  e s t i -  
mate t h e  i n t e r n a l  dose. 

F i x e d  a i r  sample 

The da ta  f rom t h e  exposure e v a l u a t i o n s  a r e  recorded and ma in ta ined  a t  t h e  

f a c i l i t i e s .  Most f a c i l i t i e s  s t o r e  t h i s  i n f o r m a t i o n  on computers, a l t h o u g h  some 

s t i l l  use ha rd  copies.  
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I n f o r m a t i o n  commonly recorded i n c l u d e s  

- age, sex, weight ,  h e i g h t ,  c h e s t  t h i c k n e s s  

- j o b  f u n c t i o n  

- r e s p i r a t o r  use 

- ass igned and p o t e n t i a l  exposures 

- t r a i n i n g  h i s t o r y  

- r e s p i r a t o r s  f i t t e d  

U r i n a l y s i s  - ugm/a o r  dpm/a 

Employee i n f o r m a t i o n  

235u Lung count  - ugm 

Fecal  count  

E x t e r n a l  dose 

- TLD badges 

- f i n g e r  r i n g s  

I n t e r n a l  exposure i n f o r m a t i o n  ( v a r i a b l e  r e p o r t i n g )  
- MPC hours,  o r  
- General a i r  c o n c e n t r a t i o n ,  o r  

- rem based on a i r  c o n c e n t r a t i o n  

M i  s c e l l  aneous 

- Nasal smears 

- R e s p i r a t o r  use 

- Lapel  sampler 

- Body smears 

5.5 REGULATORY PROCEDURE 

H i s t o r i c a l l y ,  AEC and ( s i n c e  1974) NRC have been r e s p o n s i b l e  f o r  l i c e n s i n g  

and r e g u l a t i n g  commercial uranium f u e l  f a b r i c a t i o n  f a c i l i t i e s .  Fuel  f a b r i c a -  

t i o n  p l a n t s  a r e  l i c e n s e d  by  NRC t o  process compounds t h a t  c o n t a i n  s p e c i a l  

n u c l e a r  m a t e r i a l s .  The Code of Federa l  Regu la t i ons ,  T i t l e  10, P a r t  70 estab-  

l i s h e s  procedures and c r i t e r i a  f o r  l i c e n s e e s  t o  “ r e c e i v e  t i t l e  t o ,  own, 

acqu i re ,  d e l i v e r ,  r e c e i v e ,  possess, use, and i n i t i a l l y  t r a n s f e r  s p e c i a l  n u c l e a r  

m a t e r i a l  . ‘ I  Spec ia l  n u c l e a r  m a t e r i a l  i s  d e f i n e d  as: “p lu ton ium, uranium 233, 
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uranium en r i ched  i n  t h e  i s o t o p e  233 o r  i n  t h e  i s o t o p e  235, and any o t h e r  mate- 

r i a l  which t h e  Commission ... determines t o  be s p e c i a l  n u c l e a r  m a t e r i a l , "  which 

i n c l u d e s  any m a t e r i a l  a r t i f i c a l l y  e n r i c h e d  w i t h  those n u c l i d e s .  

P a r t  70 con t inues  by s p e c i f y i n g  l i c e n s e  t ypes  and c o n d i t i o n s  o f  l i c e n s i n g .  

Some o f  those c o n d i t i o n s  b r i n g  l i c e n s e e s  under o t h e r  r e l a t e d  p a r t s  o f  10 CFR, 

i . e . ,  P a r t  71, "Packaging o f  R a d i o a c t i v e  M a t e r i a l  f o r  T ranspor t  and Transpor ta-  

t i o n  o f  R a d i o a c t i v e  M a t e r i a l  Under C e r t a i n  Cond i t i ons , "  and P a r t  73, "Phys i ca l  

P r o t e c t i o n  o f  P l a n t s  and M a t e r i a l s . "  

a c c i d e n t  i s  a l s o  s p e c i f i e d  under S e c t i o n  70.24. O the r  i t ems  i n  P a r t  70 r e f e r  

t o  m a t e r i a l  a c c o u n t a b i l i t y ,  t r a n s f e r  and ownership, i n s p e c t i o n ,  r e p o r t i n g  

c r i t e r i a ,  and enforcement terms. 

A m o n i t o r i n g  system f o r  a c r i t i c a l i t y  

In a d d i t i o n  t o  10 CFR 70, f u e l  f a b r i c a t i o n  f a c i l t i e s  must comply w i t h  

10 CFR 20 and 10 CFR 40 as do convers ion  f a c i l i t i e s .  A d i s c u s s i o n  o f  these 

r e g u l a t i o n s  can be found i n  S e c t i o n  3.5. 

Regu la to ry  Guides t h a t  a r e  p e r t i n e n t  t o  e v a l u a t i n g  occupa t iona l  exposures 

i n  f u e l  f a b r i c a t i o n  f a c i l i t i e s  i n c l u d e  numbers 8.11, A p p l i c a t i o n  o f  Bioassay 

f o r  Uranium (AEC 1974); 8.15, Acceptable Programs f o r  R e s p i r a t o r y  P r o t e c t i o n  

( N R C  1976a); 8.24, H e a l t h  Phys ics Surveys Dur ing  Enr i ched  Uranium-235 Pro- 

cess ing  and Fuel F a b r i c a t i o n  (NRC 1978b); and 3.39, Standard fo rma t  and Content 

o f  L i cense  A p p l i c a t i o n s  f o r  P lu ton ium Process ing and f u e l  F a b r i c t i o n  P l a n t s  
(NRC 1976b). 

5.6 SUMMARY 

The commercial uranium f u e l  f a b r i c a t i o n  i n d u s t r y  c o n s i s t s  o f  seven f a c i l -  

i t i e s  w i t h  app rox ima te l y  1400 p r o d u c t i o n  and maintenance workers.  H i s t o r i c -  

a l l y ,  t h e  i n d u s t r y  has been r e g u l a t e d  b y  f e d e r a l  agencies ( o r i g i n a l l y  by  t h e  
AEC and c u r r e n t l y  t h e  N R C ) .  

f a c i l i t i e s  i s  exposure t o  U02 d u r i n g  packaging and unpackaging, powder hand- 

l i n g ,  p e l l e t  p r o d u c t i o n ,  and maintenance. F a c i l i t i e s  a r e  mon i to red  f o r  r a d i o -  
l o g i c a l  hazards and pesonnel exposures a r e  c o n t r o l l e d  th rough  des ign  e n g i n e e r i n g  

and use o f  p r o t e t i v e  c l o t h i n g  and r e s p i r a t o r y  dev ices.  

n o n r a d i o l o g i c a l  exposure i s  t o  ammonia. 

The p r imary  i n h a l a t i o n  hazard a t  f u e l  f a b r i c a t i o n  

The most p r e v a l e n t  
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