
G-000-101 .62 

5666 

REPORT ON HISTORIC URANIUM RELEASES FROM CURRENT DOE OAK 
RIDGE OPERATIONS OFFICE FACILITIES (USED AS REFERENCE IN THE 
OU 4 RI AND THE OU 5 RI) 

06/24/85 

DOE-OR0 
27 
REPORT 

. . . . - . . . . . .. .. .. . .  . - - .  .... .. . . ~ ~ ~ . .  

4 



EIWRT ON HISTORIC URNSUM RREASES FROM (1I-T 
DOG O M  RIDGE OPERATIONS WFIE  FACILITIES 

. 

June 24, 1985 
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Ow HISTORIC URASJUM RREASES FROM (1I-T 

DOG O M  RItSE OeERATIOWS OFFICE FACILITIES 

Since 1947 la rge  q u a n t i t i e s  o f  uraniwn have been processed i n  product ion 

f a c i l i t i e s  t h a t  support the ave ra l l  mission o f  t h e  Depariment of Energy, Oak 

Ridge Operati ons (DOE/ORO). The .p r inc ipa l  prograns under WE/ORO t h a t  i nvol ve 

t h e  processing o f  uranium are: 

1. Product lon o f  enriched uranium f o r  fuel i ng  nuc lear  powerplants 

i n  t h e  United States and abroad. 

2. Product ion o f  nuclear weapons components i n  support of  National 

. defense prograns. 

3. Processing o f  uranium feed m a t e r i a l s  and r e l a t e d  product ion o f  

uranium fue l  cores f o r  U. S. p l  d o n i  urn product ion reactors. 

These a c t l v l t i e s  a re  accomplished through the  e f f o r t s  o f  s t a f f  located a t  s i x  

DOE/ORO plants. Three OF these p lan ts  a r e  gaseous d i f f u s i o n  p lan ts  involved 

i n  t h e  enrichment o f  uranium fuel .  The Y-12 P lan t  i s  a me ta l l u rg i ca l  and 

machining f a c i l  i t y  f o r  t h e  product ion of nuclear weapons components. The Feed 

Materf a1 s Product ion Center (FMPC) and t h e  R M I  Ex t rus ion  P1 ant each perform 

d i f f e r e n t  steps i n  t h e  processlng of uranium feed mater ia ls.  A seventh 

DOE/ORO f a c i l i t y ,  Oak Ridge Nat ional  Laboratory (OWL), has handled re1 a t i v e l y  

m a l 1  q u a n t i t i e s  o f  uranium i n  nuclear research and developnent programs. 

A l l  of these f a c i l i t i e s ,  i n  handl ing and processfng uranium, have released 
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u r a n i m  - t o  the envirorment and have generated va ry ing  q u a n t i t i e s  of uranium 

waste as a by-product of ongoing operations. 

This repo r t  discusses r a d i a t i o n  dose t o  t h e  p u b l i c  r e s u l t i n g  from t h e  release 

of uranium only. MDre de ta i l ed  data, fran which t h i s  repo r t  was prepared, 

are ava i l  able. Future repor ts  w i l l  be prepared t o  address o ther  rad ionucl  ides 

if informat ion on t h e  releases proves t o  be s ign i f i can t .  

Gaseous Mffuslon Plants 

The large-& s i n g l e  a c t i v i t y  under M)E/ORO i n  terms o f  both budget and 

personnel i s  t h e  product ion o f  enriched uranium a t  t he  th ree  gaseous d i f f u s i o n  

plants. Mar t in  Mar ie t ta  Energy Systems, Inc.,, operates t h e  Oak Ridge0 

Tennessee, and Paducah, Kentucky, p l  ants, and Goodyear Atanic Corporat i  on 

operates t h e  Portsmouth, Ohio, f a c i l  i t y .  

Uranlum i s  released t o  t h e  a i r  through vents  i n  t h e  gaseous d i f f us ion  process 

buildings. Vents release l i g h t  gases (mostly a i r )  t h a t  would otherwise 

accunulate r a p i d l y  a t  t h e  enriched end of t h e  gaseous d i f f u s i o n  processes 

and i n t e r f e r e  w i t h  operations. Releases a1 so occur f ran b u i l  dings i n  which 

uranium i n  one form i s  converted t o  another form--for instance, when uranium 

hexaf 1 uor i  de i s  converted t o  urani urn t e t r a f  1 uor i  de. 

The primary source of waterborne uranium a t  t h e  gaseous d i f f u s i o n  p lan ts  

I s  t h e  equipment c leaning process. L iqu id  e f f l u e n t s  a re  t reated t o  remove 

uranium and then discharged t o  streans adjacent t o  t h e  plants. Wastewater 

conta in ing enr iched uranium i s  -routed through a recovery and recyc le  process 
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t o  rmove as mu& uranium as possible. The uranium t h a t  i s  renoved i s  

re ta ined on s i t e  and, where feasible, i s  recycled f o r  f u r t h e r  use. 

The urani um hand1 i ng and processi ng a c t i v i t i e s  a t  the th ree  gaseous d i  f f usi on 

p lan ts  have resu l ted  i n  bu r ia l  of  uranium-contaminated sol  i d  wastes as we1 1 

as uranium releases t o  the  a i r  and t o  water. Buried wastes conta in ing uranium 

general i y  include: 

1. Waste paperr rags, and f l o o r  sweepings from general cleanup 

operations. 

2. Wastwater t reatment SI udges. 

3. Residual s, such as f i1 ters, t rapp ing  medi a, and scrubber sol i d s  

from a i r  p o l l u t a n t  con t ro l  devices. 

4. Scrap metal S. 

Quant i t ies  and types o f  sol i d  wastes generated, and subsequently buried, have 

var ied  through t h e  years i n  re1 a t i  on t o  f l  uc tua t i  ng product ion 1 eve1 s. 

Y-12 Plant 

Current a c t i v i t t e s  a t  the  Y-12 Plant, located i n  Oak Ridge, Tennessee, 

i n c l  ude: 

1. Product ion o f  nuc lear  weapons components. 

2. 

3 .  

Fabr ica t ion  assistance t o  DOE'S weapons design 1 aboratories. 

Source and speci a1 nuclear mater i  a1 s processi ng. 

- . - .- .. . ._ .. I . . .. . .  - . . - . . . . . . 
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4. Support t o  OWL f ac i l  i t i e s  located a t  the Y-12 P1 ant. 

5. Support t o  other goverment agencies. 

The production of components for  nuclear weapons systems involves t h e  

conversion of urani um compounds t o  metal. and t h e  appropri a t e  cas t i  ng, rol l  ing, 

forming, and machining operat ions required t o  produce a f i n i s h e d  product. 

Assistance t o  ORNL and other  Government agencies generally cons is t s  of 

precision machining and/or assembly of many varied items, most not involving 

urani urn. 

Both ai rborne and waterborne uranf um re1 eases f ran the Y-12 Plant emanate 

fran the uranium metal machining and chenical processing operations. I n  

addi ti on, waterborne urani um incl udes urani um contained i n t h e  runoff caused 

by natural p rec ip i ta t ion  onto and around outs ide storage f a c i l i t i e s .  This 

runoff a l so  includes airborne uranium t h a t  has been  deposited on s i te .  The 

Y-12 Plant uranium waste streans, l i k e  those a t  the gaseous diffusion plants, 

are  processed through recovery and recycle or treatment before the l i q u i d  

wastes, containing very m a l 1  mounts  of uranium i n  solution, a r e  released 

t o  nearby streans. 

The manufacturing and machining operat ions a t  the Y-12 Plant result i n  so l id  

wastes s imi l a r  t o  those produced a t  the gaseous diffusion p lan ts  plus depleted 

urani  um metal t u r n i  ngs from machini ng operati  ons. After t r e a t i  ng wastes t o  

renove d e p l e t e d  uranium or t o  recover enriched uranium, the renaining uranium- 

bea r ing  s o l i d s  have been  bur ied  on s i te  i n  shal las  land burial trenches. 

Solid waste generated a t  the Y-12 Plant i s  buried on t h e  plant site. In 
d 

- 
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the ear ly years of the Y-12 Plant  operations, some sol i d  waste was a1 so bur ied 

a t  the ORNL s i  te. 

Feed Materials Productlm bnter 

Located outs ide Cincinnat i ,  Ohio, FMPC i s  involved i n  t h e  processing o f  

uranium feed m a t e r i a l s  i n t o  uranium metal forms f o r  use i n  t h e  National 

defense progran and i n  t h e  product ion o f  e l e c t r i c i t y .  A t  one t ime FMPC 

a l so  converted uranium o re  and recyc le  m a t e r i a l s  t o  uranium oxide f o r  use a t  

gaseous d i  f f usi  on p l  ants. 

Fol lowing i n i  ti a1 conversion operat i  ons, urani  um metal i s  r e f i n e d  and p u r l  f ied 

and then cast i n t o  metal forms of var ious s i zes  and shapes. Depleted uranlum 

metal i s  shipped t o  DOE'S Y-12 s i t e  i n  Tennessee and Rocky F l a t s  s i t e  i n  

Colorado. Other metal forms a r e  center-dr i l  led, surface-machined, and then 

sent t o  R M I  t o  be extruded i n t o  tubes. Those tubes f o r  use a t  DOE'S Savannah 

River s i t e  i n  South Carol ina a r e  returned t o  FMPC f o r  f i n a l  machining t o  form 

hollow cores. These fuel cores a r e  used i n  plutonium product ion reactors  as 

p a r t  o f  our Nat ional  defense progran. 

Airborne uranium releases a t  FMPC have resu l ted  f rom many p l a n t  operations. 

A t  a l l  mqjor release points, however, m i s s i o n  contro l  devices a r e  used t o  

reduce t h e  p l a n t  emissions. Radioactive dust generated by manufacturing 

processes a t  FMPC a re  captured by bag-type dust co l lectors .  Co l l ec to r  

f a i l  ures, however, have resu l ted  i n  1 arge re1 eases o f  uranium t o  t h e  a i  r. 

L i q u i d  e f f l u e n t  releases have o r ig ina ted  from the  

uranium metal forms and t o  c lean p l a n t  equipment. 
. .  

t o  renove uranium before it i s  released t o  nearby 

use of water t o  quench hot  

The p lan t  t r e a t s  wastewater 

waterways. However, large 
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releases have, nevertheless, occurred. Informat ion on these releases has been 

previously disseminated t o  the  p u b l i c  and i s  summarized i n  t h i s  report .  

The product ion a c t i v i t i e s  a t  FMPC r e s u l t  i n  uranium-contaminated s o l i d  wastes. 

Where economically feasible, t h e  uranium i n  the  waste i s  recovered and 

recycled back i n t o  t h e  process. Where recovery i s  not feasible,  t h e  waste 

i s  stored i n  drums on s i t e ,  awai t ing f i n a l  o f f - s i t e  disposal. I n  the  past, 

rad ioact ive s o l i d  waste was disposed of on s i t e .  . 

fWI Extrusion Plant 

The W I  Extrus ion P l a n t  i s  a p r i v a t e l y  owned f a c i l i t y  located i n  Ashtabula, 

Ohio. DOE'S involvement a t  RMI i s  l i m i t e d  t o  t h e  operat ion o f  a l a rge  press 

and associated support services, which are requi red f o r  the ex t rus ion  and 

handling o f  uranium metal. A t  R M I  t he  uranium m e t a l  forms received from 

FMPC are  extruded i n t o  tubes. Some o f  these tubes are r e t u r n e d ' t o  FMPC f o r  

f i n i s h i n g  before being sent t o  DOE'S Savannah River s i t e  f o r  use i n  product ion 

reactors. Other uranium tubes are fab r i ca ted  i n t o  f i n a l  products a t  R M I  

and are then shipped t o  DOE'S Richland, Washington, s i t e  where they are co- 

extruded t o  form f u e l  elements f o r  DOE'S nuclear reactors. 

Airborne uranium releases a t  RblI occur from s i x  p l a n t  operations, but  t he  two 

primary release po in ts  are an abrasive saw and a pyrophoric scrap i nc ine ra to r .  

Although these release po in ts  a re  equipped w i t h  emission con t ro l  devices, a 

small percentage o f  uranium can be released. 

L iqu id e f f l u e n t s  o r i g i n a t e  from the use o f  water t o  quench hdt uranium 

extrusions. RMI t r e a t s  wastewater t o  remove uranium before it i s  discharged 
- 
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t o  nearby. waterways. To f u r t h e r  t r e a t  p l a n t  l i q u i d  releases, RMI i s  

proceeding with the design of an improved wastewater treatment system. 

Oak Ridge National Laboratory 

ORNL programs focus on the  development o f  e f f i c i e n t ,  economical, safe, and 

environmental ly acceptable technology f o r  the product ion and use of  energy 

from various sources. Re la t i ve  t o  other WE s i tes ,  these a c t i v i t i e s  invo lve 

very l i t t l e  uranium. As a r e s u l t ,  uranium releases t o  t h e  a i r  and water a t  

ORNL have been and continue t o  be n e g l i g i b l e  and a re  not  addressed i n  t h i s  

report.  As mentloned e a r l i e r ,  a small p o r t i o n  o f  t he  s o l i d  wastes conta in ing 

enriched uranium generated a t  t h e  Y-12 P lan t  a r e  bu r ied  on the  ORNL s i t e .  

W I U I  RELEASE DATA 

Figures 1 through 6 i l l u s t r a t e  h l s t o r i c  trends i n  uranium released t o  the  a i r  

and water f o r  each o f  WE/ORO's plants.  Where POSSibler notes a re  provided on 

the graphs t o  exp la in  s i g n i f i c a n t  increases and decreases i n  uranium releases. 

Note t h a t  f o r  most f a c i l i t i e s  data a re  a v a l l a b l e  o n l i  through 1983 since t h l s  

repo r t  I s  drawn from source mater la l  prepared i n  l a t e  1984. I n  addi t ion,  

no .graphs are included f o r  ORNL because uranium releases a t  the ORNL s i t e  

have been minor. 

Generally, a l l  the p lan ts  show a decreasing t rend  i n  uranium releases 

i n  recent years. Increased l e v e l s  o f  uranium release ind i ca te  e i t h e r  an 

accidental  release, an increase i n  product ion leve ls ,  or  i n i t i a t i o n  o f  .a 

d i f f e r e n t  type o f  operation. 
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As the.graphs show, a l l  DOVORO p lan ts  began monltor lng and recordlng uranlum 

releases t o  t h e  a l r  and water by the  m i d - 1 9 5 0 ~ ~  except f o r  R M I 0  whlch d l d  

not  become operat lonal  u n t i l  1962. Over the  years, most p lants  have I n s t a l l e d  

newer and more advanced p o l l u t a n t  con t ro l  devices t o  decrease a l r  releases. 

I n  additton, a i r  and water monitor ing and sampllng programs have been and 

contlnue t o  be Implemented I n  order t o  b e t t e r  character lze how and when 

uranium releases occur. 

Table 1 shows’ to ta l  uranlum releases t o  t h e  a i r  and water and uranium bur led 

w 1 t h . s o l I d  wastes f o r  each p l a n t  and f o r  a l l  DOVORO f a c l l l t l e s  combined. 

A quick glance a t  t he  numbers w l l l  show that ,  although la rge  q u a n t l t i e s  

(k l lograms) o f  uranium have been released t o  t h e  envlronment or bur led on 

s i t e ,  t h e  l e v e l  o f  r a d l o a c t i v l t y  ( c u r l e s )  associated w i t h  the uranium released 

o r  bur led I s  low. Most releases t o  t h e  envlronment have been depleted 

u r  an 1 um. 

CWPARISON OF RISK W I T H  NATURN SWRCES 

The data presented I n  Table 1 and Figures 1 through 6 present releases o f  

uranium by mass, measured I n  kl logramsr o r  by r a d i o a c t l v l t y ,  measured i n  

cur ies.  A c u r l e  I s  t h e  r a t e  a t  which a rad loac t l ve  mater la l  decays I n t o  other 

Isotopes and, I n  the  process, emlts p a r t i c l e s  o r  energy (e.g., alpha or beta 

p a r t i c l e s  and gamma rays). Uranium has a r e l a t l v e l y  low number o f  cur les per 

k l logram because the h a l f - l i f e  of each o f  I t s  Isotopes I s  very long. Neither 

kl lograms nor cu r les  can be e a s i l y  r e l a t e d  t o  the  degree of  r a d l a t l o n  dose 

o r . h e a l t h  e f f e c t s  experienced by an i nd l v ldua l .  The u n i t  t h a t  Is most o f ten  

used t o  measure and dlscuss r a d l a t l o n  dose t o  humans i s  a rem. Rems measure 

the amount o f  energy absorbed by a person who has been exposed t o  rad lat lon.  
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Dose t o  i n d i v i d u a l s  i s  usual ly discussed i n  terms o f  mfll irems--1/1000 o f  a 

rem--because the  amounts of r a d i a t i o n  a r e  normally very small. 

It should be noted t h a t  i n  Figures 1 through 6 d i f f e r e n t  scales are used t o  

i l l u s t r a t e  the  trends o f  uranium release. To put t h e  informat ion presented 

i n  these f fgures and i n  Table 1 f n t o  perspective, consider t h a t  t he  average 

U.S. res ident  receives about 200 m i l l i r e m s  o f  r a d i a t i o n  each year from natura l  

and manmade sources. Sources o f  natura l  r a d i a t i o n  include the sun, rocks, 

s o i l ,  food, a i r ,  and water. Because the  sun i s  a major source of rad iat ion,  

t h e  e leva t i on  a t  which a person l i v e s  a f f e c t s  t h e  l e v e l  o f  r a d i a t i o n  t o  which 

a person i s  exposed. Manmade sources include medical procedures such as x ray 

examinations, t e lev i s ion ,  weapons fa1 lout ,  and t h e  nuclear fue l  cycle. 

When t h e  average dose t o  a s i n g l e  i n d i v i d u a l  i s  m u l t i p l i e d  by the populat ion 

w i t h i n  a speci f ied area ( w i t h i n  a 50-mile rad ius o f  a p a r t i c u l a r  p lan t ) ,  t h e  

t o t a l  amount o f  r a d i a t i o n  received by t h e  e n t i r e  populat ion i s  measured i n  

person-rems. 

Table 2 shows t h e  cumulative person-rems o f  r a d i a t i o n  dose w i t h i n  a 50-mile 

rad ius o f  each DOE/ORO f a c i l i t y .  For example, over the 28 years for  which 

uranium releases have been monitored a t  t he  Y-12 Plant, t he  dose t o  t h e  t o t a l  

estimated populat ion o f  863,000 (1980 populat ion) has been 5420 person-rems. 

By comparison, t h e  same populat ion over the same 28 years has received a dose 

o f  4,000,000 person-rems o f  r a d i a t i o n  from na tu ra l  sources--cosmic rays from 

t h e  sun, n a t u r a l l y  rad ioac t i ve  elements contained i n  rocks and s o i l  , b u i l d i n g  

mater ia ls,  a i r ,  water, and potassium i n  food. Thus, t he  add i t i ona l  r a d i a t i o n  

dose experienced due t o  operat ion o f  t h e  Y-12 Plant,  or  any OOE/OAO f a c i l l t y ,  

i s  minor when compared w i t h  natura l  sources o f  rad iat ion.  

- - _ _  
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Table 3 presents dose data i n  a d i f f e r e n t  form. Based on ava i l ab le  uranium 

release data, t h e  t a b l e  presents t h e  e f f e c t i v e  t o t a l  body dose, i n  m i l l i r e m s  

per year, t o  t h e  member o f  t he  p u b l i c  having t h e  highest ca lcu lated dose 

( t h e  maximally exposed person) a t  each p lan t  s i t e .  It a l s o  shows the maximum 

dose t o  a s i n g l e  organ o f  maximally exposed persons. Table 4 g ives r a d i a t i o n  

doses from various natura l  and manmade sources w i t h  which t o  compare the  

dose from DOE/ORO f a c i l i t i e s  presented i n  Table 3 .  On January 17, 1985, t h e  

Environmental P ro tec t i on  Agency (€PA) pub1 ished f i n a l  standards f o r  1 i m i t i n g  

a i rborne rad ionucl ide releases from DOE f a c i l i t i e s  t o  an amount t h a t  r e s u l t s  

i n  a t o t a l  body dose o f  25 m i l l i r e m s  per year or. a maximum organ dose of  

75 m i l l i r e m s  per year. As shown i n  Table 3 ,  t h e  highest dose f o r  any o f  

I 

t h e  DOE/ORO f a c i l i t i e s  i s  we l l  below the  1985 EPA standard. 

CtWLIANCE W I T H  #)E REWLATIONS A)1D STANOAROS 

DOE standards a re  based on t h e  assumption t h a t  any amount o f  r a d i a t i o n  can 

cause an increased chance of harmful heal th  e f fec ts .  Thus, t h e  l e v e l s  o f  

uranium released from DOE/ORO f a c i l i t i e s  have always been regu la ted - f i r s t  

under the  Atomic Energy Commission (AEC), then under the Energy Research and 

Development Administrat ion (ERDA), and f i n a l l y  under DOE. A l l  annual releases 

a t  a l l  DOE/ORO f a c i l i t i e s  have been i n  compliance w i t h  the DOE standards and 

regu la t i ons  t h a t  were app l i cab le  a t  t he  t ime of release. I n  addi t ion,  work 

t h a t  RMI  does f o r  the p r i v a t e  sector ( i .e.# non-M)E work) i s  regulated by the 

Nuclear Regulatory Commission (NRC). RMIls commercial operations have a lso 

been i n  compliance w i t h  NRC standards., 

- - . . . . . 
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suI)IARr 

I n  summary, the uranium release d a t a  for the DOVORO faci l i t ies  show: 

1. Large mass/small curie releases of uranium, primarily during 

the 1950s and 1960s. 

2. Consistent compliance w i t h  WE ( A E W E R D A )  a n d  NRC standards i n  

effect  a t  the time of release. 

3 .  Dose t o  maximally exposed person well w i t h i ' n  EPA dose standards 

(see Table 3 ) .  

4 .  A decreasing trend i n  uranium release t o  a i r  and water a t  most 

faci l i t ies  a s  a result of improved effluent controls. 

. . .  . . . . . . . . . -. . . . .  . . . .. 
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FIGURElA. ANNUAL RELEASES OF URANIUM TO THE AIR AND WATER FROM 

OAK RIDGE GASEOUS DIFFUSION PLANT 
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'FIGURE 26. URANIUM BURIED ANNUALLY ON SITE AT 

PADUCAH GASEOUS DIFFUSION PLANT 
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FIGURE.3A. ANNUAL RELEASES OF URANIUM TO THE AIR AND WATER FROM 
PORTSMOUTH GASEOUS DIFFUSION PLANT 

K 
I 
I 
o 3000- 
0 
r 
a 

1955 I960 196s I970 197s I988 198s 

Ripor t i ne Y - o r  

I e00 

i 1200 
K 

I 

9 

a 

0 

196.0 1965 I970 197s 1980 1985 I955 

- Accidental Releuse @ - No Documentation Available 
- Operation of Feed Production Plunt @ - Increased Equipment Decon tominutior - Shutdown of Feed Production Plant 



,4 

f 

PORTSMOUTH GASEOUS DIFFUSION PLANT 
* FIGURE 38. URANIUM BURIED ANNUALLY ON SITE AT 
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FlGURE'4A. ANNUAL RELEASES OF URANIUM TO THE AIR AND WATER 

FROM THE Y-12 PLANT 
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FIGURE 48. URANIUM BURIED ANNUALLY ON SITE 

AT THE Y-12 PLANT 
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FIGURE SA. ANNUAL RELEASE OF URANIUM TO THE AIR AND WATER FROM 
THE FEED MATERIALS PRODUCTION CENTER 
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* FIGURE 58. URANIUM BURIED ANNUALLY ON SITE AT 
THE FEED MATERIALS PRODUCTION CENTER 
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FIGURE 6A. ANNUAL RELEASES OF URANIUM TO THE AIR AND WATER FROM 

THE RMI EXTRUSION PLANT 
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- -  Dose Dose 
Natural (mi l l i rems/year )a  Ma nma de ( m i l  1 i rems I 

Cosmic r a d i a t i o n  

Connectf c u t  

Wyoming 

40 

130 

Colorado 120 

So i l  and rocks 

Connectf cut 60 

South Dakota 115 

Gas stove 15 per yeara 

Gas camping lan te rn  3 per houra 
( s l l k  mantle) 

J e t  plane t r a v e l  

Colorado 105 

Food (potassiumIJ 
. water# a i r  24 TV viewing 

Type o f  House 

B r i c k  
Co nc r e t e  
Wood 

50-1 00 
70-100 
30-50 

1 per 2500 
mf les 
t rave led  

0.15 p t r  
. hour 

Data from Northeast U t f l f t f e s  brochure, as suppl ied by Natfonal Academy of 
SciencesJ U.S. Environmental Pro tec t ion  Agency, and American Nuclear Society. 

D 

bData from ''Personal Radiat ion Dose ChartJ" Amerfcan Nuclear Society, 1980. 




