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HISTORICAL RADIONUCLIDE RELEASES FROM CURRENT DOE OAK RIDGE OPERATIONS 
OFF ICE FACILITIES 

T h i s  report contains a sumnary of the history of radionuclide releases from 
Department of Energy Oak Ridge Operations fac i l i t i es  and the calculated radia- 
t i o n  doses t o  the pub1 i c  due t o  those releases. Included i n  the report are 
estimates of the quan t i ty  of radioactive material contained i n  the airborne 
and waterborne effluents and i n  solid wastes a t  the Oak Ridge National 
Laboratory, Y-12 P l a n t ,  and the Oak Ridge Gaseous Diffusion Plant  i n  Oak 
Ridge, Tennessee, the Paducah Gaseous Diffusion P l a n t  i n  Paducah, Kentucky, 
the Portsmouth Gaseous Oiffusion P l a n t  i n  Portsmouth, Ohio,  the feed Materials 
Production Center i n  Fernald, O h i o ,  and the RMI Company i n  Ashtabula, Ohio. 

For uranium releases, this  report updates information contained i n  the Report 
on Historic Uranium Releases for Current DOE Oak Ridge Operations fac i l i t i es ,  
issued June 24, 1985. 

Section 3 of the report contains tables w h i c h  show the t o t a l  quant i ty  of radio- 
active material from each facil i ty.  Appendix A provides a more detailed year- 
by-year sumnary for  each radionuclide from each facility. 

Several factors cause uncertainty over the accuracy of the quantities 
reported. The historical records do not  conta in  complete information on 
actual measurements of material released. However, the available information 
allows an estimate of these emissions t o  be made, based on w h a t  i s  known a b o u t  
the operating history of the installation. for much of the historical d a t a  
presented i n  this report, emissions had t o  be estimated, although i n  la t ter  
years of operation, these measurement d a t a  are available for many of the 
radionuclides. Specific quantities of radioactive material shown i n  the 
report should be considered as the most reasonable estimate based on the 
information available.  These numbers are not meant t o  be interpreted as 
precise measurements. 

The calculated dose t o  the popula t ion  w i t h i n  a 50 mile radius of each f a c i l i t y ,  
based on the t o t a l  quantities of radioactivity shown i n  the report, i s  shown 
i n  the table below. Along w i t h  this estimate of dose due t o  the effluents 
from the fac i l i t i es  is the radiation dose that the same population received 
from background radiation over the same period. 
t o  Section 4 of the report.) 

( for  more information, r e f e r  

Included i n  the table is an estimate of the possible health effects from the  
radiation dose as compared t o  the number of h e a l t h  effects estimated from 
background radiation doses. 
effect being considered is  the number of  cancer fa ta l i t i es  and genetic e f f e c t s  
i n  the popu la t ion .  
dose and health effects for  the feed Material Production Center. Data are  
s t i l l  being collected and evaluated t o  a l l o w  comparable calculation for t h a t  
facil i ty.  

For the purposes of this report, the health 

These calculations d o  not  include estimates of p o p u l a t i o n  
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Based on t h e  evidence i n  t h i s  repor t ,  the f o l l o w i n g  conclusions can be made: 

o the  c a l c u l a t e d  popu la t ion  r a d i a t i o n  doses due t o  t he  est imated 
amounts of  ma te r ia l  released from these f a c i l i t i e s  a re  on ly  a 
small f r a c t i o n  o f  the  r a d i a t i o n  doses due t o  background r a d i a t i o n  

o the est imated number of hea l th  e f fec ts  which could be a t t r i b u t e d  t o  these 
re leases are  small compared t o  the  na tu ra l  inc idence of t h e  h e a l t h  e f f e c t s  
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SUMMARY OF CALCULATED DOSES AND HEALTH EFFECTS 

CALCULATED 
DUE TO EFFLUENTS 

Dose a 
FACILITY ( pe r s o n- rem ) 

Oak Ridge 3,928 
Nat iona l  Laboratory 

Y-12 P l a n t  11,543 

Oak Ridge Gaseous 1,237 
D i f f u s i o n  P lan t  

Paducah Gaseous 1,003 
D i f f u s i o n  P l a n t  

Portsmouth Gaseous 298 
D i f f u s i o n  P l a n t  

Feed Mate r i  a1 s ,e 
Produc t ion  Center 

RMI Company 347 

Health 
E f f e c t s  

0.6 

2 

0.2 

0.2 

(0.1 

-e 

<o. 1 

CALCULATED DUE TO 
BACKGROUND RADIATION 
Dose 

( person- rem) 

9,530,400 

4,767,000 

5,760,000 

12,571,200 

12,000,000 

Health 
E f fec ts  d 

1,572 

1,837 

1,699 

78 7 

950 

2,074 

1,980 

E f f e c t i v e  dose equ iva len t  t o  t h e  popu la t ion  w i t h i n  a 50 m i l e  radius o f  
each f a c i l i t y  over t h e  o p e r a t i n g  h i s t o r y  of t he  f a c i l i t y  c a l c u l a t e d  from 
t h e  amount o f  r a d i o a c t i v e  ma te r i  a1 re1 eased 

Estimated number o f . f a ta1  cancers and genet ic e f f e c t s  which may have 
occur red  i n  t h e  popu la t l on  w i t h i n  a 50 m i l e  radius o f  each f a c i l i t y  over 
t h e  opera t ing  h f s t o r y  o f  t h e  f a c i l i t y  as a r e s u l t  o f  t h e  r a d i a t i o n  dose 
shown 

Dose t o  the popu la t ion  w i t h i n  a 50 m i l e  radius o f  each f a c i l i t y  due t o  
background r a d i a t l o n  l e v e l s  

Estimated number of f a t a l  cancers and genet ic e f f e c t s  which may have 
occurred i n  the popu la t i on  w i t h i n  a 50 m i l e  rad ius  o f  each f a c i l i t y  o v e r  
t h e  opera t fng  h f s t o r y  o f  t h e  f a c i l i t y  as a r e s u l t  o f  background rad ia t i ;?  
l e v e l s  shown 

Comparable c a l c u l a t i o n s  f o r  FMPC a r e  s t i l l  being evaluated and have no: 
y e t  been f i n a l  i zed 
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HISTORICAL R A D I O N U C L I D E  RELEASES FROM CURRENT DOE,  
OAK R I D G E  OPERATIONS OFFICE FACILITIES 

I NTRODUCTI ON 

This report d i  scusses the h i  story of radi onucl i de re1 eases from DOE/ORO 
faci l i t ies ,  including the resultant calculated radiation dose t o  the 
p u b l i c  from those releases. 
infomation of use and interest t o  the p u b l i c .  
from w h i c h  most of the da ta  presented i n  th is  report were drawn, have 
been prepared for each facility. 

I t  was prepared for the purpose of providing 
More detailed reports, 

For uranium, this  report updates information contained i n  the "Report on 
Historic Uranium Releases from Current DOE Oak Ridge Operations 
Facilities" issued June 24, 1985. 

Since the 1940s, 1 arge amounts of radioactive mater1 a1 , i ncl udi ng uran i um 
processed i n  production fac i l i t i es ,  have been central t o  the program 
functions supporting the Department of Energy, Oak Ridge Operati ons 
( D O E / O R O )  overall mission. The principal program functions are: 

1. Enrichment of uranium for nuclear power p l a n t  fuel. 

2. Production of nuclear weapons components for National Defense 
programs. 

3.  Processing of uranium feed materials and production of uranium 
fuel cores for p l u t o n i u m  production reactors. 

4.  Broad scope research and development. 

Seven different plant fac i l i t i es  support these programs. 
uranium fuel has involved three gaseous diffusion plants located near 
Oak Ridge, Tennessee; Paducah, Kentucky; and Portsmouth, Ohio. The 
enrichment f ac i l i t y  i n  Oak Ridge was taken out of operation in 1985. 
Y-12 p l a n t  i n  Oak Ridge i s  a metallurgical and machining facil i ty 
producing nuclear weapons components. The Feed Materials Production 
Center a t  Fernald, Ohio ,  and the RMI Extrusion P l a n t  i n  Ashtabula, O h i o ,  
each perform different steps i n  the processing of uranium feed materials. 
The broad scope research and development facil i t y ,  Oak Ridge National 
Laboratory i n  Oak Ridge, has handled a wider variety of radioactive 
materials t h a n  have the other faci l i t ies .  

Enrichment of  

The 

Each of these program operations have  generated radioactive wastes and 
have released radioactive material t o  the environment. The amount of 
material released and waste generated varies among the fac i l i t i es ,  
depending on the operations a t  the f a c i l i t y .  

- 4 -  



2.0 SOURCES AND MODES OF RADIONUCLIDE RELEASES 

2.1 Oak Ridge Nat ional  Laboratory  (ORNL) 

ORNL, an energy research and development f a c i l i t y .  has been i n  
opera t ion  since 1943. 
Energy Systems. Inc.. ORNL research focuses on technology develop- 
ment i n  energy r e l a t e d  areas of :  

Cur ren t l y  operated f o r  DOE by Mar t i n  M a r i e t t a  

o nuclear f i s s i o n  and f u s i o n  
o b io logy  and the environment 
o conservat ion and renewable energy 
o physical  sciences 

Rad ioac t ive  ma te r ia l  i s  used I n  most areas o f  research and develop- 
ment a t  ORNL. As a consequence of t h i s  mater ia l  use, releases o f  
r a d i o a c t i v i t y .  vary ing  from t r i t i u m  (hydrogen-3) t o  t ransuran ics  
(neptunium, plutonium. etc.  1 . have occurred from many d i f f e r e n t  
a c t i v i t i e s .  

2.1.1 H i  s t o r y  o f  A i  rborne Releases frot,i ORNL 

Before 1950, releases of r a d f o a c t i v i t y  to the atmosphere from 
ORNL Were from stacks se rv ing  i n d i v i d u a l  f a c l l i t i e s .  The two 
most s i g n i f i c a n t  o f  these were the RaLa ( r a d i Q a c t i v e  
lanthanum) f a c i l i t y  and the Graphi te  Reactor. The RaLa 
f a c i l i t y ,  which processed nuclear reac to r  fuel slugs i n  the 
produc t ion  o f  r a d i o a c t i v e  lanthanum. had no treatment system 
f o r  gaseous discharges u n t i l  1949. and was operated u n t i l  
1956. Consequently, unknown quant l  t i e s  o f  noble gases. par- 
t i c u l a t e s .  and rad io iod ine ,  p a r t i c u l a r l y  iodine-131.. were 
re leased f r a n  the  f a c i l i t y .  The Graphite Reactor a lso  
operated w i t h o u t  a f i l t r a t i o n  system f o r  airborne releases 
from 1944 u n t i l  1948. 

I n  1950, a c e n t r a l i z e d  off-gas and v e n t i l a t l o n  system was 
i n s t a l  l e d  ui t h  p a r t i c u l  a te  f i  1 t e r s  and an e l e c t r o s t a t i c  pre- 
c i p l t a t o r  to remove a i rborne  p a r t i c l e s  f rom the releases. 
1961, scrubber systems were added to r m v e  rad io iod ines .  

I n  

Routine a i rborne  discharge data records date back t o  1961 for 
i o d i n e 1 3 1  discharges. An upgrade o f  the sampling system i n  
1970 r e s u l t e d  I n  the  r e p o r t i n g  o f  noble gas discharges. 
T r l  t i um and a1 pha-emi tti ng p a r t i c u l  ates which were no t  
spec1 P lca l  l y  i d e n t i  f i ed have been reported s i  nce 1972. 

2.1.2 H i s t o r y  o f  L i q u l d  Releases from ORNL 
. .  

From 1943 t o  1949, l i q u l d  wastes were t rea ted  by being h e l d  
i n  tanks and s e t t l i n g  basins f o r  rad ioac t i ve  decay and f o r  
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s e t t l i n g  of p a r t i c u l a t e  mater ia l  before discharge t o  White 
Oak Lake. The lake  provided f u r t h e r  s e t t l i n g  and a d d i t i o n a l  
t i m e  f o r  r a d i o a c t i v e  decay p r i o r  t o  re lease i n t o  t h e  C l i n c h  
River.  

From 1949 t o  1954, an evaporator was used t o  concentrate t h e  
most r a d i o a c t i v e l y  contaminated l i q u i d  waste before storage 
i n  concrete tanks. Beginning i n  1951, much o f  t h e  l i q u i d  
waste was placed i n t o  p i t s  and trenches f o r  d isposal .  These 
p i t s  and trenches were designed t o  r e t a i n  t h e  rad ionuc l ides  
u n t i l  t h e  r a d i o a c t i v i t y - c o u l d  decay t o  low l e v e l s .  The 
evaporator was taken out  o f  serv ice  i n  1954 and a l l  o f  t h e  
l i q u i d  r a d i o a c t i v e  waste went t o  p i t s  and trenches u n t i l  
1963. Dur ing t h e  l a t e  1950s and e a r l y  1960s ruthenium-106 
was t h e  pr imary rad ionuc l ide  released f rom trenches i n t o  
White Oak Creek because o f  i t s  poor absorp t ion  i n  s o i l .  
Beginning i n  1964, hydrof  rac tu re  technology was used f o r  
waste d isposal .  With t h i s  technique, wastes were i n j e c t e d  
i n t o  sha le  a t  a depth o f  about 1,000 f e e t ,  a long w i t h  a 
cement g rou t  t o  i s o l a t e  t h e  waste from contac t  w i t h  the  
b i o l o g i c a l  environment. 

A process waste water treatment p l a n t  was i n s t a l l e d  i n  1957, 
t o  demonstrate recovery of f i s s i o n  products  from l i q u i d  
wastes. The process waste water was o n l y  s l i g h t l y  rad io -  
a c t i v e  compared t o  t h e  low l e v e l  waste j u s t  described. A 
replacement f a c i l i t y  began operat ion i n  1976. 

Cur ren t ly ,  t h e  most s i g n i f i c a n t  rad i  onucl ides  re1 eased f r o m  
ORNL t o  t h e  water pathway are leakage from waste disposal  
areas o f  stront ium-90 and cesium-137. These a r e  s i g n i f i c a n t  
because o f  t h e i r  r a d i o t o x i c i t y ,  t h e i r  m o b i l i t y  i n  t h e  
environment, and t h e  q u a n t i t i e s  released. Other rad ionucl ides 
o f  s i g n i f i c a n c e  are t r i t i u m  and t ransuranics.  The c u r r e n t  
( through 1986) releases of a1 1 rad ionucl ides are d i v i d e d  
roughly  by source as fo l lows:  

o Seventy t o  e i g h t y  percent o f  the r a d i o a c t i v e  m a t e r i a l  
re leased leaches from waste disposal  areas t o  White Oak 
Creek o r  He l ton  Branch w i t h  subsequent drainage i n t o  White 
Oak Lake and eventua l l y  i n t o  t h e  C l i n c h  River.  
i n  1985, problems w i t h  the  l i q u i d  waste system i n  t h e  m a i l  
ORNL complex r e s u l t e d  i n  a s i g n i f i c a n t  p o r t i o n  of the  
Sr-90 coming from sources other  than waste disposal  areas. 

However, 

o Approximately t e n  percent f r o m  opera t ing  f a c i l i t i e s  such 
as research reactors ,  laborator ies,  and processing p l a n t s .  
Some o f  these l i q u i d  wastes a r e  discharged t o  temporary 
hold-up basins f o r  t e s t i n g  and treatment be fore  re lease t 3  
White Oak Creek. 
water have reduced t h e  amount discharged from these 
sources . 

Improvements i n  t reatment o f  process 

- 6 -  
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2.1 .3  

o Approximately ten percent  from contaminated surfaces and 
' s o i l s  i n  the v i c i n i t y  o f  opera t ing  f a c i l i t i e s .  These 
areas are contaminated from previous s p i l l s  and l e a k i n g  
underground pipes and tanks. 
water runoff o r  cross contaminat ion between 1 i q u i d  waste 
and d ra in  system pipes. 

Release occurs through storm 

H i s t o r y  o f  S o l i d  Waste Disposal  a t  ORNL 

U n t i l  conrnercial rad ioac t i ve  s o l i d  waste f a c i l i t i e s  became 
ava i l ab le .  i t  was necessary f o r  ORNL t o  accept waste from 
non-government sources. La te r ,  non-ORNL wastes were l i m i t e d  
t o  se lec ted  mater ia ls  which o ther  DOE f a c i l i t i e s .  such as 
s i t e s  n o t  having disposal c a p a b i l i t i e s ,  were unable t o  
handle. I n  recent  years. acceptance o f  wastes from o thers  
has been sharply c u t  back i n  recogn i t i on  o f  concerns over the 
techn ica l  adequacy o f  ORNL's disposal  f a c i l i t i e s .  

Radioact ive contaminated s o l i d  wastes have been placed i n  
shal low land b u r i a l  f a c i l i t i e s .  A1 though records o f  waste 
v o l u m  were maintained. more d e t a i l e d  est imates o f  the rad io -  
a c t i v i t y  content  of these wastes were no t  recorded u n t i l  
1977. Much o f  the data p r i o r  t o  t h a t  t ime are only  rough 
estimates. Data ava i l ab le  through these newer records i s  no t  
prec ise.  however. due t a  d i f f i c u l t y  i n  determining the con- 
t e n t  o f  a l l  s o l i d  waste being generated. 

Uranium disposal  data are based on accoun tab i l i t y  records and 
are  the re fo re  considered somewhat more' accurate than f o r  
o t h e r  rad ionucl  ides. Since the  records do no t  d i  s t i  ngui sh 
between uranium contained i n  m a t e r i a l  which was bur ied  and 
t h a t  placed i n  r e t r i e v a b l e  storage, the data inc lude both. 

2.2  Y-12 P l a n t  

B u i l t  i n  1943, the  Y-12 p l a n t  c u r r e n t l y  funct ions t o :  

o Produce nuc lear  weapons components. 

o Prov ide  f a b r i c a t i o n  asslstance t o  WE weapon design 
1 aborator ies.  

o Process source and special nuc lear  mater ia l .  

o Support ORNL f a c i l i t i e s  on the Y-12 s i t e ,  and 

o Support o the r  government agencies i n  machining o r  assembly o f  
var ious  i tems 

The rad ionuc l i de  releases f r o m  Y-12 r e s u l t  from uranium metal 
machi n i  ng and chemical process1 ng operat ions and p l a n t  waste 
management pract ices.  As a p a r t  o f  the operat ions.  enriched 

- 7 -  
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uranium i s  processed In to  uranium metal. Most of the re l eases  a r e  
uranlum, a1 though some technet ium99 and t r ace  t r ansu ran ic s  
assoclated w i t h  enrfched uranium so lu t ions  a r e  a l s o  contained I n .  
1 i q u i d  effluents and s o l i d  wastes. 

2.2.1 History of Airborne Emlsslons from Y-12 

The major source of a i rborne radiologlcal emissions from the 
Y-12 Plant  has h l s t o r l c a l l y  been, and cont inues t o  be, emis- 
slons of small uranium particles from metal machlning and 
chemical processing operations. The primary means of con- 
t r o l l i n g  these emissions Is the use o f  High Efflclency 
Pa r t i cu la t e  Air (HEPA) filters, baghoutcs. and exhaust gas 
scrubbers. The 13.9, curies of u r a n i m  ac t iv i ty  emissions 
from the Y-12 P l a n t  from 1944 to 1987 result p r inc ipa l ly  from 
major enriched uranium sources. Uranium emission Information 
a f t e r  1954 was obtained from Y-12 P1 a n t .  accountabll  I t y  
records. the DOE Effluent Information System Radioacti VI t y  
Sumnary Report. and the Sol id  Waste Information Management 
System. Prior t o  1954. analy t ica l  and sampling techniques a t  
the Y-12 Plan t  were not ab le  t o  detect a i rborne  sources of 
uranium, b u t  enough data  was uncovered i n  health physics 
reports and other sources t o  make some of the emissions esti- 
mates f n  this repor t  possible. Since data is  not ava i l ab le  
f o r  the time period of 1948 t o  1953, no r e l i a b l e  emissions 
estimates can be made. 

Uranium emissions from the Y-12 Plant  were highes t  from 1959 
through 1970. T h i s  can general ly  be a t t r i b u t e d  t o  increases  
i n  production during t h a t  time. The cons t ruc t ion  of new bag- 
houses and o t h e r  equipment a t  the Y-12 Plant  beglnnlng i n  
1969 has improved control  of uranlum particles and lowered 
overal l  p lan t  emisslons. From 1984 to  1987, several  major 
enriched uranium emissions control systems a t  the Y-12 Plant  
were upgraded t o  further reduce emisslons ( a s  p a r t  of the 
Production Capabi l i  t ies  Restoration Project) . Add1 t iona l  
reductions I n  emissions a r e  now being r ea l i zed  a t  the Y-12 
Plant  a s  the Air and Water Pol lut ion Control P ro jec t  c o w  
pletes the f n s t a l l a t l o n  of additional emission cont ro ls .  
Although s i g n i f l c a n t  improvements have been made and a r e  
s t i l l  being made t o  uranium emission control  a t  the Y-12 
Plant.  work is  continulng t o  ident i fy  and implement addi- 
t lona l  areas for  Improvement. 

The need f o r  Improved emi ssi ons monl tori ng capabi 1 i t y  from 
the la rge  number of process exhaust ventilation stacks t h a t  
serve Y-12 uranium hand1 i n g  operations was ident i f ied  i n  
1985. New emlsslons sampl ing/monltorlng equlpment was 
i n s t a l l e d  and began operat lng i n  ear ly  1987 on 85 process 
exhaust stacks In the Y-12 Plant.  The new emlsslons moni- 
t o r ing  system will allow the Y-12 Plant  t o  cont inue t o  moni- 
t o r  progress belng made i n  reducing emlsslons and ensure t h a t  
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the release of uranium particles i s  being maintained A S  LOW 
As Reasonably Achf evabl e (ALARA) . 
I n  add i t ion .  there are several hundred room exhaust fans 
w i t h i n  the Y-12 P l a n t  w i t h  some potential t o  release small 
quanti t ies of uranium i n t o  the atmosphere. 
majority of these systems are not f i t ted w i t h  emission con- 
t ro l  s. an extensive health physics monitoring program w i t h i n  
the p l a n t  f s  used to ensure t h a t  uranium concentrations i n  
process b u i l  df ngs are maf ntai ned ALARA. 

While the 

2.2.2 H f  story of L i q u i d  Effluents from Y-12 

L f  quf d effluent releases of radf oactf v i  t y  from the Y-12 P1 a n t  
have generally been uranfum from the same sources which 
resulted i n  airborne emfssions. In addf t fon .  saurces of con- 
tamination such as outside storage facf 1 f t ies  have a1 lowed 
f o r  the runoff of precipf ta t ion  containing uranium. L i q u i d  
wastes contaf n f  ng economical l y  recoverable uranium have 
historically been recycled i n  Y-12 P1 a n t  production opera- 
t ions.  Lfqufd wastes tha t  d i d  not contain recoverable 
uranf urn were dl scarded. Unt f  1 recent years. treatment 
facflftfes were not generally avaflable and the waste was 
discharged f n t o  the storm sewer system and f n t o  East Fork 
Poplar  Creek (EFPC). 
l f q u i d  wastes were discharged f n t o  the S-3 ponds located i n  
the western end of the Y-12 P l a n t  site. Leakage from the 5-3 
pond area con t r ibu ted  to  uranfum releases i n t o  Bear Creek, as 
d i d  precfpftation runoff from the Bear Creek Burial Grounds 
(BCBG).  Both EFPC and Bear Creek flow f n t o  Poplar Creek and  
ultfmately i n t o  the C l f n c h  River near ORGDP. 

Beginning i n  1951 and u n t i l  1984, some 

I n  March 1984. when ORGDP recefved a permit to process Y-12 
Plant  waste. the discharge of wastes i n t o  the S-3 ponds was 
discontinued. The material contafned f n  the ponds has 
recently been treated t o  remove contamf nants and discharged 
under the Y-12 National Pol lu tan t  Discharge El imina t ion  
System (NPDES) penf t .  Remedial action activity of the S-3 
ponds fs now underway. to eliminate them as a source of  
uranium release i n  the future. 

In addf t fon  to  l i q u i d  releases of uranfum from the Y-12 P l d n t  
site. some thorium process solutions from ORNL research pro-  
grams and Y-12 Production operations have been discharged t o  
the storm sewer and ultimately to EFPC. The dlscharged ORNL 
solutfon fncluded thorium oxide slurries from corrosion t e s t -  
i n g  experiments and from the cleanup operatfons i n  ORNL 
Reactor Engf neeri ng. L i q u i d  releases of both  thorf u m  a n d  
uranfum from the Y-12 P l a n t  s i t e  have been reduced i n  recent 
years a s  process modifications have been completed and new 
wastewater treatment p l an t s  were constructed and began opera-  
t i  on . 
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I n  a d d i t i o n  t o  t h e  s o l i d  wastes, t h e  Bear Creek B u r i a l  Ground 
wastes inc luded uranium-contaminated l i q u i d  wastes such as 
o i l s ,  solvents,  and mop water. Disposal o f  l i q u i d  waste t o  
t h e  b u r i a l  ground was terminated i n  1982, w i t h  on ly  s o l i d  
uranium and uranium contaminated wastes bur ied  s ince t h a t  
t ime. 

2.2.3 H i s t o r y  of Contaminated S o l i d  Waste Disposal a t  Y-12 

Radioact ive so l  i d  wastes generated i nc l  ude urani  um and 
u r a n i  um contaminated mater1 a1 s . Urani um wastes i n c l  ude 
depleted uranium meta l  and ox ide  i n  t h e  form o f  chips,  
t u r n i  ngs, ,powders, scrap, and process residues w i t h  u r a n i  um 
contaminat ion,  r e s u l t i n g  from t h e  m i l l i n g  and machining 
processes. These process residues cons is t  of such uranium- 
contaminated m a t e r i a l s  as gloves, f l o o r  sweepings,. f i l t e r s ,  
and demo1 i t i  on debr i  s . 
Most o f  t h e  s o l i d  wastes have been b u r i e d  i n  t h e  Bear Creek 
B u r i a l  Ground;, w i t h  some deposi ted i n  b u r i a l  areas w i t h i n  
t h e  p l a n t  per imeter  fence and on Chestnut Ridge. Because 
most o f  t h e  uranium waste b u r i e d  i s  depleted uranium metal 
ch ips  and s ince t h i s  metal i g n i t e s  spontaneously, t h e  ch ips  
have been placed i n  dumpsters t h a t  conta in  water t o  prevent 
spontaneous burning. The dumpsters conta in ing  both uranium 
and water a re  weighed, f o r  waste disposal  records, p r i o r  t o  
b u r i a l .  
records i s  a c t u a l l y  t h e  t o t a l  weight o f  t h e  depleted uranium 
and t h e  water together ,  t h e  s o l i d  waste repor t  numbers are 
b iased h i g h  due t o  t h e  water weight. 
r e s u l t e d  i n  an e r r o r  i n  t h e  q u a n t i t i e s  repor ted i n  t h e  1985 
uranium re lease r e p o r t  of approximately 1,5OO,OOO kg o f  
depleted uranium from 1947 t o  1984, r e s u l t i n g  f r o m  t h e  weight 
o f  water. (Refer t o  Table 9 o f  Appendix A.) A uranium c h i p  
o x i d a t i o n  f a c i l i t y  i s  expected t o  be put  i n t o  r o u t i n e  s e r v i c e  
i n  1988 t o  rep lace t h i s  method. Oxidized uranium ch ips  w i l l  
be s t o r e d  i n  concrete vau l ts ,  e l i m i n a t i n g  b u r i a l  i n  u n l i n e d  
shal low trenches for a major p o r t i o n  o f  the  Y-12 P lan t  
uranium waste. I n  a d d i t i o n ,  s ince t h e  ox id ized  ch ips can no 
longer  burn, water w i l l  be e l i m i n a t e d  f r o m  the  storage process. 

Because t h e  weight o f  uranium shown i n  d isposal  

This p o s i t i v e  b i a s  

2 . 3  Gaseous O i f f u s i o n  Plants  

The t h r e e  gaseous d i f f u s i o n  p l a n t s  process uranium hexaf luor ide  i n  
o rder  t o  inc rease t h e  uranium-235 content. The Oak Ridge f a c i l i t y  
began o p e r a t i o n  I n  1945 and was placed i n  a "ready standby" s t a t u s  
i n  t h e  sumner o f  1985. The p l a n t  was placed i n  "permanent shutdown" 
s t a t u s  i n  December 1987. The p l a n t  near Paducah, Kentucky, has been 
i n  opera t ion  s ince  1952, and t h e  Portsmouth, Ohio, f a c i l i t y  si-nce 
1955. 

- 10 - 



4‘ 

The gaseous d i f f u s i o n  process releases are p r i m a r i l y  uranium f rom 
t h e  enrichment operations. There have a l so  been some releases o f  
uranium daughters ( r a d i o a c t i v e  isotopes r e s u l t i n g  f r o m  the decay o f  
uranium), t ransuran ics ,  and some f i s s i o n  products, such as 
technetium, xenon, and krypton, f rom some of these f a c i l i t i e s .  

2.3.1 H i s t o r y  of Airborne Releases from Gaseous D i f f us ion  Plants 

Oak Ridqe GDP 

The pr imary  rad ionuc l ides  which have been released i n  t h e  
past from t h e  ORGDP inc lude krypton-85, technetium-99, and 
urani  um. 

The krypton-85 was released dur ing  a f ive-year  per iod  (1976 
through.1980) as a r e s u l t  o f  performing t h e  research and 
development a c t i v i t i e s  a t  ORGDP f o r  ORNL. 

The pr imary sources o f  a i  rborne releases of technetium-99 and 
uranium have been through the  gaseous d i f f u s i o n  process 
vents, t h e  feed p lan ts ,  and accidental  releases. P r i o r  t o  
1964, ORGDP was invo lved i n  the  enrichment o f  uranium t o  high 
concent ra t ions  of uranium-235 f o r  weapons production. 
1964, on l y  low concentrat ion enrichment was performed f o r  use 
i n comnerci a1 power generating f a c i  1 i ti es . 

A f t e r  

The feed p l a n t  where uranium from spent f u e l  was f l u o r i n a t e d  
t o  uranium hexa f luo r ide  (UFg) f rom 1950 t o  1968, was t h e  p r i -  
mary source o f  technet i  um-99, neptuni um-237, and 
plutonium-239 a t  ORGDP. Radioactive a i r  emissions from t h e  
purge cascade vent operations were decreased by t h e  i n s t a l l a -  
t ion  o f  sol id-chemical  t raps  and a l i q u i d  potassium hydroxide 
scrubber i n  1977. 

Since August 1985, t h e  uranium enrichment operations a t  ORGDP 
have been d iscont inued,  thus e l i m i n a t i n g  t h e  emissions o f  
uranium from t h e  process. Presently, t h e  sources o f  a i r b o r n e  
uranium emissions are from the  l a b o r a t o r i e s  and t h e  K-1420 
Decontamination Faci 1 i t y  . Two new sources t h a t  w i  1 1 begi n 
opera t i on  i n  t h e  near fu tu re  are t h e  K-1435 TSCA Inc ine ra to r  
and t h e  K-14204 F loo r  Pan/ Cyl inder Cleaning F a c i l i t y .  

Portsmouth GDP 

Host o f  the r o u t i n e  airborne rad ionuc l i de  emissions from t b e  
Portsmouth GDP are released from t h e  Top and Side Purge 
Cascades i n  t h e  X-326 Process Bui ld ing.  The Purge Cascades 
operate cont inuous ly  t o  separate UF6 from l i g h t  gases (mostlj 
a i r )  t h a t  have entered the cascade. E s s e n t i a l l y  a l l  t h e  
technetium and most of tne uranium a c t i v i t y  released by tqe 
f a c i l i t y  escapes from these vents. V i r t u a l l y  a l l  t h e  r e m a : ? -  
i n g  r o u t i n e  uranium emissions a re  released from t h e  Cold  
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Recovery and Wet A i r  Evacuation Areas i n  t h e  X-330 and X-333 
Process Bu i ld ings .  These areas a r e  used t o  remove and 
recover  UF6 f rom p o r t i o n s  o f  t h e  cascade t h a t  r e q u i r e  main- 
tenance o r  repa i  r (Cold Recovery) and t o  evacuate a i  r from 
p o r t i o n s  t h a t  a re  r e t u r n i n g  t o  serv ice.  

Much of  t h e  year- to-year v a r i  ab i  1 i t y  i n  Portsmouth a i  r emi  s- 
s ions  and over  h a l f  of t h e  t o t a l  h i s t o r i c a l  uranium emissions 
a r e  due t o  unplanned o r  acc identa l  re leases  o f  uranium. The 
l a r g e s t  s i n g l e  unplanned re lease occurred i n  March 1978, when 
a c y l i n d e r  o f  l i q u i d  UFg- f e l l  f rom i t s  c a r r i e r  w h i l e  be ing 
removed f rom a sampling stand. The c y l i n d e r  cracked open and 
an es t imated  4,820 ki lograms (2.6 C i )  of  uranium escaped t o  
t h e  atmosphere. Other recent unplanned re leases o f  uranium 
i n c l u d e d  c y l i n d e r  va lve  f a i l u r e s  i n  October 1978 (560 kg, 
0.13 C i )  and J u l y  1979 (460 kg, 0.10 C i ) ,  a process malfunc- 
t i o n  i n  December 1983 (50 kg, 0.69 C i ) ,  and a slow leak i n  
December 1985 and January 1986 (49 kg, 0.03 C i ) .  I n  addi-  
t i o n ,  unplanned releases ranging from 44 grams t o  817 kg o f  
uranium accounted f o r  over 80 percent  o f  t h e  atmospheric 
uranium emissions p r i o r  t o  1980. 

Technet i  um, an i m p u r i t y  i n  r e c y c l e d  u r a n i  um, f i  r s t  appeared 
i n  gaseous emissions i n  1976. Between t h a t  t ime and 1984, 
technet ium emissions were est imated from samples c o l l e c t e d  
f rom s imp le  s i d e  taps, t h a t  i s ,  from sample c o l l e c t i o n  va lves 
on t h e  s i d e  of  t h e  process stream. Data c o l l e c t e d  s ince  1984 
has revea led  t h a t  technet ium t r a v e l s  through t h e  cascade i n  a 
compl icated, two-phase f low t h a t  could,  under some 
c o n d i t i o n s ,  s e r i o u s l y  overest imate r e s u l t s  f rom s i d e  t a p  
samples. 
technet ium emissions i n  1982, when vent  sampling i n d i c a t e d  
technet ium emissions o f  11.1 C i .  Environmental mon i to r ing  
r e s u l t s  ob ta ined d u r i n g  t h a t  year  i n d i c a t e  t h a t  emissions 
were i n  t h e  range of 0.5 t o  1 C i .  Sample c o l l e c t i o n  s ince 
1984 has been designed t o  e l i m i n a t e  t h i s  problem. 

T h i s  may be t h e  cause o f  t h e  r e p o r t e d  h igh  

Paducah GDP 

D u r i n g  t h e  f i r s t  years o f  the  Paducah GDP operat ion,  t h e r e  
were several atmospheric re leases o f  UF6 r e s u l t i n g  from 
a c c i d e n t s  r e l a t e d  t o  feeding UF6 t o  t h e  d i f f u s i o n  p l a n t  and 
r e l a t e d  t o  f i l l i n g  UF6 conta iners  f rom manufactur ing f a c i l i -  
t i e s  o r  t h e  d i f f u s i o n  p lan t .  By t h e  end o f  1962, opera t ing  
s k i l l  and equipment had advanced t o  t h e  p o i n t  t h a t  t h e  quan- 
t i t y  o f  uranium l o s t  i n  acc identa l  re leases  was n e g l i g i b l e .  
H i s t o r i c a l l y ,  t h e  l a r g e s t  p o r t i o n  o f  r o u t i n e  uranium d i s -  
charges has r e s u l t e d  f r o m  opera t ion  o f  t h e  C-410 feed p l a n t  
and t h e  C-340 metals p l a n t .  
t r i o x i d e  (UO3) t o  uranium h e x a f l u o r i d e  (UFg), and t h e  metals 
p l a n t  independent ly converted UFg t o  uranium t e t r a f l u o r i d e  
(UF4). Both o f  these f a c i  1 i t i e s  were shut  down i n  May 1977. 

The feed p l a n t  converted uranium 
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Current ly ,  q u a n t i t i e s  of uranium released t o  t h e  atmosphere 
are s m a l l  operat ing losses associated w i t h  t h e  enrichment 
cascade and UF4 processing operat ions . 
The Paducah feed p l a n t  was designed and s ized t o  process both 
na tura l  uranium and uranium from reac to r  t a i l s  re turned from 
the  plutonium product ion reac tors  f o r  enrichment. This 
reac tor  r e t u r n  mater ia l  contained t r a c e  q u a n t i t i e s  o f  
technetium-99, neptunium-237, thorium-230, and plutonium-239. 
S m a l l  q u a n t i t i e s  o f  these rad ionucl ides were discharged t o  
the  atmosphere f rom the  enrichment cascade wi th  technetium-99 
being the  most notable i n  terms o f  cur ies  emitted. 

2.3.2 His to ry  of L i q u i d  E f f l u e n t s  from Gaseous D i f f u s i o n  Plants  

Oak Ridge GDP 

The pr imary rad ioac t i ve  l i q u i d  e f f l uen t  source a t  t h e  Oak 
Ridge GDP has been from t h e  uranium recovery processes 
u t i l i z e d  i n  the  K-1420 Decontamination F a c i l i t y .  During t h e  
decontami nat  i on processes, res idua l  concent r a t  i ons o f  
uranium, technetium-99, neptunium-237, and plutonium-239 were 
released through l i q u i d  e f f l uen ts .  The l i q u i d  wastes d i s -  
charged from t h e  recovery operat ions were passed through a 
s e t t l i n g  pond where i n s o l u b l e  uranium compounds s e t t l e d  out. 
Soluble compounds were discharged t o  Poplar Creek which f lows 
t o  the C l inch  River.  

A t  t he  present t ime, the  pr imary sources o f  uranium d i s -  
charged i n t o  the  l i q u i d  e f f l u e n t  are from t h e  rad ioac t i ve  
waste t reatment f a c i l i t y .  It i s  used fo r  t r e a t i n g  waste 
so lu t i ons  conta in ing  low concentrat ions of uranium. The 
chemical e f f l u e n t s  from these f a c i l i t i e s  are monitored and 
permi t ted under t h e  NPOES program. 

Portsmouth GDP 

The bulk  o f  waterborne rad ionuc l ides  a t  t he  Portsmouth GDP 
are a t t r i b u t a b l e  t o  decontamination and c leaning of equip- 
ment. H i s t o r i c a l l y ,  so lu t i ons  w i t h  medium t o  h igh  concentra- 
t i o n s  o f  rad ionucl  ides were processed through Uranium 
Recovery (1 i qui  d-to-1 i qu id  ex t  r a c t i  on o f  u ran i  urn) f o l  1 owed by 
p r e c i p i t a t i o n  o f  heavy metals by pH adjustment and, l a t e r ,  
technetium removal by i o n  exchange. Solut ions w i t h  low con- 
cent ra t ions  and t h e  t rea ted  so lu t i ons  from Uranium Recovery 
were discharged t o  the  X-7016 Holding Pond, where l ime was 
added t o  p r e c i p i t a t e  remai n i  ng heavy metals. 
from the  X-7016 Holding Pond i s  discharged t o  L i t t l e  Beaver 
Creek. Current ly ,  a1 1 decontamination and c leaning so lu t i ons  
are being processed through Uranium Recovery regardless of  
concentrat ion. The e f f l u e n t  has been rerouted t o  the X-6619 
Sewage Treatment P lant ,  which i n  t u r n  discharges d i r e c t l y  t o  

Supernatant 
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the Sci o t o  Ri ver. 
are the p l a n t  laundry. which  also discharges t o  X-6619. and 
sl i g h t l y  contaminated stormwater runoff . 

Other sources of waterborne radi onucl ides. 

Waterborne radionucl ide releases are almost directly re1 a t e d  
t o  the level of decontamination and cleaning activity. w h i c h  
peaked from 1976 to  1980 dur ing  improvement and upgrading of 
cascades. Not only d i d  uranium and uranium daughter releases 
increase dur ing  t h i s  period, b u t  the first significant 
re1 eases of techneti um occurred. 

The only unplanned re1 ease t o  significantly affect waterborne 
discharges was a release from a UF l i q u i d  cylinder i n  March 

estimated 680 kg of uranium ‘i 0.4 Ci) escaped via the West 
Drainage Ditch t o  the Scioto River before the ditch could be 
sealed off.  

1978. Some of the l i q u i d  UF reac R ed the s t o n  sewers and an 

Paducah. GDP 

Uranium and other radionuclides discharged t o  surface streams 
a t  the Paducah GDP resulted primarily from chemical process- 
ing. chemical cleaning. or uranium recovery activities. 
During the period 1956 to  1969. a significant portion of 
waste material from the Paducah feed p l a n t  was dissolved for 
uranium recovery and resulted i n  the discharges of radio- 
nuclfdes Q the drainage ditches. Beginning i n  1970, this 
and other material from the f luo r ina t ion  system was p u t  i n  
storage for future processing. 

Another source of uranium and other radionucl ides entering 
p l a n t  drainage was the resul t of washing UFg cy1 inders. 
Periodically, UF6 cylinders are washed t o  remove deposits so 
t h a t  they can be fnspected and pressure tested. Some of the 
solutions went through a wet chemical uranium recovery pro- 
cess w h i c h  resulted i n  discharges t o  water. Recently, these 
solutions have gone through a precipitation process w i t h  most 
of the radioactivity being collected w i t h  the solids. 
Filtrates go t o  the p l a n t  drainage system. 

Major cascade improvement programs during the periods 1958 t o  
1962 and 1974 t o  1981 resulted i n  1 arge q u a n t i  t i e s  of equip- 
ment being removed from the cascade and decontaminated. 
Decontamination activities generated larger quanti t ies of 
l i q u i d  waste. Decontamination solutions were processed 
through ei ther the uranium recovery system or the precipi ta- 
t i o n  system. Measurable quanti  t ies of uranium and other 
radionuclides have been discharged i n  f i n a l  rinse solutions 
discarded to  the drainage system. 

The release. estimates for  the Paducah GOP contain estimated 
quant i  t ies of p l u t o n i u m ,  a radionucl i d e  not  usua l ly  found i n  
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uranium enrichment. These e f f l u e n t s  a r i s e  f rom reprocessing 
uranium from nuclear r e a c t o r  f u e l  elements, which was 
d iscont inued i n  1971. While t h e  o t h e r  gaseous d i f f u s i o n  
p l a n t s  a l s o  processed t h i s  type  o f  mater ia l  and may have had 
comparable l e v e l s  o f  p lu ton ium i n  t h e i r  ef f luents,  on ly  t h e  
Paducah f a c i l i t y  made records which a l low t h e  q u a n t i t y  o f  
p lu ton ium t o  be calculated. 

2.3.3 H i s t o r y  of Contaminated S o l i d  Waste Disposal a t  the Gaseous 
D i f f u s i o n  Plants 

Oak Ridqe GDP 

S o l i d  waste b u r i a l  operat ions a t  t h e  Oak Ridge GDP, except 
f o r  thorium-232, were a d i r e c t  r e s u l t  o f  uranium enrichment 
a c t i v i t i e s ,  The q u a n t i t i e s  and v a r i a t i o n s  i n  the  types o f  
s o l i d  waste generated were genera l l y  r e l a t e d  t o  types o f  
a c t  i v i  t i es and product1 on 1 eve1 s. F1 oor sweepi ngs , rags, and 
waste paper from general cleanup operat ions i n  t h e  process 
b u i l d i n g s  contirined t r a c e  q u a n t i t i e s  o f  uranium and o ther  
rad ionucl ides.  Wastewater t reatment  sludges, a i rborne e f f l u -  
e n t  t reatment res iduals ;  such as f i l t e r  and t rapping media, 
scrubber so l  ids,  and contaminated scrap metals were disposed 
o f  ons i te .  

Dur ing t h e  operat ing h i s t o r y  of t h e  Oak Ridge GDP f a c i l i t y ,  
processes have been recond i t ioned and/or replaced, generat ing 
l a r g e  amounts of scrap metal f o r  decontamination and subse- 
quent storage. The r a d i o a c t i v e l y  contaminated scrap metal i s 
p r e s e n t l y  being stored, and i s  being evaluated t o  determine 
t h e  appropr ia te  disposal  method. 

M a t e r i a l s  t h a t  were a t  one t ime disposed o f  by shal low-land 
b u r i a l  a r e  c u r r e n t l y  be ing c o l l e c t e d  and stored as low- level  
waste a t  t h e  Oak Ridge GDP f a c i l i t y .  Thorium-232 was 
invo lved w i t h  c e r t a i n  Y-12 product ion programs and was 
present  a t  t h e  Oak Ridge GDP as s o l i d  wastes. 

Portsmouth GDP 

S o l i d  r a d i o a c t i v e  waste a t  t h e  Portsmouth GDP consis ts  of 
contaminated scrap and equipment t h a t  could not be adequately 
decontaminated and s o l i d  residues from decontamination and 
c lean ing  a c t i v i t i e s .  
accumulated i n  conta iners and b u r i e d  i n  t h e  X-749 Low Level 
Waste B u r i  a1 Ground. 
waste generat ion and b u r i a l s  s ince l a t e  1985 resu l ted  i n  no 
b u r i a l s  occur r ing  i n  1986 and 1987. 

H i s t o r i c a l l y ,  t h i s  waste has been 

A program o f  m i  nimi t i  ng rad i  oact i ve 

I n  a d d i t i o n  t o  s o l i d  scrap and residues, s i g n i f i c a n t  amounts 
o f  uranium contaminated l u b r i c a t i n g  o i l  must a lso be disposed 

- 15 - 



of. H i s t o r i c a l l y ,  t h i s  was done by n a t u r a l  b iodegradat ion i n  
t h e  X-231A and X-2318 O i l  Biodegradation P lo ts ,  which oper- 
ated through 1977 and 1983, respect ive ly .  Since 1983, 
uranium contaminated o i l s  have been s to red  pending t h e  
s t a r t u p  o f  t h e  TSCA I n c i n e r a t o r  a t  t h e  Oak Ridge GDP. 

F i n a l l y ,  t h e  past  t reatment  o f  w a t e r  d ischarges a t  t h e  X-701B 
Holding Pond has generated a radionucl  i de contaminated 1 ime 
sludge, which i s  c u r r e n t l y  s tored i n  t h e  h o l d i n g  pond and two 
associated containment ponds. Treated decontamination and 
c lean ing  s o l u t i o n s  are  -no longer routed t o  X-701B and 
Portsmouth i s  i n  t h e  process o f  ob ta in ing  a permi t  f o r  a 
water t reatment  system t o  replace X-701B a l together .  Once 
t h i s  system s t a r t s  up, t h e  th ree  ponds w i l l  be cleaned ou t  
and t h e  sludge t r e a t e d  f o r  disposal. 

Uranium d isposal  da ta  f o r  these f a c i l i t i e s  i s  based on 
accountabi 1 i t y  records, and i s  reasonably re1 i able. However, 
t h e r e  i s  no re1 i a b l e  record of technetium d isposal  . Soi 1 and 
groundwater m o n i t o r i n g  t o  date have shown s l i g h t  t o  no migra- 
t i o n  o f  r a d i o n u c l i d e s  from these f a c i l i t i e s .  

Paducah GDP 

The major a c t i v i t i e s  c o n t r i b u t i n g  t o  t h e  generat ion o f  low- 
l e v e l  r a d i o a c t i v e  waste a t  t h e  Paducah GDP are  decontamina- 
t i o n  a c t i v i t i e s  and t h e  operat ion o f  t h e  C-340 metals p l a n t .  
The opera t ion  of t h e  metals p l a n t  g r e a t l y  a f f e c t e d  t h e  quan- 
t i t y  o f  uranium bur ied.  The process of conver t ing  UF4 t o  
u r a n i  urn metal  produced 1 arge quant i  t i e s  of s l  ag conta i  n i  ng 
small  q u a n t i t i e s  o f  UF4 and granules of uranium metal.  I n  
addi t i on, t h e  C-340 uran i  um metal c l  eani ng and machi n i  ng 
operat ions produced a steady stream of uranium sawdust, 
oxide, and shavings t o  b u r i a l  grounds. The o t h e r  major con- 
t r i b u t o r  t o  b u r i e d  rad ionuc l ides  is t h e  p r e c i p i t a t e  from t h e  
l i m e  p r e c i p i t a t i o n  system. 
t h e  t reatment  o f  nonrecoverable decontamination and c y l i n d e r  
wash so lu t ions .  

Drumned f i l t e r  cake r e s u l t e d  f r o m  

The two pr imary b u r i a l  areas a t  the Paducah p l a n t  are t h e  
C-404 low- leve l  waste b u r i a l  ground and t h e  C-749 uranium 
b u r i a l  ground. Most o f  the  rad ionuc l ide  contaminated w a s t e  
generated through mid-1986 was bur ied i n  these two areas. 
Low-level r a d i o a c t i v e  was te  i s  not p r e s e n t l y  be ing b u r i e d  a t  
t h e  Paducah f a c i l i t y .  

2.4 Feed Mater ia ls  Product ion Center (FMPC) 

The FMPC, which i s  l o c a t e d  a t  Fernald, Ohio, processes uranium feed 
m a t e r i a l s  i n t o  uranium metal fo rms  f o r  use i n  n a t i o n a l  defense 
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4' . 

programs. It has been i n  operat ion s ince  1951. Since the  opera- 
t i o n s ' a r e  concerned w i t h  conversion, ref inement,  p u r i f i c a t i o n  and 
c a s t i n g  o f  uranium, the  releases from t h i s  f a c i l i t y  have been 
p r i m a r i  l y  uran i  um. 

A i  rborne Ef f 1 uents from FMPC 

Emission c o n t r o l  devices are used a t  each major release p o i n t  
i n  t h e  process t o  reduce p l a n t  emissions. Bag-type dust 
c o l l e c t o r s  are used t o  capture o r  remove rad ioac t ive  dusts 
generated by t h e  manufacturing process. However, c o l l e c t o r  
f a i l u r e s  have resu l ted  i n  releases of uranium t o  the  atmos- 
phere. 
i n s t a l l a t i o n  o f  more e f f i c i e n t  f i l t e r s ,  were begun i n  1986. 
Recent improvements t o  storage s i l o s  have a l s o  reduced t h e  
volume o f  radon emissions. 

Improvements i n  t h e  f i l t r a t i o n  system, inc lud ing  

L i q u i d  E f f l u e n t s  from FMPC 

L i  q u i  d e f  f 1 uent re1 eases cons1 s t  o f  c l  a r i  f i ed t rea ted  
wastewater from the  uranium produc t ion  bu i ld ings ,  water from 
t h e  storm sewer system, and sewage p l a n t  e f f l u e n t .  
Wastewater i s  t rea ted  t o  reduce uranium concentrat ion before 
b e i  ng re1 eased t o  nearby waterways . 
Contaminated Sol i d  Waste Disposal a t  FMPC 

When feas ib le ,  t h e  uranium contaminated waste generated a t  
FMPC i s  t r e a t e d  t o  remove uranium f o r  r e c y c l i n g  back i n t o  t h e  
p l a n t  process. 
aged and s to red  i n  drums f o r  eventual  o f f s i t e  disposal, 
a l though o n s i t e  disposal was p r a c t i c e d  i n  t h e  past. The 
p r a c t i c e  o f  p l  ac i  ng r a d i o a c t i v e  so l  i d  waste i n t o  storage 
s i l o s  and p i t s  has been discontinued. 

I f  t h i s  i s  not  feas ib le ,  t h e  waste i s  pack- 

2.5 R M I  E x t r u s i o n  P lan t  

The R M I  f a c i l i t y  i s  a p r i v a t e l y  owned p l a n t  i n  Ashtabula, Ohio, 
which s t a r t e d  opera t ion  i n  1962. 
f a c i l i t y  i n t o  tubes and b i l l e t s  f o r  use as nuc lear  reactor  fuel  a t  
t h e  DOE Savannah R iver  and Richland, Washington, s i tes .  

Uranium metal i s  extruded a t  t h i s  

2.5.1 A i  rborne Releases from R M I  

A i rborne  uranium release may occur from seven p l a n t  operat ion 
re lease p o i n t s  ( t h e  seventh re lease p o i n t  came i n t o  existence 
i n  1987), bu t  h i s t o r i c a l l y ,  two operat ions serve as the  
pr imary re lease points.  These are  an abrasive saw and 
pyrophor ic  scrap inc inera tor .  These re lease po in ts  have 
r e c e n t l y  been equipped w i t h  more e f f i c i e n t  emission control 
devices . 
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2.5 .2  L i a u i d  E f f l uen ts  from R M I  

Water used t o  quench ho t  uranium ex t rus ions  and t o  c lean 
p l a n t  equipment are t h e  major sources of l i q u i d  e f f l uen ts  
f rom the  f a c i l i t y .  
p r i o r  t o  discharge i n t o  waterways. 

Wastewater i s  t r e a t e d  f o r  uranium removal 

2.5.3 Contaminated S o l i d  Waste Disposal a t  R M I  

Rad ioac t ive ly  contaminated s o l i d  waste has no t  been disposed 
o f  a t  t h e  R M I  p lant .  

3.0 RADIONUCLIDE RELEASE DATA 

3.1 H i  s t o r i  c Data 

Est imated t o t a l  q u a n t i t i e s  o f  rad ionuc l ides  which have been re leased 
f rom each DOE/ORO f a c i l i t y  a re  shown i n  Tables 3.1.1 through 3.1.7. 
The t a b l e s  present on ly  t h e  t o t a l  amounts f o r  each isotope. 
more d e t a i l e d  y e a r l y  re lease est imate f o r  each f a c i l i t y ,  r e f e r  t o  
t h e  t a b l e s  i n  Appendix A t o  t h i s  repor t .  

For a 

I n  t a b l e s  3.1.1 through 3.1.7 and t h e  tab les  i n  Appendix A, t h e  
q u a n t i t i e s  o f  rad i  onucl ides  re1 eased a re  g i  ven i n  terms o f  t h e i  r 
r a d i o a c t i v i t y ,  which i s  expressed i n  cur ies.  A c u r i e  i s  a 
measurement o f  t h e  amount of r a d i o a c t i v i t y  present. The mass 
associated w i t h  a c u r i e  va r ies  among d i f f e r e n t  rad io isotopes and i s  
r e l a t e d  t o  t h e  h a l f - l i f e  of t h e  mater ia l .  For example, on l y  0.0004 
ounces o f  cesium-137 w i l l  y i e l d  one cu r ie ,  b u t  6,600 pounds o f  
uranium-238 a re  requ i red  t o  y i e l d  one cur ie .  I n  t h i s  r e p o r t  uranium 
re leases a re  a l s o  g iven i n  terms o f  mass, expressed i n  k i lograms, 
s ince  t h e  mass o f  uranium per  c u r i e  i s  s i g n i f i c a n t l y  h igher  than f o r  
o t h e r  r a d i  onucl ides  . 
The summary tab les  do con ta in  some d i f f e rences  among t h e  f a c i l i t i e s  
due t o  t h e  manner i n  which data were co l lec ted .  
t h e  Portsmouth GDP t a b l e  l i s t s  releases o f  uranium daughters. While 
uranium daughters were re leased from o the r  gaseous d i f f u s i o n  p lan ts ,  
t h e  da ta  a re  no t  a v a i l a b l e  t o  a l l o w  an est imate o f  those q u a n t i t i e s .  
S i m i l a r l y ,  small re leases o f  plutonium-239 cou ld  have occurred from 
gaseous d i f f u s i o n  reprocessing a t  f a c i l i t i e s  o the r  than t h e  Paducah 
GDP. 
a v a i l a b l e  f o r  those o ther  f a c i  1 i t i e s  because t h e  d i f f e r e n t  
recordkeeping methods d i d  no t  p rov ide  t h e  i n fo rma t ion  requ i red  t o  
es t imate  those quant i t ies .  

For example, on ly  

However, t h e  est imated q u a n t i t i e s  o f  plutunium-239 a re  no t  

ORNL 

I n  Table 3.1.1, t he  sumnary f o r  ORNL shows a v a r i e t y  o f  f i s s i o n  
products. The l a r g e s t  q u a n t i t i e s  shown on t h e  t a b l e  are f o r  t h e  
a i rbo rne  re lease o f  xenon-133, and f o r  b u r i a l  o r  d isposal  of t he  
f i s s i o n  products cesium-137 and stront ium-90. 

- 
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Since xenon-133 i s  a nonreact ive gas which decays r a p i d l y ,  the quan- 
t i t y  re leased from ORNL does not  s i g n i f i c a n t l y  c o n t r i b u t e  t o  
i n d i v i d u a l  o r  popu la t i on  doses. 

ORNL - 

O f  the  t o t a l  q u a n t i t i e s  l i s t e d  i n  Table 3.1.1, 59 percent  o f  the  
Cs-137 and 78 percent  o f  t he  Sr-90 were p laced i n  t h e  hydro f rac ture  
f a c i l i t i e s  operated a t  ORNL from 1964 t o  1979 and f rom 1982 t o  1984. 
O f  t he  remaining amount, 39 percent of t h e  Cs-137 and 17 percent o f  
t h e  Sr-90 were disposed i n  p i t s  and trenches from 1951 t o  1976. The 
remaining small percentages were conta ined i n  s o l i d  wastes. 

Table 3.1.1 

Sumnary o f  Radionucl ides Released t o  A i r  and Water o r  Bur ied  a t  ORNL 
from 1944 through 1987 

H-3 
CO-60 
Kr-85 
Sr-89 
Sr-90 

Zr-95 
Nb-95 

RU-103 
RU- 106 
1-131 

CS-134 
CS-137 

Th-232 
PU-238 
PU-239 

Xe-133 

Ce- 144 

Cm-243/244 
Urani um 
U n i d e n t i f i e d  alpha 
U n i d e n t i f i e d  beta 
Tota l  r a r e  e a r t h  
Transuranics 
Mixed f i s s i o n  products 

AIR 
(Cur i  es) 

224,071 b 

215,629 
- 
- - - - - 

403.5 b 
1,041,100 - - - 

WATER 
(Cur ies)  

166,300 
325.06 

11.3 
1,197.8 

286.9 
376.6 

6,931.6 
175.3 

- 

- 

- - 
693 
341.9 - - - - - - 

2,694 
1,295 c 

5.2 - 

BURIAL a 
(Cur ies)  

98,000 
8,961 - - 

880,557 - - 
13 

16,104 - - 
6 36 

1,174,709 - 
4.9 
1.4 

173.9 

159.6 (23,930 k g )  
6,568 

3,860 
1,152,686 

2,784 
3,100 d 

14,570 

a B u r i a l  inc ludes m a t e r i a l  p laced i n  p i t s  and trenches from 1951 t o  1976, a n d  
mate r ia l  pu t  i n t o  h y d r o f r a c t u r e  f a c i l i t i e s  du r ing  1964 t o  1979 and 1982 i o  
1984. 
Q u a n t i t i e s  shown f o r  a i r b o r n e  releases .of H-3, Kr-85, 1-131, and 
u n i d e n t i f i e d  alpha a r e  f rom 1961 t o  1987. 

Excl ud i  ng p l  u ton i  um-239 
c Excluding cerium 
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Y-12 - 
Table 3.1.2 presents  the  summary f o r  t h e  Y-12 Plant .  As cou ld  be 
expected from t h e  p l a n t  opera t ing  h i s t o r y ,  t h e  most s i g n i f i c a n t  
re leases have been uran i  um. 

The t a b l e  l i s t s  severa l  ma te r ia l s  o t h e r  than uranium and thorium. 
These r a d i  onucl  i des  were associated w i t h  r e a c t o r  product u ran i  um 
s o l u t i o n s  rece ived from o the r  DOE s i t e s  s ince  1953. The recovery 
process f o r  t h i s  product s o l u t i o n  r e s u l t e d  i n  some of these rad io -  
nuc l i des  remain ing i n  the  m a t e r i a l  which was re tu rned t o  t h e  o t h e r  
s i t e s .  The waste from t h e  process went t o  t h e  S-3 ponds, a l though 
recorded as a b u r i a l .  Since measurements were made f o r  contamina- 
t i o n  c o n t r o l  purposes, t h e  exact q u a n t i t i e s  o f  ma te r ia l  t h a t  
went t o  t h e  ponds a re  unknown. 
f o r  these m a t e r i a l s  f o r  a c c o u n t a b i l i t y  and s e c u r i t y  purposes. 
Releases t o  t h e  ponds were always below these r e p o r t i n g  thresholds.  

Repor t ing  th resho lds  were es tab l i shed  

Table 3.1.2 

Summary o f  Radionucl ides Released t o  A i r  and Water o r  Bur ied  a t  Y-12 P lan t  
from 1944 through 1987 

Y-12 - 

Urani um 
Thorium 
Np-237 
Tc-99 
CS- 137 
CO- 57/60 
Nb-95 
Pu-238/239 
RU- 106 
Zr-95 

A I R  WATER BURIAL a 
(Cur i  es) (Cur i  es ) 

13.87 (6296 kg) 116.58 (182,374 kg)  - 0.680 - 

(Cur ies)  

7,097 (17,290,523 k g )  
18.59 

- b  
56.60 C - - - - - - 

a P r i o r  t o  1972, l i q u i d  wastes con ta in ing  uranium t h a t  were t rans fe r red  t o  
the  S-3 ponds were recorded as b u r i a l s .  
Radionucl ides o t h e r  than uranium and thor ium were conta ined i n  l i q u i d  waste 
streams d ischarged t o  S-3 ponds. Then annual q u a n t i t i e s  f o r  each were 
below t h e  a c c o u n t a b i l t y  r e p o r t i n g  th resho ld  f o r  s e c u r i t y  purposes, so no 
record o f  exact  q u a n t i t i e s  e x i s t .  The i n d i v i d u a l  f i s s i o n  products and 
t ransuran ics  have been q u a l i t a t i v e l y  i d e n t i f i e d  i n  t h i s  waste stream. The 
s e c u r i t y  a c c o u n t a b i l i t y  r e p o r t i n g  th resho ld  f o r  each i s  shown on Table 10 
i n  Appendix A. 
600 g rece ived from ORGDP and disposed a t  Y-12 b u r i a l  grounds. 
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ORGDP 

Table 3.1.3 p rov ides  a summary of rad ionuc l ide  releases from ORGDP. 
The most s i g n i f i c a n t  rad ionuc l  i'des are uranium and technetium. 
small  amount o f  krypton-85 was a l so  released t o  t h e  atmosphere due 
t o  an experiment conducted a t  ORGDP fo r  ORNL. 
occurred from 1976 t o  1980. Kr-85 i s  a nonreact ive gas which, i n  
t h i s  small quan t i t y ,  does no t  con t r i bu te  s i g n i f i c a n t l y  t o  r a d i a t i o n  
doses. 

- 
A 

These releases 

Table 3.1.3 

Summary o f  Radionucl ides Released t o  A i r  and Water o r  Bur ied a t  ORGDP 
from 1945 through 1987 

OR GD P - 

Urani um 
TC-99 

Np-237 
Th-232 

Kr-85 

AIR 
(Cur ies)  

15.64 (10,519 kg)  
10.0 

106.5 - - 

WATER - BURIAL 

(Curies) (Cur ies) 

14.77 (16,700 kg) 
91.3 - 

0.0073 - 

24.35 (32,821 k g )  

- - 
- 7.7 a 

a B u r i a l  records i n L i c a t e  presence of thorium, *,owever, q u a n t i t i e s  were not 
recorded. This maximum number i s  est imated from in fo rma t ion  i n  the  b u r i a l  
records. 

Pad uc a h 

Table 3.1.4 shows t h e  summary o f  releases fo r  t h e  Paducah Gaseous 
D i f f u s i o n  Plant. T h i s  t a b l e  contains e n t r i e s  f o r  plutoniurn-239, a 
t ransu ran ic  element n o t  genera l l y  encountered i n  uranium enrichment. 
The rad ionuc l i de  i s  present due t o  the  processing o f  uranium which 
had been recovered from reac to r  fuel elements. L i q u i d  releases o f  
p lu ton ium stopped i n  1971 w i t h  d iscont inuat ion  o f  reprocessing. The 
t a b l e  a l so  conta ins  e n t r i e s  fo r  technetium-99, a f i s s i o n  product 
which a l so  came t o  the s i t e  i n  recovered uranium. 

- 2 1  - 
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Table 3.1.4 

Sumnary o f  Radionucl ides Released t o  A i r  and Water o r  Bur ied a t  
Paducah Gaseous D i f f u s i o n  Plant from 1952 through 1987 

A I R  WATER BURIAL 
Paducah GDP (Cur ies)  (Cur ies)  (Cur ies)  

U r a n i  um 33.26 (59,450 kg) 15.11 (28,050 kg) 1,327 (3,320 kg) 
TC-99 66.25 3,179 46 3 
Np-237 - 2.07 1.89 
Pu-239 - 12 . 28 2.51 
Th-230 co.1 d c7 d (6 a 

a Discharge data f o r  each year i s  unavailable. Th-230 i s  not  included i n  
Tables 14-16, Appendix A. 

Portsmouth 

Table 3.1.5 shows t h e  sumnary of releases from t h e  Portsmouth 
Gaseous D i f f u s i o n  Plant.  This t a b l e  conta ins e n t r i e s  f o r  uranium, 
technetium-99, and uranium daughters. As mentioned e a r l i e r ,  wh i le  
several  f a c i l i t i e s  a c t u a l l y  release uranium daughters, o n l y  t h e  
Portsmouth f a c i l i t y  has compiled emission data on these 
comparat ive ly  minor rad ionucl  ides. 

Table 3.1.5 

Sumnary o f  Radionucl ides Released t o  A i r  and Water o r  Bur ied a t  
Portsmouth Gaseous D i f f u s i o n  P1 ant from 1955 through 1987 

AIR WATER BURIAL 

Portsmouth GDP (Cur ies)  (Cur ies) (Cur ies)  

Urani um 8.01 (10,510 kg) 14.1 (7,824 kg) 3.46 (5,140 kg) 
Uranium daughters 0.692 30.3 - 
TC-99 18.0 212.8 

- 22 - 

94 



c 

RM I 

Table 3.1.6 sumnarizes t h e  mater ia l  released from the R M I  Ex t rus ion  
P lan t .  The f a c i l i t y  has had no o n s i t e  b u r i a l  o f  uranium. Radio- 
nuc l i des  other  than uranium, which e x i s t  as t r a c e  contaminants i n  
recyc led  mater ia l  have been released from R M I  , as discussed i n  
annual environmental mon i to r ing  reports.  However, h i s t o r i c a l  data 
i s  ava i l ab le  on ly  fo r  uranium. 

- 

RM I - 

Table 3.1.6 

Summary of Radionuclides Released t o  A i r  and Water o r  Bur ied a t  
R M I  Company from 1944 through 1987 

A I R  WATER - BURIAL 

(Cur ies) (Cur ies)  (Cur ies ) 

Uranium 0.57 (886 kg) 2 (3,271 kg )  0 

FMPC 

The summary f o r  FMPC i s  shown on Table 3.1.7. 
"BURIAL" on t h i s  t a b l e  a c t u a l l y  shows t h e  amounts of waste mater ia l  
p laced i n  the  p i t s  and s i l o s .  
shown on the  tab le,  as a r e s u l t  o f  f ue l  recyc le  a c t i v i t i e s .  
expected, the  l a r g e s t  q u a n t i t i e s  shown i n  the  t a b l e  are f o r  uranium. 

- 
The column headed 

Several f i s s i o n  products are a l so  
As 

3.2 Uncer ta in t i es  i n  Tabulated H i s t o r i c a l  Data 

The values presented i n  each t a b l e  should be i n te rp re ted  as reason- 
a b l e  est imates of t h e  amounts of mater ia l  re leased o r  buried. From 
e a r l y  years o f  operat ion,  records are not  ava i l ab le  t o  document the  
exac t  q u a n t i t i e s  involved. Sampling or moni to r ing  for s p e c i f i c  i s o -  
topes o r  o f  several re lease po in ts  was not begun u n t i l  r e l a t i v e l y  
recen t  years. Because of these assumptions and est imat ions,  the  
s p e c i f i c  data presented i n  the  t a b l e  should not  be i n te rp re ted  t o  be 
exac t  o r  prec ise values. 
assumptions were made t o  prov ide estimated quant i t ies .  
u n c e r t a i n t i e s  invo lved f o r  each f a c i l i t y  a re  discussed below. 

I n  the  areas of uncer ta in ty ,  conservat ive 
Some of  the 

3.2.1 Uncer ta in t ies  i n  ORNL data 

o Many of the  s p e c i f i c  rad ionucl ides were not monitored i n  
e a r l y  years of operat ion.  

- 23 - 
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Table 3.1.7 

FMPC - 

Sumnary of Radionucl ides Released t o  A i r  and Water o r  Bur ied a t  
FMPC from 1951 through 1987 

Uranium 
Thorium 
Sr-90 
Tc-99 
RU-106 
CS-137 
Ra-226 
R a-228 
Np-237 
PU-238 
P~-239/240 

AIR 
(Cur ies)  

WATER 
(Curies ) 

BURIAL a 
(Cur ies)  

89.3 (135,387 kg) 49.96 (76,201 kg) 3,540 (5,357,782 kg) 
0.51 0.05 8068 - 06 12 - - 120.4 - - 0.069 - 

0 0.68 - 
0.107 6.16 1,804 
0.00012 3.43 - - 0.0021 - - 0.00018 - - 0.0018 - 

a Denotes wastes i n  storage, i n c l u d i n g  mater ia l  i n  p i t s  and s i l o s  

o Radionucl ide s p e c i f i c  in format ion on t h e  composit ion o f  
wastes placed i n t o  trenches and p i t s  a r e  o n l y  est imates 
based on knowledge of processes i nvol  ved i n  generat i ng 
wastes, t h e  q u a n t i t i e s  t y p i c a l l y  generated by t h e  process, 
and t h e  measurement of gross r a d i o a c t i v i t y .  

o S o l i d  waste q u a n t i t i e s  were estimated from records o f  
volume o f  waste d isposal ,  not  f rom records o f  quant i  t i e s  
o f  r a d i  onucl ides i nvol ved. 

o T r i t i u m  discharge data p r i o r  t o  1972 cou ld  o n l y  be e s t i -  
mated from t h e  r a t i o s  o f  waste produced t o  product ion 
l e v e l s  i n  more recent  years. 

o The uranium b u r i a l  records inc lude both t h e  amount o f  
uranium b u r i e d  as we l l  as t h e  amount placed i n  r e t r i e v a b l e  
storage. 

o V e r i f i c a t i o n  o f  s o l i d  waste q u a n t i t i e s  was done, i n  par t ,  
by i n t e r v i e w i n g  i n d i v i d u a l s  who had worked i n  t h e  program 
i n  ORNL e a r l i e r  years, t o  supplement gaps i n  documenta- 
t i o n .  
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3.2.2 Uncer ta in t i es  i n  Y-12 da ta  

o The uranium q u a n t i t i e s  bur ied  on s i t e  were der ived from 
t h e  weight of dumpsters, con ta in ing  uranium and water i n  
which the  uranium was placed p r i o r  t o  disposal . 

o A l i n e a r  d e t e r i o r a t i o n  o f  f i l t e r  systems on the a i rborne  
uranium emission po in ts  was assumed. 
amount o f  d e t e r i o r a t i o n  i n  the  system was assumed t o  have 
occurred gradual l y  over t h e  years s ince i n s t a l  1 at ion.  
Because the  d e t e r i o r a t i o n  more than l i k e l y  occurred a t  an 
uneven r a t e  (very l i t t l e  du r ing  e a r l i e r  years, when sys- 
tems were new, most o f  t h e  d e t e r i o r a t i o n  occurr ing w i t h i n  
t h e  recent  past), est imates of e a r l i e r  releases would be 
repo r ted  somewhat h igher  than t h e  actual  release concentra- 
t i o n  t h a t  occurred. 

This means the  

o Uranium discharge data from 1944 t o  1954 were not as com- 
p l e t e  as i n  l a t e r  years, b u t  enough data was ava i l ab le  t o  
make discharge est imates f o r  those years. 

o Measurements of t ransuran ics  and f i s s i o n  products were 
made f o r  contamination c o n t r o l  purposes only. Estimates 
o f  amounts going i n t o  t h e  S-3 ponds were based on those 
measurements ra the r  than t h e  waste stream. 

3.2.3 Uncer ta in t i es  i n  Oak Ridge Gaseous D i f f u s i o n  Plant Data 

o Uranium releases f o r  a l l  bu t  recent  years were based on 
a c c o u n t a b i l i t y  records. 

o Data f o r  o ther  rad ionuc l ides  a re  i n t e r m i t t e n t  a t  best. 
Fo r  example, no spec i f i c  in fo rmat ion  on b u r i a l s  e x i s t s  
p r i o r  t o  1958. Technetium-99 releases were not included 
i n  repo r t s  p r i o r  t o  1974. 

3.2.4 Uncer ta in t i es  i n  Paducah Gaseous D i f f u s i o n  Plant D a t a  

o S p e c i f i c  sampling data a re  a v a i l a b l e  on ly  a f t e r  1958. 
E a r l i e r  values are est imates,  based on product ion l eve l s .  

o E a r l y  sampling data were repor ted  as gross alpha and g r o s s  
be ta  values only. Q u a l i t a t i v e  analyses were not a v a i l -  
able. 
were ex t rapo la ted  from t h e  ava i l ab le ,  more recent data. 

Spec i f i c  rad ionuc l ide  concentrat ions i n  e f f l u e n t s  

3.2.5 Uncer ta in t i es  i n  Portsmouth Gaseous D i f f u s i o n  P1 ant Data 

o S p e c i f i c  rad ionuc l ide  ana lys is  o f  a i r  samples has been 
performed r o u t i n e l y  on ly  s ince 1975. E a r l i e r  reported 
da ta  are ext rapolated from more recent  i so top i c  composi- 
t i o n s .  
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o I n  ana lys is  o f  l i q u i d  samples, any beta-gamma ana lys is  
t h a t  i s  l ess  than a predeterminated value i s  assumed t o  be 
a l l  uranium daughter products. Speci f ic  rad ionuc l i de  
analyses are  performed t o  v e r i f y  i s o t o p i c  composi t ion o n l y  
on samples exceeding t h a t  value. 

4.0 R A D I A T I O N  DOSES TO THE PUBLIC FROM RELEASES 

4.1 Cal cu l  a t i  on of Popul a t  i on Doses 

Ne i the r  mass nor r a d i o a c t i v i t y - c a n  be e a s i l y  r e l a t e d  t o  the  e f f e c t  
o f  rad ia t i on ,  a l so  known as r a d i a t i o n  dose equ iva len t  ( o f t e n  
r e f e r r e d  t o  as "dose"). A rem i s  a measure of the  amount o f  rad ia -  
t i o n  dose and i t s  r e l a t i v e  e f f i c i ency  a t  producing a h e a l t h  e f fec t .  
I n d i v i d u a l  doses a re  u s u a l l y  discussed i n  terms of 
m i l l i r e m  - 1/1000th of a rem. 

Rad ia t ion  dose i s  genera l l y  repor ted  i n  one o f  th ree  ways: 

o Organ dose - The r a d i a t i o n  dose t o  a s p e c i f i c  organ o f  t h e  
body. Many rad ionuc l ides  tend t o  concentrate i n  one o r  more 
organs, remaining t h e r e  u n t i l  the  body excretes them, o r  t h e i r  
r a d i o a c t i v i t y  decays away, o r  a combination o f  both. 
c a l c u l a t e d  i n  t h i s  r e p o r t  i s  a c t u a l l y  t h e  comnit ted dose equiva- 
l e n t .  It i s  t h e  dose received over the 50-year pe r iod  f o l l o w i n g  
exposure. Some rad ionuc l ides ,  e.g., Sr-90, remain i n  the  body 
f o r  long t ime per iods.  The c a l c u l a t i o n  used i n  t h i s  r e p o r t  
i nc ludes  t h i s  extended pe r iod  of exposure.) 

(The dose 

o E f f e c t i v e  dose - a weighted average of a l l  t h e  i n d i v i d u a l  organ 
This value i n d i c a t e s  the  e f f e c t  on the  body as a whole, doses. 

from organ doses and who1 e body dose. 

o Whole body dose - t h e  r a d i a t i o n  dose received when t h e  e n t i r e  
body i s  i r r a d i a t e d  uni formly.  This quan t i t y  a r i s e s  from an . 

ex te rna l  exposure t o  r a d i a t i o n  ( i  .e., rad ioac t i ve  ma te r ia l  i s  
ou ts ide  t h e  body,, i r r a d i a t i n g  the  whole body un i fo rmly )  o r  from 
i n t e r n a l  depos i t i on  of rad ionuc l ides  tha t  do not  concentrate i n  
a s p e c i f i c  organ, such as isotopes o f  carbon o r  hydrogen which 
a r e  un i fo rm ly  d i s t r i b u t e d  through the body. 

The maximum r a d i a t i o n  dose t h a t  an i nd i v idua l  may have received f rom 
re leases o f  r a d i o a c t i v e  m a t e r i a l  can be estimated us ing  a model i n  
which t h e  q u a n t i t y  o f  m a t e r i a l  re leased over a s p e c i f i c  t ime i n t e r -  
va l  i s  used t o  est imate t h e  r a d i a t i o n  dose t o  an i n d i v i d u a l ,  account- 
i n g  f o r  such t h i n g s  as t h e  d i spe rs ion  o f  the ma te r ia l  from t h e  
re lease po in t ,  t h e  amount o f  a i r  breathed, t h e  amount o f  water o r  
food consumed, mechanism o f  uptake o f  the ma te r ia l  i n t o  t h e  body, 
and o ther  factors .  Th is  technique e n t a i l s  the  use of computer pro- 
grams t o  perform a s e r i e s  o f  c a l c u l a t i o n s  and est imates based on 
c e r t a i n  assumptions. - 
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I n d i v i d u a l  r a d i a t i o n  doses are u s u a l l y  c a l c u l a t e d  i n  t h i s  manner on 
an annual or more frequent basis, s ince  t h e  est imate app l ies  on l y  t o  
one s p e c i f i c  l oca t i on .  The c a l c u l a t i o n  of r a d i a t i o n  doses f o r  
i n d i v i d u a l s  f o r  longer  t ime per iods r e q u i r e  informat ion not r e a d i l y  
avai  1 ab1 e, such as 1 ong-term meterol og i  c a l  data and t h e  i n d i v i d u a l  s ' 
l o c a t i o n  d u r i n g  t h e  time. 

A way o f  c a l c u l a t i n g  long-term r a d i a t i o n  e f f e c t s  i s  through use o f  
t h e  populat ion,  o r  c o l l e c t i v e  dose, which i s  ca l cu la ted  by 
m u l t i p l y i n g  t h e  average i n d i v i d u a l  dose i n  an area by the  popu la t i on  
o f  t h a t  area. This value i - s  an est imate o f  t h e  r a d i a t i o n  dose 
rece ived by t h e  general publ ic.  For most purposes, populat ion doses 
a r e  c a l c u l a t e d  f o r  t he  area w i t h i n  a 50 m i l e  (80 km) radius o f  each 
f a c i  1 i ty. 

Table 4.1.1 presents the  ca l cu la ted  popu la t i on  dose, i n  person-rem, 
f o r  t h e  50 m i l e  rad ius  o f  each f a c i l i t y .  These popu la t ion  doses a re  
c a l c u l a t e d  f o r  a i rborne  releases and from l i q u i d  releases. 
comparison, t h e  t a b l e  a lso  shows t h e  cumulat ive popu la t ion  dose t o  
t h e  same popu la t i on  r e s u l t i n g  from n a t u r a l  and enhanced sources o f  
r a d i a t i o n .  The average res ident  o f  t h i s  count ry  receives a rad ia -  
t i o n  dose o f  approximately 300 m i l l i r e m  pe r  year  from these n a t u r a l  
and manmade sources, i nc lud ing  n a t u r a l l y - o c c u r r i n g  r a d i o a c t i v i t y  i n  
rocks, s o i l ,  food, a i r  and water, and f a l l o u t  from above-ground 
nuc lea r  weapons t e s t s  conducted i n  t h e  1950s and 1960s. Table 4.1.3 
l i s t s  a few n a t u r a l  and manmade sources o f  r a d i a t i o n  exposure. 

As a 

Table 4.1.2 shows the  ca lcu la ted  maximum i n d i v i d u a l  r a d i a t i o n  doses 
r e s u l t i n g  f rom discharges o f  rad ionuc l ides  from each f a c i l i t y  i n  
1987. 

Another pathway f o r  poss ib le  exposure o f  humans i s  by ea t ing  f i s h  
f rom waters r e c e i v i n g  t h e  l i q u i d  e f f l u e n t s .  An est imate of the  
t o t a l  popu la t i on  dose from t h i s  pathway f o r  t h e  t h r e e  Oak Ridge, 
Tennessee f a c i l i t i e s  i s  shown i n  Table 4.1.4. The s ign i f i cance  of 
these c a l c u l a t e d  doses i s  explained i n  Sect ion 4.3. 

I n  

0 

0 

0 

0 

orde r  t o  o b t a i n  t h i s  est imate, i t  was assumed t h a t :  

The exposed popu la t ion  consisted o f  t h e  downstream populat ion 
f rom Oak Ridge t o  Chattanooga (303,000 persons). 

F i s h  concentrate the  rad ionuc l ides  ( p r i m a r i l y  cesium and s t ron -  
t i u m )  i n  t h e i r  bodies by a f a c t o r  o f  2,000 t imes the  water 
concent r a t i o n .  

Ten percent  o f  t h e  populat ion consumes 7.3 kg. (16 lb.) of s p o r t  
f i s h  p e r  yea r  w i t h  one percent o f  t he  spo r t  f i s h  ground i n t o  
p a t t i e s  which i nc lude  bone. 

F i f t y  percent  of t he  commercial ca tch  i s  consumed by humans wi:n 
t e n  percent  being made i n t o  p a t t i e s  which i nc lude  bone. 
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TABLE 4.1.3. 

NATURAL AND ENHANCED SOURCES OF RADIATION a 

E f f e c t i v e  Dose b 
Natura l  (mi 11 i remslyear) 

Cosmi c r a d i  a t  i on 

Sea Level 27 

Denver, Colorado 50 

S o i l  and rocks 

A t l a n t i c  and Gulf 
Coastal P1 a i  ns 16 

Eastern Slope o f  
Rocky Mountains 63 

Inha led  (radon) 200 

E f f e c t i v e  Dose C 
Enhanced (mi 11 i rems/year) 

Natural  gas cooking 
range 0.4 

Gas and Aerosol (Smoke) 
Detectors 0.008 

Bui 1 d i  ng Mater i  a1 s 7 

Je t  P1 ane Travel 1 

A i  r p o r t  Inspec t ion  
Systems 0.002 

a Data from Nat iona l  Council on Rad ia t ion  P ro tec t i on  and Measurements Report 
No. 93, " I o n i z i n g  Radiat ion Exposure o f  t he  Populat ion o f  t h e  Un i ted  
Sta tes"  ( 1 9 8 7 ) .  
Average i n d i v i d u a l  exposure t o  a member o f  t h e  popu la t ion  o f  t h e  U.S. 
Average i n d i v i d u a l  exposure t o  t h e  exposed popu la t ion  ( i  .e., those exposed 
t o  t h e  s p e c i f i c  sources) 

Table 4.1.4. 

Est imated Popu la t ion  Dose from Consumption of F i sh  i n  C l i nch  and Tennessee 
R ive rs  from Oak Ridge t o  Chattanooga, Tennessee through 1987 

Report i ng Estimated E f f e c t i v e  Dose (Person-rem) from: 
Faci 1 i t y  Per iod Sport F i  s n i  ng Comerc i  a1 F i  s h i  n y  

ORNL 38 years 652.3 147.4 
Y-12 43 years 1.5 0.3 
ORGDP 4 1  years 0.2 0.04 

Tota l  654.0 147.7 
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. 
Since s t a t i s t i c a l  da ta  were a v a i l a b l e  only f o r  commerical f i s h i n g  
q u a n t i t i e s ,  several  assumptions were needed t o  es t imate  t h e  amount 
o f  spo r t  f i s h i n g  done on these r i v e r s .  The est imate t h a t  t en  per-  
cen t  o f  t h e  popu la t i on  (30,300 persons) consumes 7.3 kg (16 1 bs.) o f  
f i s h  per year through Sport f i s h i n g  undoubtedly overestimates the  
exposed popu la t ion  considerably. 

O f  t h e  commercial f i s h i n g  ca tch  of 100,000 kg (2,200,000 lbs.)  per  
year,  t h e  predominant use of t h e  f i s h  i s  i n  f e r t i l i z e r s  and ca t  
food. Assuming t h a t  one-hal f  of t h e  t o t a l  catch i s  consumed by 
humans i s  a l s o  a conservat ive estimate. 

Because some of t h e  rad ionuc l ides  present tend t o  concentrate i n  
bone, an assumption was made t h a t  t en  percent o f  bo th  t h e  spor t  and 
commercial f i s h i n g  ca tch  was ground i n t o  f i s h  pa t t i es .  These pa t -  
t i e s  would con ta in  t h e  bones and t h e  f l e s h  o f  these f i s h  and serve 
as t h e  exposure pathway f o r  rad ionuc l ides  concent ra t ing  i n  bones. 
The t e n  percent est imate i s  a conservat ive quant i t y .  

4.2 Uncer ta in t ies  I n  Ca lcu la t i on  of Populat ion Dose 

Many f a c t o r s  c o n t r i b u t e  t o  t h e  unce r ta in t y  of t h e  ca l cu la t i ons ,  
making t h e  repor ted  r a d i a t i o n  doses estimates and no t  p rec i se  and 
accurate measurements. ' Some of t he  assumptions and u n c e r t a i n t i e s  
i nvo l ved  are: 

o Uncer ta in ty  i n  ac tua l  q u a n t i t i e s  o f  ma te r ia l  released, as p re-  
v i  ously discussed. 

o Imprecis ion o f  models descr ib ing  d ispers ion  and d i f f u s i o n  o f  
ma te r ia l s  i n t o  t h e  environment from the  p o i n t  o f  release. 
Mathematical models can, a t  best, only approximate t h e  degree of  
d ispe rs ion  and a r e  no t  exact desc r ip t i ons  o f  na tu ra l  processes. 

o V a r i a b i l i t y  i n  t h e  i n g e s t i o n  and i n h a l a t i o n  pa t te rns  o f  a popu- 
l a t i o n .  I n  o rde r  t o  c a l c u l a t e  populat ion doses, c e r t a i n  
assumptions must be made i n  regard t o  t h e  amount of food, water, 
and a i r  an average i n d i v i d u a l  would consume du r ing  t h e  t ime 
i n t e r v a l .  There must a l so  be assumptions as  t o  how much o f  t n e  
food i s  grown l o c a l l y  as opposed t o  ou ts ide  t h e  50-mile rad ius ,  
and t o  t h e  d r i n k i n g  water source i n  es t ima t ing  how much i s  drawn 
from streams a f f e c t e d  by p l a n t  ef f luents.  
these ac tua l  values from the  assumed average value con t r i bu tes  
t o  imprec is ion  i n  dose estimates. 

The v a r i a b i l i t y  o f  

4.3 S ign i f i cance o f  Calcu lated Radiat ion Doses 

One method of understanding the  s ign i f i cance  o f  t h e  pub1 i c  rad1 a t  i on 
doses l i s t e d  i n  Table 4.1.1 i s  by comparing them t o  the  background 
doses over t h e  same per iod ,  a l so  shown on Table 4.1.1. The popula- 
t i o n  dose est imated f o r  each f a c i l i t y  i s  l ess  than 1 percent o f  t h e  
est imated background popu la t ion  dose. 
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Another means o f  eva lua t i ng  the  s i g n i f i c a n c e  o f  t h e  popu la t ion  rad ia -  
t i o n  dose i s  by us ing  a s t a t i s t i c a l  r i s k  fac to r .  
would make an es t imate  of t he  p o t e n t i a l  f o r  a s p e c i f i c  hea l th  e f f e c t  
t o  be found i n  an exposed populat ion,  based on t h e  est imated rad ia -  
t i o n  dose t o  t h e  populat ion.  
based on h e a l t h  e f f e c t s  s tud ies of h i g h  r a d i a t i o n  doses, t o  est imate 
t h e  p r o b a b i l i t y  o f  such e f f o r t s  i n  a popu la t i on  f rom lower r a d i a t i o n  
exposures. F o r  t h e  purposes of d iscuss ion  i n  t h i s  repor t ,  the 
h e a l t h  e f fec ts  be ing considered are  f a t a l i t i e s  due t o  cancer. 

The r i s k  f a c t o r  

Risk f a c t o r s  have been developed, 

While these fac to rs  a re  f requent ly  used t o  c a l c u l a t e  t h e  r i s k  t o  a 
populat ion,  t h e r e  i s  a l a r g e  degree o f  u n c e r t a i n t y  as t o  the  c o r r e c t  
model f o r  e x t r a p o l a t i n g  h e a l t h  ef fects .  The degree of r i s k  from low 
r a d i a t i o n  doses i s  t oo  small t o  be observed d i r e c t l y .  Therefore, 
c a l c u l a t i o n  of h e a l t h  e f f e c t s  from low doses does no t  g i ve  a n  
accurate es t imate  o f  r i s k .  

Risk f a c t o r s  developed by research conducted by Uni ted Nations 
organ iza t ions  are  commonly used t o  r e l a t e  r a d i a t i o n  dose t o  t he  
number o f  h e a l t h  e f f e c t s  t h a t  could be expected from t h a t  dose. 
DOE/ORO has used a r i s k  f a c t o r  o f  0.000165 f a t a l  cancers and genet ic  
e f f e c t s  occu r r i ng  per  person-rem of popu la t i on  e f f e c t i v e  dose 
equiva lent .  
h e a l t h  e f fec ts  t h a t  could have occurred as a r e s u l t  o f  t he  l e v e l s  o f  
r a d i o a c t i v i t y  conta ined i n  e f f l u e n t s  f rom each f a c i l i t y .  These are  
t h e  est imated number o f  f a t a l  cancers and gene t i c  e f f e c t s  which 
might  have been expected i n  the  popu la t i on  w i t h i n  a 50 m i  e rad ius  
o f  each f a c i l i t y  spread over the  e n t i r e  t ime  t h a t  t he  fac  l i t y  has 
been i n  operat ion.  

Table 4.3.1 below summarizes t h e  est imated number o f  

For comparison, Table 4.3.1 a l so  shows t h e  number o f  heal h e f f e c t s  
t h a t  cou ld  be expected i n  t h e  same popu la t i on  over  t h e  same per iod  
o f  t ime  based on t h e  background l e v e l  o f  rad ia t i on .  This comparison 
shows t h a t  t h e  est imated number o f  h e a l t h  e f f e c t s  which could have 
been expected due t o  rad ionuc l ide  re leases i s  smal l  when compared t o  
t he  est imated number o f  t he  same h e a l t h  e f f e c t s  which could have 
been expected due t o  na tu ra l  backyround r a d i a t i o n .  Because the  
normal inc idence o f  these e f f e c t s  i s  so l a rge ,  t h e  poss ib le  e f f e c t s  
occu r r i ng  due t o  rad ionuc l i de  releases i s  i n d i s t i n g u i s h a b l e  from t h e  
background. 
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Table 4.3.1. 
ESTIMATEU HEALTH EFFECTS FROM HISTORICAL RADIONUCLIDE RELEASES FROM DOE 

OR0 FACILITIES THROUGH 1987 
'- Number of 

Operat ing Popu la t ion  Number o f  Heal th  E f f e c t s  
T i  me W i t h i n  50 Hea l th  Ef fects  - Background 

Faci  1 i t y  (years)  M i les  (1980 - Rad ia t ion  a Radi a t  i on 

ORGDP 41  837,000 0. 2 
Paducah G3P 35 454,000 0.2 
Portsmouth GDP 32 6O0,OOO <o. 1 
Y-12 43 863,000 2 
FMPC 36 1,164,000 , c  
RM I 25 1,600,OOO c o o  1 
ORNL 38 836, ooo 0.6 

1,699 

950 
1,837 
2,074 
1,980 
1,572 

787 

a Number o f  f a t a l  cancers and genet ic  e f fec ts  which cou ld  be expected t o  
occur  i n  t h e  popu la t i on  as a r e s u l t  of t h e  r a d i a t i o n  dose l e v e l s  shown i n  
Table 4.1.1. 

b Number o f  f a t a l  cancers and gene t i c  e f fec ts  which cou ld  be expected t o  
occur  i n  t h e  popu la t i on  as a r e s u l t  of t h e  background r a d i a t i o n  dose l e v e l s  
shown i n  Table 4.1.1. 

c Comparable c a l c u l a t i o n s  f o r  FMPC a re  s t i l l  be ing  evaluated and have no t  y e t  
been f i n a l  i zed. 

5.0 COMPLIANCE WITH R A D I A T I O N  STANDARDS GUIDELINES AND REGULATIONS 

Several  r a d i a t i o n  standards and gu ide l i nes  have been promulgated by 
f e d e r a l  agencies f o r  p r o t e c t i o n  of t h e  p u b l i c  and environment. The 
re lease  da ta  i n  t h i s  r e p o r t  can be compared w i t h  the  regu la to ry  l i m i t s .  

The Nuclear  Regulatory Commission (NRC) standards are w ide ly  used i n  
l i c e n s i n g  a c t i v i t i e s  i n v o l v i n g  t h e  use o f  r a d i o a c t i v i t y .  They a r e  shown 
t o  i l l u s t r a t e  t h e i r  s i m i l a r i t y  t o  OOE standards. I n  add i t i on ,  s t a t e  
r e g u l a t i o n s  a re  genera l l y  cons i s ten t  w i t h  NRC and Environmental 
P r o t e c t i o n  Agency (EPA) standards. 

5.1 Rad ia t i on  Dose Standards 

P u b l i c  r a d i a t i o n  dose standards have been issued by DOE, EPA, a n d  
NRC and a re  in tended t o  l i m i t  exposures through a l l  pathways (e .9 . .  
b r e a t h i n g  a i r ,  food and water consumption, ex te rna l  r a d i a t i o n ) .  dne 
p a r t  of t h e  regu la t i ons  i s  t h e  concept o f  l i m i t i n g  r a d i a t i o n  
exposure t o  l e v e l s  which are  "as low as reasonably achievable"  
(known by t h e  acronym, ALARA). 
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5.1.1 Federal Radi a t i  on Counci 1 (FRC) 

The FRC was formed i n  1959 t o  prov ide a federa l  p o l i c y  on 
human r a d i a t i o n  exposure, prov id ing,  among o the r  th ings ,  
guidance f o r  f ede ra l  agencies i n  the  fo rmu la t i on  o f  r a d i a t i o n  
standards. The guidance issued on May 18, 1960, es tab l i shed 
the  f o l l o w i n g  Rad ia t ion  Pro tec t ion  Guides f o r  normal peace- 
t ime opera t ions :  

"(1) For t h e  i n d i v i d u a l  i n  the  popu la t ion ,  t h e  bas ic  guide 
f o r  annual whole body dose is  0.5 rem. This guide 
a p p l i e s  when t h e  i n d i v i d u a l  whole body doses are  not  
known. As an operat ional  technique, where t h e  
i n d i v i d u a l  whole body doses a re  n o t  known, a s u i t a b l e  
sample o f  t h e  exposed popu la t ion  should be developed 
whose p r o t e c t i o n  guide f o r  annual whole body.dose 
w i l l  be 0.17 rem per cap i ta  per  year... 

" ( 2 )  Considerat ion o f  populat ion gene t i cs  impose a per  
c a p i t a  dose l i m i t a t i o n  f o r  t h e  gonads o f  5 rems i n  30 
years. The operat ional  mechanism descr ibed above f o r  
t h e  annual i n d i v i d u a l  whole body dose of 0.5 rem i s  
l i k e l y  i n  t h e  immediate f u t u r e  t o  assure t h a t  t h e  
gonadal exposure guide ( 5  rem i n  30 years )  i s  no t  
exceeded. I' 

The EPA i s  now assigned the  pol icy-making r e s p o n s i b i l i t i e s  of 
t h e  FRC. An in teragency task fo rce  has been formed f o r  t h e  
purpose o f  reeva lua t i ng  the  1960 guidance. 

5.1.2 DOE - 
DOE has es tab l i shed  a maximum e f f e c t i v e  dose equ iva len t  
standard f o r  members o f  the  pub l i c :  

The e f f e c t i v e  dose equiva lent  f o r  any member o f  t h e  p u b l i c  
from a1 1 r o u t i n e  DOE operations1 ( n a t u r a l  background and 
medical exposures excluded) sha l l  not  exceed t h e  values given 
bel  ow: 

1. Rout ine DOE operat ions means normal planned operat ions and does not  
i n c l  ude actual  o r  p o t e n t i  a1 acc identa l  o r  unpl anned re1 eases . 
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Ef fec t i ve  dose equiva lent2 
mrem/year (mSv/year ) 

Occasional annual exposures3 500 ( 5 )  
Pro1 onged per iod  of exposure3 100 ( 1 )  

No i n d i v i d u a l  organ s h a l l  rece ive  an annual dose equ iva len t  
i n  excess o f  5 rem/year (50 mSv/year). 

Th is  standard i s  i n  t h e  process of be ing rev i sed .  
r e n t  d r a f t  o f  t he  r e v i s i o n  would r e t a i n  the  l i m i t  o f  100 mrem 
(0.1 rem) as t h e  maximum annual e f f e c t i v e  dose f o r  any member 
o f  t h e  p u b l i c  f rom the  rou t i ne ,  cont inued operat ion o f  DOE 
f a c i l i t i e s ,  bu t  de le te  t h e  p rov i s ions  f o r  occasional annual 
exposures o f  500 mrem. 

The cur -  

5.1.3 NRC - 
The NRC r a d i a t i o n  exposure standards f o r  members o f  the  pub- 
l i c  a re  contained i n  the  Code o f  Federal Regulations 10 CFR 
20.105. 
l i c e n s e  o r  f o r  amendment o f  a l i c e n s e  proposed l i m i t s  upon 
l e v e l s  o f  r a d i a t i o n  i n  u n r e s t r i c t e d  areas r e s u l t i n g  from t h e  
appl i cant  ' s possession o r  use o f  r a d i  oac t i  ve materi a1 and 
o the r  sources of rad ia t ion .  Such app l i ca t i ons  should i nc lude  
in fo rma t ion  as t o  a n t i c i p a t e d  average r a d i a t i o n  l e v e l s  and 
a n t i c i p a t e d  occupancy t imes f o r  each un res t r i c ted  area 
involved. The Comnission w i l l  approve the  proposed l i m i t s  i f  
t h e  app l i can t  demonstrated t h a t  t h e  proposed l i m i t s  are n o t  
l i k e l y  t o  cause any i n d i v i d u a l  t o  rece ive  a dose o f  the  whole 
body i n  any pe r iod  o f  one calendar year  i n  excess o f  0.5 
rem." 

"There may be inc luded i n  any app l i ca t i on  f o r  a 

5.1.4 EPA - 
EPA has issued environmental standards (40 CFR 190) f o r  t h e  
uranium f u e l  cyc le  t h a t  a re  app l i cab le  t o  those por t ions  o f  
uranium enrichment operat ions t h a t  d i r e c t l y  support the  p r o -  
duc t i on  o f  e l e c t r i c a l  power f o r  p u b l i c  use u t i l i z i n g  nuc lear  

2 .  Ef fec t i ve  dose equvalent w i l l  be expressed i n  rem ( o r  m i l l i r e m )  w i t h  t h e  
corresponding va lue i n  s i e v e r t  ( o r  m i l l i s i e v e r t )  i n  parenthesis. As used 
i n  t h i s  standard, e f f e c t i v e  dose equvalent inc ludes  both the  e f fec t i ve  
dose equ iva len t  f rom ex terna l  r a d i a t i o n  and t h e  committed e f f e c t i v e  dose 
equ iva len t  t o  i n d i v i d u a l  t i ssues  f r o m  i n g e s t i o n  and inha la t i on  dur ing tne 
calendar year. 

3. For t h e  purpose o f  these standards, a prolonged exposure w i l l  be one t h a t  
l a s t s ,  o r  i s  p red ic ted  t o  l a s t ,  longer than f i v e  years. 
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energy. These standards came i n t o  e f f e c t  December 1, 1979, 
bu t  a re  not  d i r e c t l y  app l i cab le  t o  DOE f a c i l i t i e s .  

Operations a r e  t o  be conducted i n  such a manner as t o  p rov ide  
reasonable assurance t h a t  t h e  "annual dose equ iva len t  does 
no t  exceed 25 m i l l i r e m s  t o  t h e  whole body, 75 m i l l i r e m s  t o  
t h e  thy ro id ,  and 25 m i l l i r e m s  t o  any o the r  organ of any mem- 
ber of t h e  p u b l i c  as the  r e s u l t  o f  exposures t o  planned d i s -  
charges o f  r a d i o a c t i v e  mater ia ls ,  radon and i t s  daughters 
excepted, t o  t h e  general environment and t o  r a d i a t i o n  f rom 
these operat  i ons . I' 

On February 5, 1985, EPA issued a na t i ona l  emission standard 
f o r  rad ionuc l ides  under t h e  Clean A i r  Act. The r e g u l a t i o n  
(40 CFR 61) es tab l i shes  t h e  standard as: "Emissions o f  
rad ionuc l ides  t o  a i r  from DOE f a c i l i t i e s  s h a l l  no t  exceed 
those amounts t h a t  cause a dose equ iva len t  o f  25 mrem/y t o  
the  whole body o r  75 mremly t o  the c r i t i c a l  organ o f  any 
member o f  t h e  pub l i c .  Doses due t o  radon-220, radon-222, and 
t h e i r  respec t i ve  decay products are excluded f rom these 
1 imi ts . "  

5.2 DOE/ORO F a c i l i t v  ComDliance With Standards 

Table 4.1.2 presents  1986 e f f e c t i v e  and organ doses c a l c u l a t e d  us ing  
releases from each DOE/ORO f a c i l i t y .  
a re  we1 1 be l  ow t h e  appl i cab1 e standards . The recent  popu la t i on  doses 

6.0 CONCLUSIONS 

The in fo rmat ion  prov ided i n  t h i s  repo r t  leads t o  t h e  f o l l o w i n g  conclu- 
s ions :  

o While a cons iderable amount o f  data on releases o f  rad ionuc l ides  has 
been c o l l e c t e d  s ince  t h e  DOE/ORO f a c i l i t i e s  began operat ion,  i t  i s  
no t  poss ib le  t o  p rov ide  a complete, accurate account ing of 
rad ionuc l i de  re leases from these f a c i l i t i e s .  Reasonable est imates 
may be made f o r  most instances, based on the  a v a i l a b l e  in fo rmat ion .  

o Using the  a v a i l a b l e  i n fo rma t ion  on releases, i t  i s  poss ib le  t o  ca lcu-  
l a t e  doses t o  i n d i v i d u a l s  and popu la t ion  w i t h i n  50 m i l e s  o f  each 
f a c i  1 i ty. 

o These dose est imates cou ld  be h igh  o r  low. The l a c k  of complete d a t a  
on releases cou ld  r e s u l t  i n  low est imates o f  dose; whereas t h e  ca lcu-  
l a t i o n a l  assumptions genera l l y  lead  t o  h igher  than expected doses. 

o Estimated h i s t o r i c a l  doses a re  much lower than t h e  doses received f r o m  
na tu ra l  and man-enhanced r a d i o a c t i v i t y .  
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APPENDIX A 

Y e a r l y  Sumnari es of Est imated Radi onucl i de Re1 eases from DOE/ORO Faci  1 i t i e s  



4' 

Table 1 

Oak Ridge Nat ional  Laboratory (ORNL) 
Estimated Atmospheric Releases of Radionucl ides 

(Cur ies)  

Uni dent i f i ed 
Year 1-131 H- 3 Kr-85 Xe- 133 A1 pha 

1961a 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

To ta l  

42.00 
121.20c 
54.00 
84.50 
18.40 
15.79 
22.30 
10.38 
16.38 
1. 43d 
3.46 
1.70 
2.18 
1.97 
2.10 
1.25 
1.37 
1.70 
0.30 
0.22 
0.50 
0.13 
0.05 
0.10 
0.09 

c0.035 
0.02 

403 . 52 

b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 

1,800 
9,100 

555 
5 34 

6,019 
2,524 
2,500 
5,109 

14,800 
11,300 
19,000 
22,200 
33,400e 
20,180 
31,000 
44,050 

224,071 

b 
b 
b 
b 
b 
b 
b 
b 
b 

15,000 
15,000 
15,400 
14,000 
20,000 
17,700 
11,500 
8,606 

12,000 
10,500 
8,800 
6,700 

11,700 
11,900 
14,900 
6,623 

10,600 
4,700 

215,629 

b 
b 
b 
b 
b 
b 
b 
b 
b 

75,000 
71,000 
64,900 
68,600 
99,200 
87,500 
54,000 
42,030 
59,000 
51,190 
42,800 
32,400 
57,100 
57,700 
72,700 
32,280 
51,000 
22,700 

1,041,100 

b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 

4.0 x 
4.0 x lom6 

4.0 x lom6 
4.0 x 
4.0 x loS6 

4.8 x 10-6 

7.8 x 10-8 
2.7 x 

9.6 x 

4.0 x 10-6 

4.0 x 10-6 

4.9 x 10-6 

4.3 x 10-6 

6.0 10-7 

4.5 x 10-5 

0 
0 

a Estimates of releases p r i o r  t o  1961 unava i lab le  due t o  l a c k  o f  data. 

No data. 

F i r s t  est imate based on i n -s tack  sampling informat ion.  

F i r s t  est imate r e f l e c t i n g  t h e  e f f e c t s  o f  an upgraded charcoal f i l t e r  system. 

from a c a l c u l a t i o n  based on rad ionuc l i de  inventory. 

A l l  d i g i t s  c a r r i e d  through t o  avo id  rounding errors.  Only f i r s t  two d i g i t s  
a re  s i  gni f i cant. 

e F i r s t  t r i t i u m  release es t ima te  developed f r o m  mon i to r ing  data r a t h e r  than 



c 

Tablo 2 

ORNL 

E s t l m s t d  0lSchsrg.s of Radlonuclldes from Whlte Oak Creek t o  the Clinch R i v e r  
(Curlor) 

~~~ ~~ 

1944b 600 
1945b 500 
1946O 900 
1947b 200 
194ab 494 

.1949 
I950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
I958 
1959 
1960 
1961 
1962 
I963 
1964 
I965 
1966 
1967 
1968 
I969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Totals 2,694 

0.04d 
0.04 
0.08 
0.05 
0.08 
0.07 
0.25 
0.28 
0.15 
0.08 
0.68 
0.19 
0.07 
0.06 
0.17 
0.08 
0.50 
0.16 
1.05 
0.04 
0.20 

180 22 77 
15 42 19 

5 2 18 
19 18 20 
8 4 2 

14 9 4 HA 
5 6 7 7 

15 4 46 
I 5 
8 9 

27 50 1 17 

23 l2 7 
6 6 

77 
19 
20 
10 
6 

22 
63 

170 
89 
55 
76 
31 
15 
6 
4 
6 
2 
2 
3 
1 
1 
2 
1 
2 
2 
1 

0.6 

110 
23 
18 
15 
26 
11 
31 
29 
60 

150 
38 
29 
72 

1 30 
140 
93 

100 
83 

HA 150 
0.3 60 
1.9 28 
2.0 22 
1.7 9 
1.0 8 
0.8 7 
0.6 3 
0.9 3 
0.7 5 
0.6 3 
0.3 3 
0.3 4 
0.2 3 
NA 6 

7 
6 
7 

5 
3 
2 

77 
30 
1 1  
26 

110 
160 
150 
140 
110 
24 0 
94 
48 
24 
1 1  
9 

13 
6 
5 
9 
4 
5 
5 

18 
NA 
NA 
23 

7 
24 
85 
59 
1s 
30 
48 
27 

4 
1 

42 
520 

I ,  900 
2,000 
1,400 

430 
190 
69 
29 
17 
5 
2 
1 

0.5 
0.5 
0.7 
0.2 
0.3 
0.2 
0.2 
0.2 

sa 45 5 72 
20 70 4 31 

2 8 
0.3 0.7 
0.2 3.1 
0.3 0.3 
0.7 0.7 
0.5 0.5 
0.3 0.3 
0.2 0.2 
0.02 0.02 
0.01 0.01 
0.01 0.01 
0.05 0.05 
0.02 0.02 
HA Nn 

0.4 

0.3 
0.2 
0.2 
0.9 
0.3 
0.5 
0,s 
0.2 
0.3 
0.5 
0.2 

0.4 
14 
14 
15 

2 
0.3 
0.1 

1,900 
1,200 
3,100 

13,300 
9,700 

12,200 
9,500 
8,900 

10,600 
15.000 
8,600 

11,000 
7,400 
6,200 
6, 300 
7,700 
4.600 
2,900 
5,400 
5,600 
6,400 
3,700 
2.600 
2.500 

166, 300 

12 
7 0.1 

0.2 
0.01 
0.02 
0.06 
0.05 
0.03 

3 
1 
1 
1 
I 
I 
1 
0.6 
0.5 

0.9 
0.4 
0.4 
0.4 

0.7 
1 .o 
0.3 
0.2 
0.6 
0.54 

0.4 

0.40 
0.05 3 

5 0.07 
0.08 
0.02 
0.02 
0.01 
0.05 
0.03 
0.03 
0.04 
0.04 
0.05 
0.05 
0.05 
0.008 
0.024 
0.006 

5.248 

- 

0002 
0.02 
NA 0.3 

0. 03 
0.05 
0.04 
0.04 
0.04 
0.04 
0.06 
0.004 
0.05 

0.2 
0.2 
0.3 
0.2 
0.6 

0.1 
0 

2.4 
1.5 
1.5 
2.7 
2.1 
2.6 
3.0 
1 .e 

0.2 
1.5 
1.2 

0.1 
0.2 
0.2 
0.2 
0.007 

0.6 

1 .o 
0.6 

693.6 

0.4 

- 0 
0 

6,951.6 

0.12 

376.61 286.91 175.33 325.06 

---- - 
1,295 341.93 11.3 1,196.6 

alotsi r a m  w r t h s  mlnus arlum. 

blndlvldusl rsdlonucl Id. b t a  not mal Iablo. 

CnNAn mons no analysls pertomod 

dEstImateO tran mwsuremonts mdo durlng 18St g u a t r  of 1949. 

eTransor an 1 cs 

'All d i g i t s  carrlod through to avo10 roundlng urws. Only tlrst Two are slgnltlcant. 
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Table 4 

OWL 

Estimated @ a n t l t l e s  of  b d l o n u c l l d e s  In Llquld In P l t s  and Trenches 
(Curies) 

Year Sr -90  UIO b t a a  Pu-239 Cs-137 Cod0 TREb Ru-106 Ru- 103 

1953 C 

I 952 
I953 
I954 
I955 
1956 
1957 
I950 
1959 
1960 
1961 2,913 
1962 2,963 
1963' 10,121 
1964 22,764 
1965 93,107 
I 966 8,345 
1967 16 
1968 9 
I969 6 
1970 6 
1971 6 
I972 15 
I973 1 1  
I 974 4 
1975 3 
1976 2 

TOTAL' 146,916 

390 
953 

77, I65 
7,224 
21,390 
34,990 
4 1,920 
52,790 
280,000 
25,026 

37 
20 
61 
42 
32 
19 
17 
12 
20 
13 
8 
3 
2 

472,686 

0.0 
0.2 
I .o 
1.6 
2.6 
2.9 
3.1 
3.5 
3.1 
3.4 26,675 24 1,024 1,638 13 
4.0 35,586 204 2,030 2,680 
3.9 100,360 1,587 3,207 
4.5 147,970 329 433 
4.1 119,975 2,l IO 49 5 
0.8 16,386 229 51 

- - - - - 
8,504 IS 446,952 4,563 2,704 38.3 

aUnldent l f l .d  gross beta and gama . m l t t w s .  
h d t a ~  ra re  earths. 
%tanks Indlcato  t h a t  no data was re0ort.d. 
$ata f o r  1963 through 1976 a m  estlmstod values d l s o o s d  I n  sludge. 
prevlars d a t a  are for l lquld  dlschargos. 

' A t 1  d i g i t s  carrld through t o  avold roundlng errors.  

Data for 

o n l y  f i r s t  two are s ignl f Icant .  
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fable 5 

ORHL 

Est1mt .d  Quant l t les of Rsdlonucl Ides in L'ipuld In Shale Fracture Fact I ities a*  b 
(Curios) 

Mixed 
Year S r - 9 0  Cs-134 CS-137 Ru-106 cod0 Pu-238 Pu-239 Cd UN-ID Alphad F.P.O 

1964 
1965 
1966 
1967 
1968 
1969 
1 970f 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
I979 
1980 
1981 
1982 
1983 
1984 

TOTALO 

610 
822 

3 
10, om 
4,800 
8,900 
2,747 

3,024 

5, 197 

1 , 700 
165 
23 

148,000 
453, OOO 
U,6W 

683,641 

317 
4 , 920 

19,950 
75, so0 

121,300 
89, OOO 
44 , 830 

93,130 

409 72,750 

34,OOo 
18,480 

227 13,600 

34, OOo 
43, 300 
7,700 

636 672,777 

- 

36 
4 

21 
594 
UH) 
100 
236 

3,619 

1,313 

384 
593 

- 
7,600 

4 
15 
8 

642 
100 
200 

12 

157 

159 

2,700 
212 
129 

- 
4,398 

2.2 
0.2 
1.8 

0.8 2.0 

0.1 1.4 

1.4 0.6 2.0 
0.1 
0.6 

1,220.0 430.0 6,800 

834.0 2,130.0 1,270 

1.4 5.6 6,568.0 3,860.0 14,570 

4,510.0 1,290.0 60 - -  

a Tho t l r s t  shale f racture f a c l i l t y  was o g r a t e d  from 1964 t o  1979. The wtond $halo f racture f a c i l i t y  
was aperaid frm 1982 to  1984. 

B l a n k s  Indicate thnt no data was r.poc+d. 

e Cm-243 and -244 

UnIdontIf lod alpha .Altters conslstlng of transuranics excluding 01-243 and Cm-244. 

U n l d m t l f l d  k t a  and gam . la i t tars  oms ls t l ng  p r l m r l i y  of mixed fission products. 

No InJectlonr during, 1971, 1973, 1974, 1976, 1980, and 1981. 

A l l  d l g l t s  carrid through t o  avoid rounding errors. Only f i r s t  two are s lgnl f ieant.  
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Table  6 

Y-12 Plant  

Est imated Atmospheric Releases o f  R a d i o a c t i v i t y  

Uran i  um Urani  um a 
Year ( C i )  (kg) 

1944 0.04 55 
1945 0.07 102 
1946 0.07 102 
1947 0.04 55 
1948 i b  - 
1949 - - 
1950 - - 
1951 - - 
1952 - - 
1953 0.01 30 
1954 0.14 32 
1955 0.14 32 
1956 0.83 43 
1957 0.71 41 
1958 0.71 41 
1959 1.93 120 
1960 0.60 99 
1961 0.61 109 
1962 0.66 100 
1963 0.85 103 
1964 0.76 170 
1965 0.48 28 1 
1966 0.51 212 
1967 0.51 212 
1968 0.45 21 1 
1969 0.46 22 3 
1970 0.47 259 
1971 0.16 290 
1972 0.08 222 
1973 0.07 206 
1974 0.13 207 
1975 0.21 209 
1976 0.20 20 7 
1977 0.13 206 
1978 0.07 205 
1979 0.13 206 
1980 0.28 218 
1981 0.20 20 7 
1982 0.20 20 7 
1983 0.20 208 
1984 0.25 329 
1985 0.18 210 
1986 0.19 21 1 
1987C 

TOTAL 
0.14 

13.87 
116 

6,296 

a R a t i o  o f  Ci/Kg v a r i e s  due t o  d i f f e r e n t  i s o t o p i c  enrichments. 

c Data  f o r  1987 obta ined  by actual  measurements made dur ing 1987. 
Data  f o r  1948 t o  1952 not  a v a i l a b l e .  
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C Y  1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 

FY 1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

T o t a l c  

22.30 
4.70 

0 
0.10 
0.30 
0.10 
0.06 
0.002 
0.651 
0.71 
0.62 
2.26 
5.65 
5.85 
5.15 
4.55 
2 .oo 
0.86 
0.82 
4.42 
5.91 
5.34 
10.20 
11.75 
2.80 
5.88 
2.37 
2.03 
0.74 
1.04 
1.09 
0.91 
0.50 
0.27 
0.24 
0.10 
0.45 
0.56 
0.14 
1.20 
0.72 
0.67 
0.57 

116.58 

- 
33,000 
7,000 

0 
155 
454 
144 
98 
3 

953 
1,118 
1,058 
4,987 
8,448 
10,019 
10,410 
10,067 
3,064 
1,333 
1,248 
6,605 
8,852 
7,985 
15,217 
17,525 
4,189 
8,775 
3,546 
3,042 
1,119 
1,561 
1,638 
1,368 
7 55 
4 10 
366 
158 
687 
846 
222 

1,799 
783 
652 
715 

182,374 

- 

0.001 
0.003 
0.005 
0.005 
0.008 
0.367 
0.031 
0.101 
0 
0.002 
0.001 

- b  - - - - - - - - 
n.007 

n.ni9 

0.021 
0.020 

0.013 
0.010 
0.009 
0,009 
0.006 
0.005 
0 .o 10 
0.017 
0.007 
0.003 

0.680 

11 
26 
44 
49 
70 

3363 
283 
92 7 
0 
20 
7 

- b  - - - - - - - - 
65 
195 
20 3 
176 
120 
93 
80 
85 
52 
49 
90 
153 
64 
27 

6,253 

- 

Table 7 

Y-12 Plant  

Estimated L i q u i d  Releases o f  R a d i o a c t i v i t y  

Urani  urn Uranium ZI Thori urn Thor i  urn 
Year ( C i )  (kg) (C i )  (kg) 

i 

-~ 

a R a t i o  o f  Ci/Kg var ies  due t o  d i f f e r e n t  i s o t o p i c  enrichment. 

b Thorium data  unava i lab le  f o r  1965 t o  1973. 

CiB C A l l  d i g i t s  c a r r i e d  through t o  avo id  rounding e r ro r .  Only f i r s t  two a r e  



. 
Table 8 

Y-12 P l a n t  

Estimated Quant l t ies  of Radionuclides Contained In Solid Waste Burled Onsite 

Uran I urn Uran i urn a Thor I urn Neptun I urn b Technet I urn b 
Year ( C I  (kg) ( C I  1 ( C i  1 ( C i  1 

CY 1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 

FY 1952 
1953 
I954 
I955 
19% 
I957 
1950 
1959 
1960 
1961 
1962 
1963 
1964 
I965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
I973 
1974 
1975 
1976 
I977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Total 

(2.09) (33) = 
(16.14) 
(13.23) 

0.93 
4.46 
1.22 
0.74 
0.76 
3.05 

(1.30) 
1.53 
9.04 
9.92 

420.78 
(42.32) 
116.63 
213.36 
558.89 

85.71 
11 1.81 
243.43 
135.73 
48 1.43 

99.90 
141.31 
237.19 
199.87 
370.75 
276.65 
22 1.87 
196.74 
168.27 
(15.10) 
368.65 

51.04 
198.94 
267.33 
439.44 
295. 1 1 
342.5 1 
266.29 
214.25 
92.20 

358.8od 

(255 1 
( 209 
(371) 
203 

( 1 % )  
2 56 
662 

1,466 
( 624 ) 

2,293 
21,806 
22,957 
38,253 
(3,763) 
21,931 

206 , 768 
1 , 491 , 895 

199,744 
325,843 
676,988 
37S.841 

1,297,260 
979 , 909 
237 , 837 
390,073 
645,940 
556,242 
988,349 
76 1,729 
614,406 
540,689 
457,290 
(34,562) 
843,276 

12,324 
529,517 
703,601 

1,169,765 
809,790 
943,387 
730,298 
458,840 
263 070 * 

0.0001 
0 
0 

0.0001 
0 

0.0002 
0 

0.0005 
0.0004 
0.001 
0.0007 
0.001 
0.062 
0.017 
0. 103 
0.342 
0.560 
1.562 
2.076 
0.607 
0.645 
0.152 
0.173 
1.050 
0.953 
1.052 
0.822 
0.012 
0.434 
0.388' 
0. I94 
0.014 
0.0% 
0.0% 
0.023 
0.023 
7.001 
0.01 1 

0 
0 

0.1% 
TE7m 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.0s 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.09 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.09 
7 7 5  

0.07 
0.2 1 
0.29 
0.29 
1 .so 
1.50 
1.50 
1 .so 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1 .so 
1 .so 
1.50 
1 .so 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
3.29 
3.29 
3.29 
3.29 
3.29 
3.29 
1.50 
1.50 
1.50 
1 .so 
1.50 m 

. .  
Rat lo  of Ci/Kg var ies duo t o  d l f f e r e n t  IsotoDic enrichment. 

1983 as solution, but were recorded as bur ia l .  

A i l  d i g i t s  carr ied through to avoid roundlna errors. Only f i r s t  tUo digits are 
s I QI I f I cant. 

values fo r  1967 and 1968 Include uranlurn-233 In salvage material resu l t l ng  from 
research and development work In f a b r l c a t i m  o f  U-233 Parts. 

b Olscharges of neptunium and technetium were discarded t o  me S-3 Ponds through 

e The quantity shoun for 1976 d w s  not Include 276 kq morlurn placed In the Y-12 
bur ia l  ground at the request o f  m e  Sta te  ot Tennessee as a resu l t  o f  cleanup o f  
Nuclear Chemicals and Metals C a p a a t l o n  at quntsvll le,  Tennessee. 

49 



Table 9 

Y-12 P lan t  

Summary o f  uranium d iscards  t o  b u r i a l  grounda 

Record of u ran i  um bur ied  
Overestimate o f  uranium mass 

due t o  water weightb 

Tota l  uranium 
Uranium t ranspor ted  t o  

X-10 s i t e  

To ta l  u ran i  um bu r ied  

19,311,853 kgd 

- 1,499,155 k l  

17,812,698 k g  

- 522,175 kgC 
17,290,523 o r  
rounded t o  

17,000,000 k g  
( 37,000,000 1 b s )  

a P r i o r  t o  1972, l i q u i d  ma te r ia l  con ta in ing  uranium t h a t  
was t r a n s f e r r e d  f r o m  operat ion,  o f f s i t e ,  etc., t o  t he  
S-3 Ponds was inc luded i n  a c c o u n t a b i l i t y  records and 
considered as s o l i d  uranium i n  t h e  b u r i a l  ground. 

bRefer t o  Sect ion 2.2.3 o f  t h e  t e x t .  

cBy U.S. Nuclear Regulatory Commission (I.(RC)/DOE t r a n s f e r  
documents . 

d A l l  d i g i t s  c a r r i e d  through t o  avo id  rounding er ro rs .  Only f i r s t  two 
a re  s i  gni  f i cant . 



Table 10 

Y-12 Plant  

Estimated Q u a n t i t i e s  o f  Radionucl ides Other Than llranium 
Disposed Onsitea 

A c c o u n t a b i l i t y  D i  sposal 
R eport  ab1 e 
Amount ( C i )  Grounds ( C i )  

Bur i  a1 

Cesium-137 

Cobal t-57/60 

Neptunium-237 

N i  ob i  um-95 

P1 u ton i  um-238/239 

Rutheni um-106 

Technet i um-99 

Thorium-228 

Z i  rconi  um-95 

1.45 

320 

0.053 

654 

0.87 

0.0 56 

1.77 

13.7 

350 

Cer ta in  t ransu ran ics  and f i s s i o n  products were known t o  
be present i n  l i q u i d  waste streams discarded t o  t h e  S-3 
Ponds from enr iched u ran i  um processing s ince 1953. 
Q u a n t i t a t i v e  records were maintained f o r  s e c u r i t y  
accountabi . l i ty  purposes. The annual amounts which went 
t o  t h e  ponds were always below t h e  threshold f o r  repo r t i ng  
under a c c o u n t a b i l i t y  prov is ions.  This t a b l e  shows these 
th resho ld  l eve l s .  

Consists o f  600 g disposed t o  Y-12 b u r i a l  ground f r o m  t h e  
K-25 s i t e .  



Y e a r  - 
1946 
1947 
1948 
I949 
19% 

1951 
1952 
1953 
1954 
1955 

19% 
1957 
1958 
1959 
1960 

1 3 6 1  
1962 
1963 
1964 
1965 

1966 
1967 
1968 
1969 
1970 

1971 
1972 
1973 
1974 
I975 

1976 
I977 
1978 
1979 
1980 

1981 
1982 
1983 
I984 
1985 

1986 
1987 

TOTAL 

Table 1 1  

Oak Ridge Gaseous Olftuslon P lan t  (c#?a)P) 

E s t  I mated A t n P S D h W  IC Rol  SO¶ of Rad 1 W C t  1 v I t y  

Uran I um (C I 1' 

0.01 
(0.01 
(0.0 1 
(0.01 
0.10 

0.02 
0.23 
I .60 
0.26 
0.26 

-0.81 
0.15 
1 .eo 
1.10 
1.50 

3. IO 
0.24 
3. IO 
0.0 1 
0.14 

(0.01 
(0.01 
(0.01 
(0.01 
(0.01 

0.02 
0.03 
0.13 
0;44 
0.27 

0.05 
0.03 
0.02 
0.04 
0.03 

0.01 
(0.0 1 
(0.0 1 
(0.01 
(0.0 1 

Uranium ( k q )  Technetium ( C 1 )  Krypton-BSb ( C l )  

1 
tl 

5 
45 

156 

146 
345 

68 
a4 

225 
w)6 

2,71 l C  
53 1 
977 

773 
29 

1,005c 
7 

269 

1 ,.w 

16 
2 

tl 
9 
a 

21 
49 

144 
622 0.27 
37 1 0.30 

45  6.790 

19 0.29 
25 1 .w 
21 0.88 

17 O.OOf 

5 0.04 
2 0.03 
2 0.02 
I 0.02 
I (0.01 

6.5 
18.5 
41.5 
15.0 
25.0 

4.01 <I  (0.01 
( 1  (0.01 

10.00 15.64' 10,519 

- - - - 
106.5 9 9 

a Tho r a t i o  of C I B g  varlos duo to d l f t a o n t  Isotopic onrlchmntr. 

Thao  ~ l r r l o n s  -0 duo to an a D r l m n t  tcr CRNL. 
woro mo t o t a l  t lmo at that  aporimont.  

A mJor partIan d tho q u m t l t i a  reported In 1953, 19#, a d  1963 ro ru I t .6  t r a  
aceldontal roloara dm t o  valve and f a l l u ros  In tho K-402-1, K-113, a d  
K-1420 food and procorslng f a c l l l t l n .  

Decl ln lng produe+lon Iovois was a tactcr which reduced amlsslons In me 1966-70 
tlmo oorlod. 

Tho f l v o  yoerr rrgros.nt.6 

e This elovsted value m y  b due to  Incrsss.6 ourglng o f  ?ho cascado assocIat.6 w i t h  

' This  y a r  tho wrgo cascade locatlon was aanged frm the K-25 Bulld1n.g to the 

tho b g l n n l n g  of a largo oaulpmmt chango at frogran that b g s n  In 1976 

K-29 Bu Idlng. Data fa both I o a t l o n s  were added; horwor,  me to ta l  m n t  was 
2 x 1o-b curios/yr.  

Thls to ta l  Includes me actual s t a t e d  v a l u e  to r  any quanti ty rh lch  was fepOrtOd as 
a less than (0 MIUO. 

. 



Year 

1946 
I947 
1948 
1949 
1950 

1951 
1952 
1953 
19% 
I955 

19% 
1957 
19% 
1959 
1960 

1961 
I962 
1963 
1964 
1965 

1 966 
1967 
I968 
1969 
1970 

1971 
1972 
1973 
1974 
1975 

1976 
I977 
1978 
1979 
1980 

1981 
I982 
1983 
1904 
1985 

1986 
1987 

TOTAL 

- 
<o.o 1 

<0.03 
(0.01 

- 
- 

0.05 
eo.0 1 
0. IO 
0.23 
0.05 

0.24 
0.18 

eo.01 
<0.01 
<o.o 1 

0.02 
0.01 
%lob 
1. IO 
0.01 

xo.0 1 
eo.01 
0.26 
0.04 
0.86 

0.44 
0.40 
0.44 

1.70 

0.54 
0.42 
0.63 
0.47 
0.09 

0.18 
0.09 
0.18 
0.20 
0.07 

0.4 

0.04 
0.12 - 

14.77f 

Tablo 12 

Oak Rldgo Garoour Olf fuslon Plant 

E s t l r r s t d  L lqu ld  RoIoasn of Radluact lv l ty 

Uranlum (kq) 

80 
4 

26 
84 
16 

90 
40 
<1 

5 
< l  

2 
2 

1,576c 
1, 826c 

33 

21 
12 
JM 

88 

76 
1,601 

570 
508 
564 

3, I8W 

2,201 306c 
688 
53 7 
803 

60 I 
1 I4 
253 
24 0 

80 

37 
116 - 

16,700' 

Tachnot lum (C I ) Moptun I urn (C I ) 

3.5 
9.0 

24. I d  
5.8 
4.0 . 
7.3 
5. I 

3.5 

17.0. 
IO. I. 
0. 03 

0.02 
0.07 

1.7 

- 
91 .3 

0.00 I5 
0.0014 

0.0021 
0.0019 
0.0004 

0.0073 
~ 

-0 Ind1cat.r data not rvallablo. 

Tho r a t l o  a) CI/Kg w l o r  d u  to d l f f w o n t  IsotoOIc mrld,aonts. 

Enrlchod m t u l a l  . 
A major p a t t o n  at tho o u m t l t l o s  rog0Ct.d In  1963, 1964, tW9, 1972, a d  1977 hsvo 
from dlrchargm to e pond troll tho docontadnatlon teclllty. 

T h l s  oIovat.d MIUO m y  b duo to I n v . s r o d  Oeumtadnatlon . ) f a t s  asroc1at.d wlth  tho 
beglnnlng of a largo oqu1p-t chsngo out progem. 

I n  1983 and 1904, m u .  w a s  a goat a n t  of doeontanlnetlon r a k  b l n g  dono QI 
oqulpamt from an aroa of mo caseado m e t  I s  highly contam1nat.d wlth t u h n o t i u d 9 .  

A lso In  1983, thoro a c u r r o d  a largor man normal tuhnotIua-99 ro1oasa from mo 
decontamlnatlon t a c l l l t y .  Tho causa of m l s  roloaso was novor b t u m l n d .  

Thls  total Includos M o  actual statod veluo tor any quer.tIty rhlch was r o p a t . d  as a 
less than (0 MIUO. 

5 3  



Table 13 

O R G D P  

Estimated Ouan t i t i es  of Uranium Contained i n  S o l i d  Waste Bur ied Onsi te  

Year 

1958 
1963 
1964 
1965 

1966 
1968 
1969 
1970 

1971 
1972 
1973 
1974 
1975 

1976 
1977 
1978 
1979 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

TOTAL 

Uranium ( C i )  

1.20 
5.50 
1.10 

co.01 

0.99 
0.37 
1.80 
0.87 

0.08 
1.21 
1.80 
0.55 
0.59 

0.95 
2.50 
0.85 
1.20 

1.20 
0.83 
0.43 
0.18 
0.04 
0.02 
0.07 

CO.01 

24.3 5 

- 

Uranium I k a l  a 

1,790 
1,700 
1,990 

< 10 

1,930 
-600 

4,780 
1,210 

130 
3,600 b 
2,460 

710 
760 

1,340 
3,180 
1,090 
1,560 

1,860 
1,060 

550 
290 
150 
60 

< 10 
< 1 

32,821 

Note: a The r a t i o  o f  C i / kg  va r ies  due t o  d i f f e r e n t  i s o t o p i c  enrichments. 

This q u a n t i t y  was repor ted  i n  " O R G D P  Uranium Discharges" K/HS-69, 
May 1985, Pg. 9,  Table 3 as 27,500 kg. 
23,900 kgs of t h e  27,500 kgs l i s t e d  as bur ied  was ins tead  being 
u t i l i z e d  i n  check weight c l i n d e r s  i n  t o l l  enrichment. The 

f o r  1972. 

It was determined t h a t  

present number o f  3.6 x 10 3 kg i s  t he  cor rec ted  b u r i a l  amount 



4' 

Table 14 

Paducah Gaseous D i f f u s i o n  P1 ant  

c 

Estimated Atmospheric Re1 eases o f  Radi oact i v i  t y  

Urani urn a 
- Year 0 

Urani urn 
0 

30 
600 

4,800 

Technet i urn 
( C i )  

1952 
1953 
1954 

0.02 
0.25 
2.4 

- 
1 
1 

1955 
1956 
1957 
1958 
1959 

4.2 
5.2 
2.4 
2.2 
2.1 

8,400 
10,500 
3,900 
3,600 
3,300 

2.6 
2.6 
4.8 
6.3 
5.1 

1960 
1961 
1962 
1963 
1964 

2.0 
2.4 
1.3 
1.3 
0.6 

3,000 
3,600 
2,400 
2,400 
900 

4.1 
4.3 
4.1 
4.4 
5.3 

1965 
1966 
1967 
1968 
1969 

0.02 
0.02 
0.02 
0.3 
1.0 

0 
30 
0 

600 
1,800 

4.4 
0.1 
0.1 
0.1 
0.1 

1970 
1971 
1972 
1973 
1974 

0.5 
0.7 
0.7 
0.8 
0.6 

900 
1,200 
1,200 
1,400 
1,100 

3.2 
3.0 
0.1 
3.4 
6.0 

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

0.70 
0.90 
0.40 
0.04 
0.02 

<o . 01 
0.05 
0.13 

<0.01 
(0.01 
(0.01 
<O.Ol 
<om01 - 

0.1 
0.1 
0.1 
0.06 
0.05 
0.05 
0.01 
0.01 
0.01 
0.03 
0.02 
(0.01 
(0.01 - 

1,100 
1,500 
610 
96 
48 
22 
140 
300 
6 
3 
4 

<1 
<1 

TOTAL 33.26 59,451 66.25 ' 

a The r a t i o  of cur ie /kg  var ies  due t o  d i f f e r e n t  iso top ic  enrichment. 

A l l  d i g i t s  carred through t o  avoid rounding errors .  
s i g n i f i c a n t .  

Only first two are  

55 



Table  15 

Paducah Gaseous D i f f u s i o n  P l a n t  Est imated  L i q u i d  Releases o f  R a d i o a c t i v i t y  

Year 

1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Urani  urn 
( C i )  

0.02 
0.08 
0.02 
0.08 
0.02 
0.5 
0.5 
0.5 

1.1 
0.35 
1.0 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.6 

0.6 
0.6 
1.6 
0.5 
0.06 
0.1 
0.2 
1.3 
1.0 
0.5 

0.3 
0.2 
0.1 
0.12 
0.06 
0.04 
0.05 
0.01 - 

TOTAL b 5.11 

Urani urn 
0 

30 
120 

30 
120 
30 

900 
900 
900 

1,800 
600 

1,800 
900 
900 
900 
900 
900 
900 

1,200 

1,200 
1,200 
3,200 
1,100 

100 
180 
440 

2,400 
1,900 

910 

590 
300 
170 
220 
148 
75 
66 
21 

28,050 

Technet i urn 
( C i )  

- 
. 46 

440 
440 
440 
310 
310 
310 

77 
77 
77 
61 
76 
76 
76 
77 
77 
77 

31 
15 
8 
8 
7 
6.4 

16 
10 
9.2 
7.5 

8.0 
2.8 
0.7 
0.7 
0.7 
0.4 

<o. 1 
0.7 

3,178.7 

Neptuni urn 
( C i  ) 

0 . 040 
0.110 
0.280 
0.280 
0.280 
0.210 
0.070 

0.070 
0.070 
0.050 
0.110 
0.070 
0.050 
0.050 
0.110 
0.140 
0.050 

0 
0 
0 
0 
0 
0 
0 
0 

0.010 
0 . 020 

0 
0 
0 
0 
0 
0 
0 
0 

2.070 

- 

- 

P1 u t o n i  urn 
( C i )  

0.370 
1. 200 
1 . 500 
1.500 
1 . 500 
1 . 300 
0.680 

0.680 
0 . 680 
0.680 
0.800 
0.430 
0.130 
0.130 
0.130 
0.180 
0.180 

0.130 
0.060 

0 
0 
0 
0 
0 
0 

0 . 020 
0 

0 
0 
0 
0 
0 
0 
0 
0 

12.28 

a R a t i o n  of C i / k g  v a r i e s  due t o  d i f f e r e n t  i s o t o p i c  enrichments. 

A l l  d i g i t s  c a r r i e d  through t o  a v o i d  rounding e r r o r s .  
s i  gni f i c a n t  . Only f i r s t  two a r e  



. 
Table 16 

Paducah Gaseous D i f fus ion  P lan t  

6' 

Estimated Q u a n t i t i e s  o f  Radioact ive Mater ia l  Contained i n  S o l i d  Waste 
Bur ied Onsi t e  

Urani urn Techneti um Neptuni um P1 u ton i  um 
(Ci 1 Year ( C i )  (kg) a ( C i )  ( C i )  - 

1953 8 
1954 34 
1955 1.2 2.90 34 
1956 50 
1957 50 
1958 50 
1959 50 

1960 
1961 
1962 
1963 
1964 
1965 700 
1966 
1967 
1968 
1969 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 

65 
84 
32 

130 
39 

140 
62 
60 

1980 3 
1981 1 
1982 4 
1983 3 
1984 5 
1985 3 
1986 4 

0 1987 

TOTALC 1,327 

- 

17 
17 
17 
17 
17 

1700 14 
8 
8 
9 
9 

160 
210 

80 
310 
96 

340 
150 
150 

8 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
2 
2 
2 

9.7 2 
3.4 2 

11 21 
7.2 2 

3 
6.0 0.1 

0.04 
0 0 

3,320.0 463.0 

0.040 0.060 
0.070 0.310 
0.070 0.310 
0.070 0.310 
0.070 0.310 
0.070 0.310 
0.040 0.130 

0.040 
0.040 
0.050 
0.070 
0.070 
0.040 
0.040 
0.040 
0.040 
0.050 

0.050 
0.050 
0 . 050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.050 
0.070 
0.100 
0.080 
0.089 
0.080 
0.012 

0 

1.891 

0.130 
0.130 
0.130 
0.130 
0.060 
0.020 
0.020 
0.020 
0.030 
0.030 

0.020 
0 

0.010 
0 

0.005 
0.005 
0.005 

0 
0 
0 

0 
0 
0 

0.010 
0.009 
0.008 
0.001 

0 

2.513 

a Rat ion ,o f  C i /kg  va r ies  due t o  d i f f e r e n t  i s o t o p i c  enrichment. 

I nd i v idua l  year  data unava i lab le  f o r  1955-1971. 
cumulat ive f o r  t h e  i d e n t i f i e d  per iods o f  time. 

The values presented a r e  

c A l l  d i g i t s  c a r r i e d  through t o  avoid rounding er ro rs .  Only f i r s t  two a r e  
s i  gni f i c a n t  . 



Year 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

- 

Table  17 

Portsmouth Gaseous D i f f u s i o n  P lant  

Estimated Airborne Releases o f  Radionuclides 

Urani  urn 
( C i )  

0.547 
0.236 
0 . 022 
0.182 
0.452 
0.173 
0.347 
0.113 
0.016 
0.018 
0.042 
0 . 033 
0.020 
0.018 
0.199 
0.032 
0.046 
0 . 007 
0.051 
0 . 023 
0.162 
0.107 
0.300 
3.032 
0.089 
0.225 
0.091 
0.322 
0.973 
0.015 
0 . 028 
0.042 
0.045 - 

T O T A L S ~  8.008 

Urani urn a 
0 
1611.1 
700.4 
49.1 
52.8 

737.6 
299.3 
567.1 
167.9 

0.9 
0.9 

15.8 
3.5 
3.8 
7.6 

461.5 
15.7 
38.5 

7.7 
14.0 
33.6 
16.5 

' 94.6 
5426.2 

10.3 
8.0 
6.2 

23.9 
61.8 

3.2 
6.0 

42.9 
1.8 

10,510.1 

8.3 

Urani urn 
Daughters 

(C i  1 

0.0007 
0.0003 
0.0038 
0.0019 
0.0 
0.0 
0.0011 
0.0002 
0.0 
1.E-06 
0.0917 
0.0856 
0.1248 
0.0807 
0.1192 
0.0862 
0.0249 
0.0246 
0.0154 
0.0282 
0.0022 

0.6915 

Technet i urn 
( C i )  

3.E-5 
4.500 
0.823 
0.170 
0.210 
0.108 

0.561 
0.127 
0.123 
0.122 
0.169 

18.013 

11.1 

a R a t i o  o f  Ci /kg  v a r i e s  due t o  d i f f e r e n t  i s o t o p i c  enrichment. 

All d i g i t s  c a r r i e d  through t o  avo id  rounding er rors .  
s i  gni  f i cant .  

Only f i r s t  two a r e  



Year 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

- 
Urani  urn 

( C i  1 

0.021 
0.139 
0.144 
0.349 
0.574 
0.154 
0.056 
0.166 
0.101 
0.064 
0.705 
0.104 
0.076 
0.209 
0.134 
0.206 
0.245 
0.034 
0.159 
0.303 
1.099 
0.967 
1.803 
2.180 
0.672 
0.7 13 
0.370 
0.588 
0.442 
0.442 
0.193 
0.233 
0.483 

TOTALSb 14.130 

Table  18 

Portsmouth Gaseous Difussion P1 ant 
Estimated L i q u i d  Radionuclide Releases 

Uranium a 
0 

9.5 
86.2 
148.1 
350.2 
351.4 
94.5 
55.2 
103.1 
92.1 
64.7 
111.8 
54.1 
76.1 
583.7 
82.4 
119.1 
164.0 
73.2 
96.9 
137.9 
350.7 
425.5 
658.1 

1,802.3 
360.8 
544.3 
173.6 
150.1 
130.7 
80.9 
62.6 
74.6 
156 .O 

7,824.4 

Urani urn 
Daughters 

( C i  1 
0.014 
0.121 
0.682 
1.223 
1.423 
0.233, 
0.204 
0.667 
0.404 
0.098 
0.897 
0.109 
0.426 
0.605 
0.562 
0.877 
0.382 
0.376 
1.212 
4.308 
3.065 
3.703 
2.839 
2.978 
0.488 
0.561 
0.345 
0.253 
0.229 
0.370 
0.352 
0.047 
0.247 

30.299 

Technet i urn 
( C i  1 

77.1 
15.4 
31 .O 
17.7 
2.8 
7.7 
24.7 
11.9 
3.0 
9.3 
8.5 
2.5 
1.2 

212.8 

a R a t i o  o f  C i /kg  v a r i e s  t o  t o  d i f f e r e n t  i s o t o p i c  enrichments. 

b A l l  d i g i t s  c a r r i e d  through t o  avoid  rounding errors .  Only first two a r e  
s i g n i f i c a n t  . 



TABLE 19 

Portsmouth Gaseous D i f f u s i o n  P lan t  

Year a 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1976c 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1 984d 
1985 
1986 
1987 

- 

Estimated Q u a n t i t y  o f  Radioact ive Ma te r ia l  Contained 
i n  S o l i d  Waste Bur ied Ons i te  

Uranium 
(C i  1 

0.0 
0.0 
0.0 
0.2617 
0.0 
0.0225 
0.0073 
0.1068 
0.1089 
0.0401 
0.1832 
0.0706 
0.0473 
0.0109 
0.0190 
0.0293 
0.1231 
0.1125 
0.0097 
0.0512 
0.0477 
0.1460 
0.0 
0.0 
0.5566 
0.4143 
0.0698 
0.0599 
0.0 
0.1985 
0.7 105 
0.0543 
0.0 
0.0023 

Uranium b 
( k g )  

0.0 
0.0 
0.0 

771 .n 
0.0 

46.7 
9.7 

178.2 
251.4 

96.9 
125.7 
102.4 
118.4 
20 .o 

3.6 
57.9 

265.3 
136.8 

2.2 
152.5 

42.7 
137.4 

0.0 
0.0 

1158.4 
743.0 
171.6 

36.2 

242.5 
249.3 

19.5 

0.0 

n.0 
n - J  

To ta l  e 3.463 5,139.9 

a F isca l  years i ns tead  o f  calendar years. 

R a t i o  o f  C i / kg  va r ies  due t o  d i f f e r e n t  i s o t o p i c  enrichments. 

T r a n s i t i o n  f rom July- to-June f i s c a l  year t o  October-to-September f i s c a l  y e a r  

Includes l a r g e  adjustment f o r  ma te r ia l  spread on o i l  b iodegradat ion p l o t  
between 1974 and 1983. 

e A l l  d i g i t s  c a r r i e d  through t o  avoid rounding e r ro rs .  Only f i r s t  two a r e  
s i g n i f i c a n t .  
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TARLE 20 

R M I  COMPANY 
E XTRUS I O N  PLANT 

ESTIMATED URANIUM RELEASES a TO ENVIRONMENT - L I Q U I D  AND AIRBORNE 

YEAR - 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

T o t a l  Re1 ease 

A I RBOR NE 
RELEASE (Kg.) 

13.9 
70.7 
69.1 
14.3 
44.8 
85.7 
55.2 
36.9 
55.3 
26.4 
27.4 
40.6 
35.2 
22.2 
39.6 
50.8 
30.8 
25.0 
31.0 
13.8 
26.6 
23.0 
12.7 
13.1 
21.4 
0.7 

886.2 

- 

L I Q U I D  
RELEASE (Kg .) 

79.9 
59.1 

159.2 
46.8 

6.0 
12.5 
22.3 
63.0 
92 .O 

193.9 
77.7 

167.3 
128.3 
117.2 

79.9 
135.2 
201.3 
227 .O 
168.8 
199.6 
208 . 0 
274.1 
262.5 
126.7 
119.8 
42.9 

3,271.0 

TOTAL 
RELEASE (Kg.) 

93.8 
129.8 
228.3 

61.1 
50.8 
98.2 
77.5 
99.9 

147.3 
220.3 
105.1 
207.9 
163.5 
139.4 
119.5 

232.1 
252.0 
199.8 
213.4 
234.6 
297.1 
275.2 
139.8 
141.2 
43.6 

4,156.5 

i86.n 

a A l l  d i g i t s  c a r r i e d  through t o  avoid rounding e r r o r s .  
s i gni  f i  cant  . O n l y  f irst two a re  



Table 2 1  

FEED MATERIALS PRODUCTION CENTER (FMPC) 

Estimated Atmospheric Releases a of Radionucl ides b 

U r i  um (Micocur ies)  
(kg)  ( C i )  Th-232 Ra-228 Th-228 Th-230 Ra-226 Year 

1951 
1952 
1953 
1954 
1955 
1956 
1957 

1958 
1959 
1960 
1961 
1962 

1963 
1964 
1965 
1966 
1967 

1968 
1969 
1970 
1971 
1972 

1973 
1974 
1975 
1976 
1977 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 

- 
123.0 
499.0 

2,077.8 
15,119.2 
32,976.2 
13,595.4 
8,045.2 

5,513.4 
5,127.4 
4,872.8 
3,516.4 
4,568.0 

6,036.4 
5,235.4 
7,044.8 
3,045.5 
2,924.7 

4,655.2 
3,898.1 
1,487.8 

772.0 
614.4 

496.0 
234.8 
318.0 
169.1 
191 e9 

222.0 
154.7 
266 . 5 

279.8 
181.2 
377.5 
75.0 
29.0 

587.2 

0.008 
0.33 
1.87 
9.98 

21.76 
8.99 
5.31 

3.64 
3.38 
3.22 
2.32 
3.02 

3.98 
3.47 
4.65 
2.01 
1.93 

3.07 
2.57 
0.98 
0.51 
0.41 

0.33 
0.16 
0.21 
0.11 
0.13 

0.15 
0.10 
0.18 
0.39 
0.18 
0.22 
0.25 
0.05 
0.02 

0.16 
1.9 
1.9 

128.0 
549.0 

123.0 
67.0 

119.0 
2.0 
2.0 

0 
0 
0.38 
1.6 
0.80 

0.28 
0.25 
1.4 
0.78 
12 

5.6 
0.45 
0.28 
0.28 
0 0.1 9 

0.90 
10.8 
10.8 
8.2 

35.3 

7.9 
4.3 
7.7 
2.4 
2.4 

0 
0 
0.46 
1.9 
0.96 

0.34 
0.30 
1.7 
0.94 

14.8 

6.7 
0.54 
0.33 
0.33 
0.22 

1987 35.4 0.02 

TOTAL 135,387.2 89.35 1,018.25 120.00 

22 
26 5 
265 
570 

2,450 

550 
298 
532 
168 
168 

0 
0 

32 
135 
67 

24 
20 

117 
65 

1,025 

46 5 
38 
23 
23 
16 

5.5 103 

2.7 x 104 
1.1 105 

2.6 104 
1.4 x 104 
2.5 x 104 
7.8 103 
7.8 103 

1.5 103 
6.3 103 
3.1 103 

1.1 103 

5.5 x 103 
3.0 103 
4.8 104 

2.2 x 104 
1.8 x 103 
1.1 103 
1.1 103 

6.6 x 104 
6.6 x lo4 

0 
0 

9.6 x 102 

7.2 x 102 

4.2 x 103 
5.0 x 104 
5.0 x 104 

228 
980 

220 
119 
213 
67 
67 

0 
0 

13 
54 
27 

9.5 
8.2 

47 
26 

410 

186 
15 
9.2 
9.2 
6.2 

7,338 5.02 105 1.07 x lo5 

a A l l  d i g i t s  c a r r i e d  through t o  avoid rounding er ro rs .  
s i  gni f i cant. 
Data through 1984 were presented i n  d d i f f e r e n t  format i n  "H is to ry  of FMPC 
Radi onucl i de D i  scharges ( FMPC 2082) " i n May 1987. 

Only f i r s t  two are  
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Table 23 

Feed Mater ia ls Production Center 

Estimated Quant i ty  a of Uranium in  Waste a t e r  
Discharged t o  the Great Mlaml R i v e r  1 

Uran I um 

Fiscal Year (kg) (Ci )d 

1952 
1953 
1954 
I955 
19% 
1957 
I958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
I97 1 
1972 
1973 
1974 
1975 
1976 
1976A 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

TOTAL 

- 1 1  
106 
347 
6 57 

1,485 
2,595 
3,712 
6,488 
4,445 
5,486 
3,543 
4,566 

10,504 
3.730 
3,740 
2,305 
1,855 
2,290 
1,914 
1,637 
1 ,  I40 
1,126 
I ,066 
1,852 

87 5 
179 
96 5 
880 

1,175 
68 5 
576 
755 
564 

1,054 
6 26 
47 3 
794 

76,20 I 

0.0 1 
0.07 
0.23 
0.43 
0.98 
1.71 
2.45 
4.28 

3.62 
. 2.93 

2.34 
3.01 
6.93 
2.42 
2-47 
1 052 
I .22 
1.51 
I .26 
1.08 
0.75 
0.74 
0.7 1 
1.22 
0.58 
0.12 
0.64 
0.58 

0.45 
0.78 

0.38 
0.50 
0.37 

0.4 I 

0.52 

49.96 

0.70 

0.3 1 - 

A l l  d i g i t s  carrid through t o  avold rounding errors. Only f i r s t  two are 
s lgnl f icant.  

Data through 1984 wore presented In  a d l f f e r e n t  forlaat i n  "History of FWC 
Radlonuci Ide Dlschsrges (FWG2082)" In May 1987. 

1952 through 1976, t he  f i s c a l  year I s  from ~ u l y  1 through June 31 o f  the 
next year. 1976A is a three month t rans i t i on  period, July  1, 1975 through 
September 30, 1976. From 1977 t o  the present time, me f i s c a l  year  is from 
October I through September 30 o f  the next year. 

Based on the  mass equivalent f o r  natural uranium (U-238 = 99.31, 
U-235 - 0.71, U-234 a 0.005l) 
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Def i ni t i  ons 



APPENDIX 6 

D E F I N I T I O N S  

A c t i v i t y :  
(See Curie.) 

The number o f  nuc lea r  t rans format ions  o c c u r r i n g  per  u n i t  time. 

Alpha P a r t i c l e :  
a mass and charge equal i n  magnitude of he l ium nucleus; i.e., two protons and 
two neutrons. 

A charged p a r t i c l e  em i t ted  f r o m  t h e  nucleus o f  an atom having 

Atom: 
chemi c a l  r e a c t i  on. 

Smallest p a r t i c l e  o f  an element which i s  capable o f  e n t e r i n g  i n t o  a 

Atomic Mass: 
un i t s . "  The "atomic mass u n i t :  i s - o n  t w e l f t h  the  mass o f  one atom o f  
carbon-12; equ iva len t  t o  1.6604' x 1rzi gm. 

The mass o f  an atom u s u a l l y  expressed i n  terms of "atomic mass 

(Symbol : u). 

Atomic Number: 
nuc l i de .  (Symbol: Z.) 

The number o f  p ro tons  i n  t h e  nucleus of a n e u t r a l  atom o f  a 

Background Radi a t i  on: (See Rad1 a t  i on . ) 
Beta P a r t i c l e :  
mass and charge equal i n  magnitude t o  t h a t  of t h e  e lec t ron .  

Charged p a r t i c l e  em i t ted  from t h e  nucleus of an atom, w i t h  a 

Compound: A d i s t i n c t  substance formed by a union o f  two o r  more elements. 

Contamination, Radioact ive:  Depos i t i on  of r a d i o a c t i v e  m a t e r i a l  i n  any place 
where i t  i s  not  desired, p a r t i c u l a r l y  where i t s  presence may be harmful .  

Cosmic Rays: 
o r i g i n a t e  ou ts ide  t h e  e a r t h ' s  atmosphere. 

High-energy p a r t i c u l a t e  and electronrnagnetic r a d i a t i o n s  which 

Cur ie:  The spec ia l  u n i t  of a c t i v i t y .  One c u r i e  equals 37  b i l l i o n  nuclear 
d i s i n t e g r a t i o n s  per second. (Abbrev ia ted  C i  .) Several f r a c t i o n s  o f  t h e  c u r i e  
a r e  i n  t h e  common usage. 

Mic rocur ie :  
second) . Abbreviated u C i  . 
M i l l i c u r i e :  
second) . Abbreviated mCi  . 

One-mi l l ion th  o f  a c u r i e  ( 3 . 7  x lo4 d i s i n t e g r a t i o n s  p e r  

One-thousandth o f  a c u r i e  ( 3 . 7  x 107 d i s i n t e g r a t i o n s  p e r  

P icocur ie :  
second o r  2.22 d i s i n t e g r a t i o n s  per  minute). Abbrev iated pCi . One-mi l l ion th  o f  a m ic rocu r ie  ( 3 . 7  x 10-2 d i s i n t e g r a t i o n s  p e r  

Daughter: Synonym f o r  decay product .  

Decay Product: 
nuc l i de .  A decay product may be e i t h e r  r a d i o a c t i v e  o r  s tab le .  

A n u c l i d e  r e s u l t i n g  f r o m  t h e  r a d i o a c t i v e  decay o f  a r a d i o -  
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I 

Decay, Radioact ive:  
w i t h  the  passage o f  t ime due t o  spontaneous emission o f  charged p a r t i c l e s  
(alpha o r  be ta  p a r t i c l e s )  and/or gamma rad ia t i on .  

The decrease i n  the  amount o f  any r a d i o a c t i v e  m a t e r i a l  

Deplet ion:  Reduct ion o f  t h e  concentrat ion o f  s p e c i f i e d  isotopes i n  a 
ma te r ia l .  

Depleted Uranium: 
0.7 percent found i n  na tu ra l  uranium. 

Uranium having a percentage o f  uranium-235 smal ler  than t h e  

Dose: A q u a n t i t y  o f  r a d i a t i o n  o r  energy absorbed. For spec ia l  purposes i t  
must be a p p r o p r i a t e l y  qua l i f i ed .  I f  u n q u a l i f i e d ,  i t  r e f e r s  t o  absorbed dose. 

Absorbed Dose: The energy absorbed from i o n i z i n g  r a d i a t i o n  i n  a gram o f  
any m a t e r i a l .  The u n i t  o f  absorbed dose i s  the  rad. One rad equals 100 
ergs per  gram. (See Rad.) 

Dose Equivalent:  
sca le  when mod i f y ing  f a c t o r s  have been considered. 
absorbed dose i n  rads m u l t i p l i e d  by c e r t a i n  modifying fac to rs .  
dose equ iva len t  i s  t h e  rem.) 

A t e r n  used t o  express t h e  amount o f  r a d i a t i o n  on a common 

(The u n i t  of 
It i s  de f ined as t h e  

Dose Rate: 
i n  m i l l i r e m  p e r  hour. 

The r a d i a t i o n  dose de l i ve red  per  u n i t  t ime, measured, f o r  example, 

Element: A category of atoms a l l  o f  t h e  same atomic number. 

Enriched Uranium: 
i s  increased above t h e  0.7 percent found i n  na tu ra l  uranium. 

Uranium i n  which t h e  abundance o f  t h e  uranium-235 i so tope  

Exposure: 
t i on .  The spec ia l  u n i t  o f  exposure i s  t he  roentgen. 

A measure o f  t h e  i o n i z a t i o n  produced i n  a i r  by x or gamma rad ia -  

F i s s i o n  Products: Radioact ive isotopes produced when uranium atoms f i s s i o n  
( sp l  i t  apar t ) .  

Fuel :  F i s s i o n a b l e  ma te r ia l  o f  reasonably long l i f e ,  used i n  a nuc lear  
reactor.  

Gama Ray: High energy, shor t  wavelength electromagnet ic r a d i a t i o n  emi t ted  
from the  nucleus. 

Gaseous D i f f u s i o n :  A method o f  i s o t o p i c  separat ion based on the  fac t  t h a t  
gas atoms or molecules w i t h  d i f f e r e n t  masses  w i l l  d i f f u s e  through a porous 
b a r r i e r  (or membrane) a t  d i f f e r e n t  r a t e s .  This method i s  used t o  separate 
u ran i  um-235 from u ran i  um-238. 

- 2 -  
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Half-1 i f e ,  Radioactive: Time requ i red  f o r  a rad ioac t ive  substance t o  l o s e  
50 percent o f  i t s  a c t i v i t y  by r a d i o a c t i v e  decay. Each rad ionuc l i de  has a 
unique h a l f - 1  i f e .  

Ion: Atomic p a r t i c l e ,  atom, o r  chemical r a d i c a l  bearing an e l e c t r i c a l  charge, 
e i t h e r  negat ive  o r  pos i t i ve .  

I o n i z a t i o n :  
negat ive  charge, through adding more e lec t rons  to,  o r  removing e lec t rons  f r o m  
atoms o r  molecules. 

The process by which a atom or  molecule acquires a p o s i t i v e  o r  

I r r a d f a t f o n :  Exposure t o  rad ia t i on .  

Isotopes: 
number), but  d i f f e r i n g  i n  the  number of neutrons ( the  mass number). 
i d e n t i c a l  chemical p roper t ies  e x i s t  between isotopes o f  a p a r t i c u l a r  element. 

Nucl ides having t h e  same number o f  protons ( the  same atomic 
A lmos t  

Mass Numbers: 
A lso known as t h e  atomic weight o f  an atom. (Symbol: A) 

The number o f  protons and neutrons i n  the  nucleus o f  an atom. 

Mi 11 f ronentgen (mR) : One one-thousandt h of a roentgen. (See Roentgen. ) 

Molecule: A group o f  atoms he ld  together  by chemical force. Smallest 
q u a n t i t y  o f  a compound which can e x i s t  by i t s e l f  and r e t a i n  a l l  p r o p e r t i e s  o f  
t h e  o r i g i n a l  substance. 

.Natural  Uranium: 
99.3 percent uranium-238, and 0.005 percent uranium-234. 

Uranium as found i n  nature, having 0.7 percent uranium-235, 

Nucleus: 
most o f  t h e  mass i s  concentrated. 

That p a r t  o f  an atom i n  which the t o t a l  p o s i t i v e  e l e c t r i c  charge and 

Nucl ide: 
nuc lear  c o n s t i t u t i o n  i s  s p e c i f i e d  by t h e  number o f  protons ( Z ) ,  number of 
neutrons (N),  and energy content. To be regarded as a d i s t i n c t  nuc l ide ,  the 
atom must be capable o f  e x i s t i n g  f o r  a measurable time. 

An atom character ized by t h e  c o n s t i t u t i o n  o f  i t s  nucleus. The 

Organ: 
i n  a l i v i n g  body. 

Group o f  t i ssues  which together  perform one o r  more d e f i n i t e  func t i ons  

Parent: A rad ionuc l i de  which, upon d i s i n t e g r a t i o n ,  y i e l d s  a s p e c i f i e d  nuc l i de  
( t h e  daughter). 

Rad: T h e , u n i t  o f  absorbed dose equal t o  0.01 J/kg i n  any medium. (See 
Absorbed Dose.) (Wr i t ten :  rad.) 

- 3 -  
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Appendix B ., 

Radiat ion:  
through a material medium i n  the form of waves; for instance,  the emission and 
propagation of electromagnetic waves, or of sound and e l a s t i c  waves. 
energy propagated through space or t h r o u g h  a material medium as waves; for 
example, energy i n  the form of electromagnetic waves or of e l a s t i c  waves. The 
term radiation a r  radiant energy, when unqualified, usually re fers  t o  
electromagnetic radiation. 
t o  frequency, as infrared,  v i s ib l e  ( l i g h t ) ,  u l t r a -v io l e t ,  x ray, and gama 
ray. ( 3 )  By extension, corpuscular emissions, such as alpha and beta 
radiat ion,  or rays of mixed or unknown type, as cosmic radiation. 

(1) The emission and p ropaga t ion  of energy t h r o u g h  space or 

( 2 )  The 

Such radiation commonly is  c l a s s i f i e d ,  according 

Background Radiation: Radiation ar is ing from radioact ive material other 
t h a n  the one d i r e c t l y  under consideration. 
cosmic rays and natural radioact ivi ty  is always present. There may also 
be background radiation due t o  the presence of radioactive substances i n  
other parts of the b u i l d i n g ,  i n  the b u i l d i n g  material i t s e l f ,  e tc .  

Background r a d i a t i o n  due t o  

External Radiation: 
radiation must penetrate the skin. 

Radiation from a source outside the body - the  

Internal Radiation: 
of  deposition of radionuclides i n  body t issues . )  

Radiation from a source w i t h i n  the  body (as a resu 

Ionizing Radiation: 
of  producing ions. 

Any electromagnetic or pa r t i cu la t e  radiation capab 

t 

e 

Radioactivity: Spontaneous emission of radiation. 

Radionuclide: A radioactive atom. 

Radioisotope: Isotope of an element which spontaneously emits radiation. 

Rem: A special u n i t  of dose equivalent. The dose equivalent i n  rems i s  
numerically equal t o  the absorbed dose i n  rads multiplied by the q u a l i t y  
f ac to r ,  the d i s t r ibu t ion  f ac to r ,  and any other necessary modifying factors .  

Respiratory System: The group of organs concerned w i t h  the exchange of oxygen 
and carbon dioxide i n  organisms. I n  higher animals this consis ts  successively 
of  the a i r  passages th rough  the mouth, nose, and t h roa t ,  the trachea,  the 
bronchi, the bronchioles, and the alveoli  of the lungs. 

Roentgen ( R ) :  The special u n i t  of exposure. One roentgen equals 2.58 x 
coulomb per kilogram of  air. (See Exposure.) 

Transuranics: 
number 9 2 ) .  Transuranics include p l u t o n i u m ,  neptunium, and americium. 

Elements h a v i n g  a higher atomic mass number t h a n  uranium (zass 

.- . 

- c -  
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Appendix 8 

X Rays: 
t h a n  those of visible l i g h t .  
metallic target w i t h  fast electrons i n  a h i g h  vacuum. 
i t  is customary t o  refer t o  photons originating i n  the nucleus as gamma rays, 
and those originating i n  the extranuclear part of the atom as x rays. 

Penetrating electromagnetic radiations whose wave lengths are shorter 
They are usually produced by bombarding a 

In nuclear reactions, 

- 5 -  
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APPENDIX C 

Sumnary o f  S ign i f i can t  Data on Isotopes L i s t e d  i n  Report 

I sotope 

hydrogen-3 

cobal t -57 

cobal t -60 

krypton-85 

strontium-89 

strontium-90 

zf rconi  urn-95 

n i  ob i  urn-95 

technetium-99 

ru then i  urn-103 

r u t  hen i urn-106 

i odine-131 

xenon-133 

Symbo 1 

H-3 

CO-57 

CO-60 

Kr-85 

Sr-89 

Sr-90 

tr-95 

Nb-95 

fc-99 

Ru-103 

Ru-106 

1-131 

Xe-133 

I 

Speci f i ca 
A c t i v i t y  Type of 

Half-1 i f e  Orqans P r i n c i p a l l y  Affected (Ci /g)  Radiat ion 

12.3 years 

270 days 

5.25 years 

10.7 years 

50.8 days 

28.9 years 

65.5 days 

35.1 days 

213,000 
years 

39.8 days 

368 days 

8.1 days 

5.25 days 

whol e body 

1 ung ( a i  rborne) 
gast ro i  ntest ional  t r a c t  

1 ung ( a i  rborne) 
gast ro i  n t e s t i  onal t r a c t  

whol e body (external  
exposure) 

bone 
gast ro i  ntent ional  t r a c t  
1 ung ( a i  rborne) 

bone 
gast r o i  n test ional  t r a c t  
1 ung (airborne) 

gastroi  n t e s t i  onal t r a c t  
1 ung ( a i  rborne) 

gastrointest ional  t r a c t  
1 ung (airborne) 

gastrointest ional  t r a c t  
1 ung ( a i  rborne) 

gast ro in test ional  t r a c t  
1 ung (airborne) 

gastroi  n t e s t i  onal t r a c t  
1 ung ( a i  rborne) 

thy r o i  d 
gast ro i  n test ional  t r a c t  
1 ung ( a i  rborne) 

whol e body (external  
exposure) 

9,640 

8,480 

. 1,130 

393 

28,200 

14 1 

21,000 

39,200 

0.017 

31,900 

3,360 

124,000 

187,000 

bet a 

gamma 

beta, gama 

beta, gamma 

beta, gamma 

beta 

beta, gamma 

beta, gamma 

b e t a  

beta, gamma 

beta, gamma 

beta, gamma 

b e t a ,  gamma 



Appendix C 

Speci f i ca 

Isotope Symbol 

cesium-134 Ce- 134 

cesium-137 CS-137 

c e r i  um-144 CE-144 

rad i  um-226 Ra-226 

radi um-228 Ra-228 

- h o r i  um-232 Th-232 

- a n i  um-233 U-233 

iranium-234 U-234 

i rani  um-235 U-235 

.. 

A c t i v i t y  Type of 
Hal f-1 i f e  Organs P r i n c i p a l l y  Affected (Ci /q)  Radia t ion  

2.1 y e a r s  g a s t r o i n t e s t i o n a l  t r a c t  1,300 b e t a ,  g a m a  
1 ung ( a i r b o r n e )  
1 iver 
sp leen  
muscle 

30.2 y e a r s  g a s t r o i n t e s t i o n a l  t r a c t  
1 ung ( a i  rborne)  
1 iver 
sp leen  
muscle 

87 b e t a ,  gamma 

284 days g a s t r o i n t e s t i o n a l  t r a c t  3,190 b e t a ,  gamma 
bone 
1 iver 
1 ung ( a i  rborne)  

1,602 y e a r s  bone 0.99 a l p h a ,  gamma 
g a s t r o i  ntesti  onal t r a c t  
1 ung ( a i r b o r n e )  

5.75 y e a r s  bone 273 b e t a ,  gamma 
g a s t r o i  n tes t i  onal t r a c t  
1 ung ( a i  rborne)  

1.41 x 1O1O bone 1.09 x a l p h a ,  gamma 
years '  g a s t r o i  ntest  ional  t r a c t  

' lung ( a i r b o r n e )  

160,000 bone 0.01 a l p h a ,  gamma 
y e a r s  kidney 

g a s t r o i n t e s t i o n a l  t r a c t  
1 ung  ( a i  rborne)  

250,000 bone 0.006 a l p h a ,  gamma 
y e a r s  kidney 

g a s t r o i n t e s t i n a l  t r a c t  
1 ung ( a i r b o r n e )  

7.1 x lo8 bone 2.14 x a l p h a ,  gamma 
y e a r s  kidney 

g a s t r o i n t e s t i o n a l  t r a c t  
1 ung  ( a i r b o r n e )  
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