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A Methodology f o r  Calculating Radiation Doses from Radioactivity Released 
t o  the Environment, Compiled by G .  G .  Killough and L. R .  McKay 

ABSTRACT 

T h i s  document represents a compilation of  the principal environmental 
transport  and dosimetry models developed, adapted, and implemented by the 
Radiological Analyses and Applications Group of the Environmental Sciences 
Division of the Oak Ridge National Laboratory. The transport of released 
radioactivity through the natural environment is  discussed i n  four 
sections: atmospheric dispersion, resuspension of material by wind  action, 
t e r r e s t r i a l  transport ,  and movement of material i n  underground water 
seepage. 
and external exposure sections. And f ina l ly ,  a developmental model (CONDOS) 
which estimates the dose t o  a population result ing from the manufacture, 
storage, dis t r ibut ion,  use, and disposal of consumer products which contain 
radioactivity i s  described. 

The discussion of dose t o  man and biota i s  d i v i d e d  in to  internal 

Numerous tables are  included. 
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FOREWORD 

Following the h i s to r i c  Calvert Cliffs court decision i n  July,  1971 , 
r e q u i r i n g  the Atomic Energy Commission t o  perform detailed environmental 
assessments fo r  a l l  factors  affect ing the environment, the Atomic 
Energy Commission en l i s ted  the help of three national laboratories to 
complete the required technical assessments and t o  incorporate them i n t o  
the environmental impact statements required under the National Env i  ron- 
mental Policy Act (NEPA)  of 1969. Oak Ridge National Laboratory and i t s  
Environmental Sciences Division were given leading roles i n  the areas of 
ecological and radiological impacts; these roles continue to  the present. 

This document represents a compilation of the principal environ- 
mental transport  and dosimetry models and computer codes developed and 
presently i n  use by the Radiological Analyses and Applications Group of 
the Environmental Sciences Division. The techniques , models , and com- 
puter codes covered i n  th i s  report embrace a methodology which has 
evolved i n  response to NEPA, and which continues t o  change because of 
improvements in environmental data bases, changes i n  philosophy, re- 
sponses t o  commentors and interveners '  questions, and a desire on the- 
part  of the s t a f f  t o  improve the radiological analysis wherever possible. 

The methodology described i n  t h i s  document has been developed over 
a number of years w i t h  support from the Atomic Energy Commission formerly 
and now from the U. S. Energy Research and Development Administration 
and the U. S. Nuclear Regulatory Commission. I t  i s  not to  be considered 
as an o f f i c i a l  methodology of the U. S. Government, however. Although 
most of the models have already been used i n  environmental impact s t a t e -  
ments, there i s  no guarantee tha t  the present methodology will be accept- 
able f o r  future statements. 

Comments on this document should be addressed t o  

Dr. Stephen V .  Kaye, Project Supervisor 
Radiological Analyses and Applications Project 
Environmental Sciences Division 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 
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A Methodology for Calculating Radiation Doses from Radioactivity Released 
t o  the Environment, Compiled by G. G. Killough and L. R. McKay 

EXECUTIVE SUMMARY 

Introduction 

T h i s  document represents a compilation of the principal environmen- 
t a l  transport and dosimetry models developed, adapted, and implemented 
by the Radiological Analyses and Applications Group of  the Environmental 
Sciences Division of the Oak Ridge National Laboratory. These models 
and techniques, and the computer codes which implement them, embrace a 
methodology which has evolved, i n  large par t ,  i n  response t o  the National 
Environmental Policy Act of 1969, and which continues t o  change because 
of modeling advances, improvements i n  data bases, and changes i n  philos- 
ophy 

The transport of released radioactivity through the natural envi- 
ronment to  man is discussed i n  four sections: atmospheric transport ,  
resuspension o f  material by wind  action, t e r r e s t r i a l  transport ,  and 
movement of material i n  underground water seepage. The discussion of 
dose t o  man and biota is divided in to  external and internal exposure 
sections. And final ly  , a devel opmental model (CONDOS) i s  described 
which estimates the dose to  a population result ing from the manufacture, 
storage, d i s t r ibu t ion ,  use, and disposal of consumer products which con- 
ta in  radioactivity.  

Environmental Transport of Radionuclides 

Atmospheric Transport. The AIRDOS computer code estimates annual 
population doses and the maximum individual doses i n  an area which r .  

resul t  from releases of radionuclides in to  the atmosphere. The modes 
of exposure by man modeled i n  AIRDOS are:  ( 1 )  i n h a l a t i o n  o f  radio- 
nuclides i n  the a i r ,  ( 2 )  immersion i n  a i r  containing radionuclides, 
(3)  exposure to  ground surfaces contaminated by deposited radionuclides, 
( 4 )  ingestion of food produced i n  the affected area, and (5 )  immersion 
i n  contaminated water. 

The area surrounding the points of release i s  covered by a 20 x 20- 
square g r i d  with g r i d  s i z e  specified as i n p u t  data. For each o f  the 
400 squares, human population, numbers of beef and dairy c a t t l e ,  and 
ident i f icat ion of the square as t o  whether i t  produces food crops o r  i s  
a water area are required as input data. 

Meteorological data are suppl ied  as i n p u t  fo r  the atmospheric 
dispersion model used t o  estimate concentrations of the radionuclides 
i n  air  and the rates of deposition on ground or water surfaces. 
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Other i n p u t s  include dose conversion factors  fo r  external and 
internal exposures. 
and INREM codes. 

Such factors  may be computed w i t h  the EXREM I11 

The basic equation of the atmospheric dispersion model implemented 
Plume r i s e  i n  AIRDOS is Pasqui l l ' s '  equation as modified by GiffordO2 

due to momentum i s  estimated w i t h  the equation of Rupp e t  a1.,3 and 
Briggs' equations" are applied to  the prediction o f  the rise of  a hot 
plume resul t ing from buoyancy. AIRDOS accounts fo r  deposition and 
scavenging and incorporates a module based on the t e r r e s t r i a l  model 
(TERMOD) of Booth and Kaye t o  simulate the movement of radionuclides 
through t e r r e s t r i a l  pathways. 
other food produced from water areas i s  not included i n  the present 
version of AIRDOS. 

Exposure of man by ingestion of f i sh  o r  

External doses from gamma radiation from overhead plumes a re  not 
estimated; such exposure may be important, however, i n  the imnediate 
vicini ty  of a nuclear f a c i l i t y  and must be estimated separately where 
conditions warrant. 

Resuspension of Radioactive Material by Wind Action. A model i s  
described which t r e a t s  the movement by wind of par t iculates  once they 
have been deposited upon the ground. 
spreading of radioactive spil ls  and the atmospheric transport  of urani um 
mill t a i l i ngs  d u s t  containing long-lived radioactive isotopes are  exam- 
ples of the possible usefulness o f  such a 'model. 

The analysis of the potential  

The suspension rate  is  assumed to  be proportional to  the sa l t a t ion  
ra te ,  which is  calculated from an expression of Bagnold.' The ground 
level concentration of d u s t  downwind from the resuspension s i t e  i s  
computed from the Gaussian plume equation6 w i t h  a modification to ac- 
count f o r  plume depletion. 

Terres tri a1 Transport. The te r res  tri a1 pathways model i s i mpl e- 
mented as TERMOD, a general i zed systems analysis coup1 ed-compartment 
code intended for  predictions of radionuclide intakes by man through 
consumption of m i l k ,  beef, and plant par ts  contaminated d i rec t ly  by 
deposited radionuclides as well as uptake from the s o i l .  TERMOD is  
writ ten i n  the BASIC language fo r  use i n  a conversational mode w i t h  
the DEC PDP-10 time sharing system. 

Results of sample calculations are  given. 

The model assumes tha t  radionuclide deposition i s  the only source 
compartment and tha t  man is  the only receptor compartment of interest. 
Radioactivity i s  transferred from the source compartment t o  man th rough  
three main food sources: For most b u t  not 
a l l  s i tua t ions ,  the calculations w i t h  TERMOD are believed t o  be con- 
servat i  ve. 

food crops, meat, and m i l k .  

I 
1 
I 
I 
1 
I 
1 
t 
I 
1. 
1 
1 
1 

Tabulations of parameters and of intake rates  per u n i t  deposition 
fo r  the three pathways (above-surface food crops, milk, and beef) are  
given. 
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Movement of Radioactive Material i n  Underground Water Seepage. One 
of the pathways by which radioactive materials may be transported i n  the 
environment is b y  t he i r  movement through the soi l -  in to  groundwater. 
two-part computer code, SOGMOD, was developed by Duguid and Reeves*’g 
t o  predict the time-spatial relationships of contaminant transport  by 
groundwater. The f i rs t  part  provides numerical solution to the equation 
governing moisture i n f i l t r a t i o n  and redistribution i n  unsaturated- 
saturated media; the second par t  gives numerical solution to  the transport  
equation. 
merical solutions of the governing equations. Both adsorption and ra- 
dioactive decay are considered. 
tion of a given radionuclide a t  nodal points w i t h i n  a cross section a t  
successive time increments . 

A 

Both parts use Galerkin finite-element methods to  obtain nu-  

The output from SOGMOD is  the concentra- 

Estimation of External Radiation Dose 

Dose to  Man. The discussion of external dose t o  man i s  developed 
w i t h  reference to three basic exposure modes: 
individual i n  contaminated water; ( 2 )  immersion i n  contaminated a i r ;  
and (3 )  i r radiat ion by exposure to  a contaminated ground surface. The 
EXREM I11 computer code, which offers  i t s  user a number o f  options for 
simulating external exposure episodes involving one o r  more of these 
exposure media, estimates the dose ra te  and the total  dose from beta, 
positron, electron, x-ray, and gama radiation. Multiple environmental 
releases can be simulated, and exposure can begin a t  any time a f t e r  the 
f i r s t  release. EXREM I11 considers contributions from nuclide decay 
chains. The data base of the code consists of nuclear data fo r  more 
than 200 radionuclides, and much of this information i s  presented i n  
a se r ies  of tables. 
shown. 

( 1 )  submersion of an 

Edited output from a sample r u n  of the code i s  

For readers without access to  a computer, several tabulations of 
dose-rate and dose factors for the three exposure media are  provided, 
together w i t h  examples to i l l u s t r a t e  t he i r  use. In addition to  surface 
dose ra tes ,  tables of photon depth dose-rate factors f o r  several refer-  
ence organs are given fo r  each environmental exposure medium. 

t ion to an organism submersed continuously i n  a body of radionuclide- 
contaminated water are tabulated f o r  104 radionuclides from dose rates  
computed w i t h  the EXREM I11 computer code. 
sumed to be the result of the release of a radionuclide from a nuclear 
f a c i l i t y  in to  a body of water a t  a constant ra te ;  no environmental 
processes fo r  removal of radioactivity from the water are assumed. The 
dose-rate factors include the contributions of radioactive daughter 
products whenever these are formed. The BIORAD computer code uses these 
factors t o  estimate external doses to biota;  BIORAD is  discussed i n  a 
1 a t e r  section. 

Dose t o  Biota. The external dose rates from beta and gamma radia- 

The contamination i s  as- 
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Es t ima t ion  o f  I n t e r n a l  Radiat ion Dose 

Dose t o  Man. The i n t e r n a l  dosimetry models o f  P u b l i c a t i o n  2 o f  t h e  
I n t e r n a t i o n a l  Commission on Radio log ica l  P ro tec t i on ' '  (ICRP) form t h e  
basis of  the INREM computer code, which est imates t h e  doses t o  var ious 
reference organs o f  man f o l l o w i n g  i n h a l a t i o n  o r  i n g e s t i o n ,  o r  both, o f  
one o r  more rad ionuc l i des .  Except f o r  lungs and G. I. t r a c t ,  each 
organ's metabolism o f  a r a d i o n u c l i d e  i s  modeled as a s i n g l e  compartment 
w i t h  f i r s t - o r d e r  removal. D e t a i l e d  submission o f  b i o l o g i c a l  data i n  t h e  
i n p u t  w i l l  f a c i l i t a t e  e s t i m a t i o n  o f  dose as a f u n c t i o n  of t h e  age of t h e  
exposed i n d i v i d u a l .  
o r  as a p iecew ise - l i nea r  f u n c t i o n  o f  t ime. 

The i n t a k e  r a t e  may be s p e c i f i e d  as an i n i t i a l  pu l se  

The data base inc ludes 259 rad ionuc l i des ,  f o r  which t h e  p h y s i c a l  
and b i o l o g i c a l  i n p u t  parameters are tabu l  ated. A1 so tabu l  a ted  f o r  each 
o f  these rad ionuc l i des  are i n h a l a t i o n  and i n g e s t i o n  dose conversion 
f a c t o r s  (i.e. , the 50-year dose commitment from an i n i t i a l  u n i t  i n t a k e )  
f o r  lungs, G. I .  t r a c t ,  and o t h e r  organs f o r  which e lement-speci f ic  
rnetabol i c data are avai  1 ab1 e. 

Revised dosimetry models f o r  a number o f  rad ionuc l i des  were suggest- 
ed by I C R P  P u b l i c a t i o n s  1 0 l 1  and 10A,12 and these models were implemented 
by the INDOS codes. These codes d i f f e r  from INREM i n  the  f o l l o w i n g  p r i n -  
c i p a l  respects:  ( 1  ) They are w r i t t e n  f o r  conversat ional  i n t e r a c t i o n  i n  
a t ime-shar ing environment f o r  execut ion on the DEC PDP-10 system. ( 2 )  
T h e i r  metabol ic  models f o r  organs o t h e r  than the  lungs o r  G. I. t r a c t  
may c o n s i s t  o f  severa l  p a r a l l e l  f i r s t - o r d e r  compartments. ( 3 )  They a re  
r e s t r i c t e d  t o  a succession o f  s i n g l e  in takes a t  s p e c i f i e d  t imes o r  a 
continuous i n t a k e  a t  a constant r a t e  throughout the  dose n t e g r a t i o n  
per iod.  ( 4 )  They do n o t  model t he  lungs o r  G. I. t r a c t .  

C r i  t i c a l - o r g a n  i n h a l a t i o n  and i n g e s t i o n  dose convers on f a c t o r s  f o r  
29 rad ionuc l i des  were computed w i t h  the  INDOS codes and t a b u l a t e d  i n  
t h i s  s e c t i o n  o f  the r e p o r t .  

Dose t o  Biota.  Aquat ic b i o t a  ' l i v i n g  i n  the  v i c i n i t y  o f  nuc lea r  
f a c i l i t i e s  can be exposed t o  r a d i o a c t i v i t y  re leased i n  l i q u i d  e f f l u e n t s  
and rece ive  r a d i a t i o n  dose from i n t e r n a l  e m i t t e r s  a s s i m i l a t e d  f rom food 
and absorbed from water. Some aquat ic  organisms concentrate rad ionuc l  i des  
i n  t h e i r  t i ssues  t o  l e v e l s  h i g h e r  than the  respec t i ve  concentrat ions i n  
the ambient water. For a given organism and rad ionuc l i de ,  a bioaccumu- 
l a t i o n  f a c t o r  i s  def ined as the a c t i v i t y  pe r  gram o f  organism d i v i d e d  
by the  a c t i v i t y  pe r  m l  o f  water,  where both concentrat ions are presumed 
t o  be i n  steady s t a t e .  Bioaccumulation f a c t o r s  de r i ved  from several  
sources are tabu la ted  i n  t h i s  s e c t i o n  o f  the repo r t .  

The BIORAD computer code, w r i t t e n  i n  BASIC and designed f o r  con- 
ve rsa t i ona l  use through remote te rm ina l  access t o  the  DEC PDP-10 system, 
est imates doses t o  aqua t i c  p lan ts ,  i nve r teb ra tes ,  f i s h  , and t e r r e s t r i a l  
animals dependent on aquat ic  food suppl ies.  
t r a t i o n  o f  t he  se lec ted  r a d i o n u c l i d e  i n  water o r  i n  sediment. Tables of  

The user  i n p u t s  a concen- 
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BIORAD-computed internal dose - ra t e  f a c t o r s  f o r  f resh-water  and marine 
b i o t a  f o r  104 r ad ionuc l ides  a r e  provided i n  this s e c t i o n  o f  the repor t .  

Es t imat ion  o f  Ind iv idua l  and Population Doses from 
Consumer Products t h a t  Contain Radioac t ive  Mate r i a l s  

The CONDOS Methodology. As an a i d  i n  a s s e s s i n g  the p o t e n t i a l  
r a d i o l o g i c a l  impacts o f  consumer products  w h i c h  conta in  r a d i o n u c l i d e s ,  
a model of the l i f e  span o f  a consumer product  has been developed, to -  
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1 Introduction 

This report presents the out l ine and selected detai l  of a method- 

ology f o r  making estimates of radiation doses t o  man and biota following 

the release of  l i q u i d ,  gaseous, and par t iculate  radioactive matter from 

nuclear f a c i l i t i e s .  The models and data bases described herein have 

been applied to  a number of  environmental assessments by the Radiologi- 

cal Analysis and Assessments Group of the Oak Ridge National Laboratory's 

(ORNL) Environmental Sciences Division. Many of the individual topics 

have been t reated in separate reports and i n  the open l i t e r a t u r e ;  fo r  

some time, however, the need has been expressed fo r  a comprehensive 

treatment which would unify these apparently disparate accounts in to  a 

s ingle  document, where the discussion of the techniques m i g h t  proceed i n  

the special context of the problems of environmental assessment, and 

t h e i r  in te r re la t ion  m i g h t  be c la r i f ied .  

report represents a step toward this goal and will provide a basis fo r  

refinement and fur ther  development. 

I t  i s  hoped tha t  the present 

The environmental transport  and dosimetry models discussed here . 

may reasonably be considered to be general ly  appl icable when proper 

account is  taken of the assumptions which underlie them. They are 

believed t o  possess a degree of conservatism, i n  the sense tha t  they 

tend to  lead to overestimation of the ultimate dose rate  o r  dose 

commitment t o  man or biota ,  b u t  every e f f o r t  has been made to  minimize 

such conservatism. 

Wherever possible,  sample calculations have been included t o  i l l u s -  

I t  i s  t r a t e  the methods and use of the tables  w h i c h  accompany the text. 

hoped tha t  this approach will  enhance the usefulness of the report f o r  
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readers who are unable t o  u t i l i z e  the computer programs which implement 

the models; such readers should be aware, however, tha t  such a lack of  

access imposes a substantial l imitation upon the i r  a b i l i t y  to apply the 

methodology. Conversely, a l l  readers should recognize t h a t  no collec- 

tion of  computer programs is  capable of automating fu l ly  the process o f  

making an environmental radiological impact assessment; considerable 

experience must support  the judgments which a r t icu la te  the numerous as- 

pects o f  the exercise and arrive a t  the f inal  interpretat ion of resul ts .  

Listings o f  computer codes alluded t o  i n  the t e x t  have been omitted 

from th is  report. Some of the codes are available from the Radiation 

Shielding Information Center, Oak Ridge National Laboratory, P. 0. Box 

X, Oak Ridge, Tennessee 37830; others have not been made available f o r  

d i  s tr i  b u t  ion because of i ncompl e t e  documentation and poten t i  a1 d i  f f i  cul- 

ties o f  implementing them on other computer systems. 

Some of the textual and tabular material in t h i s  r epor t  has been 

excerpted from pub1 ished technical reports of ORNL , w i t h  the permission 

o f  the authors. The compilers accept responsibil i ty fo r  such inaccura- 

cies as ed i tor ia l  revision migh t  have introduced. 
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2 Environmental Transport of Radionuclides 

2.1 Atmospheric Transport 

2.1.1 Description of the AIRDOS Computer Code 

AIRDOS’ is a FORTRAN IV computer code used to estimate annual 

population doses (man-rems) and the maximum annual individual doses 

in an area as a result of releases of radionuclides from a nuclear 

facility. The code can estimate doses resulting from simul taneous 

releases of as many as 36 radionuclides from as many as 6 plant stacks 

or roof vents. Pathways of exposure to man included in AIRDOS are (1) 

inhalation of radionuclides in air, (2) immersion in air containing 

radionucl ides , (3) exposure to ground surfaces contaminated by deposited 
radionuclides, (4) ingestion of food produced in the area, and (5) 

imnersion in contaminated water. Doses are estimated for 1 1  organs, 

including the total body. 

The area surrounding the nuclear facility may be arranged as a 

The grid size 20 x 20 square grid with the facility at the center. 

is specified as input data, 

and dalry cattle, and identification as to whether the area is used 

for food crops, or Is a water area are required as input data for each 

of the 400 grid squares. 

Meteorological data are supplied as input for the atmospheric 

Human population, numbers of beef cattle 

dispersion model used to estimate concentrations of the radionuclides 

in alr and the rates of deposition on ground or water surfaces. A 

terrestrial model developed by Booth and Kaye is used in AIRDOS to 

estimate ingestion o f  radionuclides through food chains to man. 

Ingestion of fish or other food produced from water areas is n o t  

included i n  the present version o f  AIRDOS. 

2 
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External doses from gama radiation from overhead plumes are not 

estimated. This additional external exposure may be important in the 

immediate vicinity o f  a nuclear facility, especially under stable 

atmospheric conditions. Therefore, it should be estimated separately 

where conditions warrant and added to the external doses estimated by 

AIRDOS. 

Population doses are summarized in the output tables of AIRDOS 

in a number of ways -- by nuclides, pathways, and organs, If more 

than 36 radionuclides must be considered in a source term, two or more 

computer runs can be made and the data in the summary tables from each 

run simply added together. The highest individual doses in the area 

for each organ are tabulated for each radionuclide and the highest 

organ doses from all radionuclides in the source term are listed. The 

location of the highest individual dose is specified. 

2.1.1.1 Model Equations 

2.1.1.1.1 Atmospheric Dispersion 

The basic equation used to estimate atmospheric dispersion in 

AIRDOS is Pasquill's Equation3 as modified by Giff~rd:~ 

where 

x = concentration in air at the centerline o f  a plume X meters 
3 downwind from the point of release (curies/m ), 

L 
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Q = uniform emission rate from the stack (curies/sec), 

1-\ = mean wind speed (m/sec), 

Y CJ = horizontal dispersion coefficient (m) , 

0 = vertical dispersion coefficient (m), z 
H = effective stack height (physical stack height, h, plus the 

plume rise, Ah) (m) , 

y = crosswind distance (m), and 

z = vertical distance (m). 

The downwind distance, X, comes into Eq. (2-1) through CJ and 

which are functions of X as well as the atmospheric stability 
Y 

CJ 

category applicable during emission from the stack. Pasquill described 

six atmospheric stability categories ranging from A (very unstable) to 

2’  
3 

I F (very stable). A seventh category, G (extremely stable) has been 

included in AIRDOS. Values for (J and C J ~  as functions of X for each 

of the six original Pasquill categories are the most recent values 

recomnended by the Air Resources Atmospheric Turbulence and Diffusion 

Y 

Lab~ratory.~ The values used for category G were extrapolated from 

values for categories A through F.  

Three options are available in AIRDOS to estimate plume rise, Ah, 

for Eq, (1 ) , These are 

1. B r i g g d  Equations can be used to estimate plume rise resulting 

from buoyancy for cases in which hot plumes are emitted from a stack. 

The rate of heat release from the stack and the average air temperature 

are required input data for this option. 

temperature gradient o f  the air for atmospherlc stability categories 

E, F, and G are required. 

In addition, the vertical 
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2. The equation of Rupp e t  a1 .7 can be used t o  estimate plume 

r i s e  caused by momentum of emitted stack gases. T h i s  equation i s  

Ah = 1.5 vd/p (2-2) 

atmospheric 

Option 

gaseous e f f  

used i f  the 

i n  which 

Ah = plume r i s e  ( m ) ,  

v = ef f luent  gas velocity (m/sec), 

d = stack diameter ( m ) ,  and 

p = wind velocity (m/sec). 

3.  Plume r i s e  i s  designated by the user for  each of  the seven 

s t ab i l  i t y  categories. 

( 2 )  would usually be used for  nuclear plants f o r  which 

uents are near ambient temperatures. Op t ion  (3)  may be 

user desires t o  compute plume r i s e  by another formula. 

For p a r t  of each-year a s tab le  layer o f  a i r  will e x i s t  above a 

less  s tab le  layer. This e f f e c t ,  referred t o  as a l i d ,  r e s t r i c t s  

vertical  dispersion and resul ts  i n  a higher a i r  concentration a t  

ground level than would e x i s t  i n  the absence of a l i d .  

code i t  i s  assumed t h a t  a plume i s  n o t  affected by the l i d  u n t i l  the 

downwind distance, X, becomes equal to 2 XL where XL is  the value of 

X for which az = 0.47L (L  i s  the height of the l i d ) . 8  For greater  

In the AIRDOS 

values of X, vertical  dispersion i s  res t r ic ted  and the a i r  concentra- 

tion of the radionuclide i s  mixed uniformly from ground level t o  the 

l i d .  

Radionuclides released as particu 

affected by gravity d u r i n g  plume trave 

ates  may be substant ia l ly  

. A value for  the gravitationa 
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f a l l  velocity, V for  each radionuclide i s  required i n p u t  data. T h i s  

value is zero for gases and usually zero f o r  most par t iculates .  For 

dense or large par t iculates ,  however, a posit ive value i s  used for  

V and this resul ts  i n  computing a downward t i l t  f o r  the plume. 

This i s  accomplished i n  AIRDOS by decreasing the e f fec t ive  stack height 

i n  Eq. (2-1) by the expression V X/u. 

the plume from going below ground level.  

g’ 

g’  

A built- in protection prevents 
9 

Particulates wil l  deposit on ground or water surfaces a t  a ra te  

that  is the product of  t he i r  concentration i n  a i r  a t  ground level and 

the deposition velocity (m/sec). Deposition velocit ies are dependent 

on surface character is t ics .  Measured values show wide s c a t t e r ,  

averaging about 0.01 m/sec, a value often used fo r  par t iculates  for  

which rel iable  measured values are n o t  available. I t  seems l ike ly  

tha t  par t ic les  which are f a l l i ng  as a resu l t  o f  gravity will deposit 

on surfaces a t  a ra te  a t  l e a s t  as great as their r a t e  of  f a l l .  

recommended, accordingly , tha t  any Val ue used f o r  the deposition 

velocity o f  a radionuclide be a t  l ea s t  as great as i t s  gravitational 

f a l l  velocity. Gases and vapors which react w i t h  surface vegetation 

or dissolve i n  surface water may also be assigned deposition velocit ies.  

Scavenging of radionuclides i n  a plume i s  the process through which 

I t  i s  

rain o r  snow washes o u t  par t ic les  or dissolves gases and deposits them 

on ground o r  water surfaces. The fraction of par t ic les  or soluble 

gases removed by scavenging from a vertical  column of a i r  per uni t  

time d u r i n g  rain o r  snow i s  a, the scavenging coefficient.  

the units of sec” , the rate  of deposition on a surface i s  

If  has 

2 R = a Ch pCi/cm -sec (2-3)  
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3 where C is the average concentration in the vertical column (pCi/cm ) 

and h is the height o f  the vertical column in centimeters. 

The scavenging coefficient used in AIRDOS for each radionuclide 

is the sum of the washout, rainout, and snowout coefficients for 

particles or the coefficient for dissolving o f  gases in rain drops. 

The average concentration in the vertical column used in Eq. (2-3) 

is computed through the use of Eq. (2-1). 

distance from the ground to the bottom o f  the inversion layer (lid). 

A discussion of methods used to estimate scavenging coefficients can 

be found in Meteorology and Atomic Enewgy -- 1968 (Ref. 9). 

The value o f  h is the 

The rate o f  deposition is the sum of the rate from dry deposition 

and the rate from scavenging processes. Surface concentrations for 

a 50-year deposition time, based on radioactive decay constants and 

envlronmental decay constants, when known, are used to estimate g a m a  

doses from surfaces, Deposition rates are used in the terrestrial 

model in AIRDOS to estimate internal 50-year dose commitments through 

ingestlon of food produced in the area, 

Depletion of the plume resulting from deposition is estimated by 

replacing Q, the release rate in Eq. (2-l), by Q', a reduced release 

rate which is Q - D where D is the correction for the amount o f  the 

radionuclide deposited by the plume from the point o f  release to the 

point of consideration. Computer subroutines are used in AIRDOS to 

estimate Q ' / Q  for dry deposition. The exponential factor e 

used to correct for plume depletion by scavenging processes, 

-@t is 

The code makes use of Eq. (2-1) to compute annual average concen- 

trations in air and rates o f  deposition on ground and water surfaces 
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for each of 16 compass directions emanating from the stacks of the 

facility. The annual frequencies for the 16 wind directions, true 

average and reciprocal -averaged wind speeds for each direction, and 

annual frequencies of the seven atmospheric stability categories for 

each wind direction are required as input data. 

trations from Eq. (2-1) are averaged over each of the 16 sectors and 

then converted to a square grid specification. 

accomplished as follows: For each value of X, the downwind distance 

used for Eq, (2-1), a series of x values are calculated as a function 
of y, the crosswind distance, 

the 22.5’ sector, 

account in AIRDOS. 

The resulting concen- 

The averaging is 

These x values are then averaged over 
Radioactive decay during plume travel is taken into 

2.1.1.1.2 Dose Estimation 

Doses are estimated both for ind-fviduals located at and beyond 

the site boundary of the facility releasing the radioactivity, and 

for the populations living within specified distances from the radio- 

activtty release point. Assumptions and dose conversion factors used 

in the calculations are presented in later sections of this document. 

Individual Dose 

Dose conversion factors for external doses from imnersion in 

contaminated air, submersion in contaminated water as by swimning in 

a home pool subjected to surface deposition from plumes, and exposure 

to contaminated ground surfaces are supplied as AIRDOS input data. 

When radionuclide decay chains are involved, equilibrium condltions 
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are  assumed and the dose conversion factors  f o r  parent radionuclides 

include dose contributions due to  daughter radionuclides. 

In AIRDOS the external dose t o  each organ is estimated as  equivalent 

t o  the total-body dose, and i t  is  added t o  the 50-year internal dose 

commitment result ing from inhalation and ingestion for  each organ. A 

version o f  AIRDOS is i n  preparation which will estimate external doses 

t o  each reference organ separately. 

Dose conversion factors  for internal doses from inhalation and  

ingestion are  supplied as  AIRDOS i n p u t  data for each radionuclide fo r  

total  body and for each reference organ for tha t  radionuclide. For 

those organs not  i n  the reference organ l i s t ,  internal doses a re  es t i -  

mated through the use of the dose conversion factors  for to ta l  body. 

Population Dose 

The to ta l  dose received by an exposed population due t o  releases 

from a f a c i l i t y  is  estimated by summation of individual dose estimates 

w i t h i n  the population. 

of population dose from most nuclear f a c i l i t i e s ,  

describing the geographical area surrounding a f a c i l i t y  as a c i r c l e ,  

w i t h  the f a c i l i t y  s i t e  a t  the center of the c i r c l e ,  which i s  then sub-  

divided i n t o  16 wedge-shaped sectors of  22.5' each (corresponding t o  the 

16 compass direct ions) .  In addition, annuli representlng distances from 

the s i t e ,  and typical ly  extending u p  t o  50 miles, are  delineated, 

Two methods are  currently used i n  the estimation 

One method involves 

The 

combinatlon of annular and sector markings delineates numerous segments. 

For each segment, the average individual to ta l  -body dose estimated fo r  

the midpoint of the segment is  multiplied by the population contained 

w l t h l n  t h a t  segment t o  estimate the population dose. Sumning a l l  the  
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segment popu la t i on  doses y i e l d s  an est imate o f  popu la t i on  dose f o r  t h e  

f a c i l i t y .  

The second method, t h a t  u t i l i z e d  almost e x c l u s i v e l y  i n  research 

s tud ies  and environmental r e p o r t s  and statements undertaken by t h e  

Environmental Sciences D i v i s i o n ,  i nvo l ves  us ing  a g r i d  square system, 

by which a f a c i l i t y  s i t e  i s  l o c a t e d  i n  the cen te r  o f  a 20 x 20 g r i d  

system. The average i n d i v i d u a l  t o ta l -body  dose i s  est imated f o r  t h e  

midpoint  o f  each g r i d  square, m u l t i p l i e d  by the popu la t i on  r e s i d i n g  

w i t h i n  the geographic area descr ibed by t h a t  square, and the  popu la t i on  

doses f o r  each g r i d  square accumulated t o  est imate t o t a l  popu la t i on  

dose. 

mates presented i n  the A IRDOS sample problem (Sect ion 2.1.1 .2). 

This system was employed t o  generate the popu la t i on  dose e s t i -  

T y p i c a l l y  t he  average i n d i v i d u a l  doses are expressed i n  rem, t h e  

populat ion i n  numbers o f  persons, and the  popu la t i on  dose, l o g i c a l l y ,  

i n  terms of  man-rems. Fo r  example, i f  the average to ta l -body dose t o  

an i n d i v i d u a l  l i v i n g  a t  the midpoint  o f  a g r i d  square c o n t a i n i n g  1000 

people was est imated t o  be 1 m i l l i r e m  (0.001 rem), then t h e  est imated 

popu la t i on  dose f o r  t h a t  g r i d  square would be 0.001 rem x 1000 persons 

o r  1 man-rem. Although est imates o f  popu la t i on  dose r e l a t e  t o  t o t a l -  

body doses, popu la t i on  organ doses may be a t t a i n e d  by s u b s t i t u t i o n  o f  

average organ doses i ns tead  o f  t o ta l -body  dose est imates.  Since most 

s t a t u t o r y  dose l i m i t s  are based on a y e a r  o f  exposure, the corresponding 

u n i t s  of  popu la t i on  dose most o f t e n  encountered are man-rems/year. 

Because of  t he  s imple r e l a t i o n s h i p  t h a t  e x i s t s  between populat ion,  

average i n d i v i d u a l  dose, and popu la t i on  dose, one may e a s i l y  so lve 
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for  one given the other two, i f ,  for example, cross-checks are 

des i red. 

yqyT Qi2 .1  .1.2 AIRDOS Sample Problem 

To demonstrate the capabi l i t ies  o f  the AIRDOS code, a sample 

problem i s  shown i n  Tables 2-1 through 2-3. Tables 2-1 and 2-2 

present a 1 i s t i n g  of radionucl ide-independent and -dependent variables,  

respectively, while Table 2-3 shows representative code output. 

person l iving i n  the area i s  assumed to ingest  beef, m i l k ,  and vege- 

table crops produced w i t h i n  the e n t i r e  400-square g r i d  surrounding the 

nuclear f a c i l i t y .  

three foods t o  supply the population w i t h i n  the area,  the d e f i c i t  f o r  

each of the three foods i s  assumed to  be supplied by imported uncontami- 

nated food. 

contained i n  Table 2-2, radiation doses by organ and by exposure pathway 

are calculated w i t h  AIRDOS. 

Each 

I f  the 400 g r i d  area does not produce enough of these 

By application of appropriate dose-conversion factors 

2.2 Resuspension o f  Radioactive Material by Wind Action 

I t  is becoming increasingly important to  evaluate the future 

impact of current and proposed industr ia l  operations upon the sur- 

rounding environment. The atmospheric transport  o f  contaminants i s  

one important aspect of this overall evaluation f o r  a par t icu lar  

ins ta l la t ion .  Several models have been developed t o  determine the 

dispersion and removal of pollutants emitted from point sources 

and urban area sources . l l  Another type of atmospheric transport 

model which t r e a t s  the movement by wind o f  toxic substances once 

10 
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they have been deposi ted upon the  ground i s  descr ibed i n  t h i s  sec t ion .  

One case f o r  which t h i s  model cou ld  be usefu l  i s  t he  ana lys i s  o f  t h e  

f u t u r e  spread o f  a r a d i o a c t i v e  ground s p i l l ;  a second case i s  t h e  

atmospheric t ranspor t  o f  uranium m i l  1 t a i l i n g s  dus t  con ta in ing  long- 

l i v e d  r a d i o a c t i v e  isotopes. 

the concent ra t ion  o f  r e s p i r a b l e  p a r t i c u l a t e s  downwind from t h e  s i t e  t o  

est imate the  p o t e n t i a l  dose t o  the  lungs. F ine  p a r t i c l e s  ( s i l t  and 

c l a y  s i z e s )  may be brought i n t o  suspension i n d i r e c t l y  due t o  t h e  mot ion 

o f  sand gra ins  . 

I n  p a r t i c u l a r ,  i t  i s  o f  i n t e r e s t  t o  know 

2.2.1 Model Equations 

The equat ions developed t o  model the  resuspension o f  p a r t i c l e s  by 

wind a c t i o n  employ symbols conta ined i n  the f o l l o w i n g  l i s t ,  w i t h  t h e  

respec t ive  u n i t s ,  expressed i n  terms o f  l eng th  (L), mass (M), and t ime 

(T) i nc luded  w i t h  each symbol. 

Symbol D e f i n i t i o n  (Un i t s )  

m mass o f  a sand g r a i n  (M) 

!3 g r a v i t a t i o n a l  acce le ra t i on  ( L T - ~ )  

a sand g r a i n  p i v o t  angle 

d diameter o f  a sand g r a i n  (I;) 

rl dens i t y  o f  g ra ins  (ML'3) 

P dens i t y  o f  a i r  (ML-3) 

B drag fo rce  cons tan t  

k von Karman I s cons tan  t 
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distance above ground for which wind speed approaches 

zero (L) 

friction velocity (LT-~) 

wind speed at a height z above the ground (LT-l) 

height (L) above ground for measurement o f  wind speed v 

threshold wind speed (LT-l) 

standard grain diameter (L) 

experimental sal tation constant 

saltation rate (ML T ) 

dust suspension rate (ML T ) 

effective dust suspension rate modified by dry deposition 

(ML- T ) 

ratio o f  suspension to saltation (L-’) 

ground level air concentration (ML-3) 

weight of suspended dust (ML T 

mass of suspended dust (M) 

energy required to extricate a mass of dust mD (ML T 

scale factor to relate aerosol flux measurements at 

different heights 

y and z atmospheric stability coefficients to express 

plume dispersion (L) 

effective height for dust emission (L) 

radius of a dust particle (L) 

deposition velocity (LT-’) 

-1 -1 

-2 -1 

2 -1 

1 -2 
) 

2 -2 
) 

the wind speed begins to increase across a tailings area, 

individual grains will begin to roll and bounce across the surface in 
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a process known as s a l t a t ion .  'The threshold wind speed for  the onset 

of sa l ta t ion  may be found 1 2 y 1 3  by se t t ing  the moment a b o u t  the sand 

g ra in  pivot point due t o  the par t ic le  weight (mg) equal to  the moment 

due t o  the drag  force FD ( F i g .  2-1) .  

d d mg sina 7 = FD cosa 

If one replaces the par t ic le  weight by the gravltatlonal a t t rac t ion  

less  the buoyancy force,  the preceeding equation may be rewritten: 

where 

m = mass o f  the sand grain,  

g = gravitational acceleration, 

a = sand grain pivot angle, 

d = sand g ra in  diameter, 

T-I = density of grains ,  and 

p = density o f  the a i r .  

The drag force f e l t  by the g ra in  is given by 

where 

13 = a constant depending upon the shape of the par t ic le  and the 

extent t o  which i t  protrudes above the laminar boundary layer ,  
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mg 
Fig. 2-1. Force diagram f o r  an i n d i v i d u a l  sand g ra in .  
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The friction velocity V* can be given in terms of the wind velocity 

profile above the ground. 14 

kv 

1 Oge (k) v* = 

where 

v = wind speed at a height z above the ground, 

zo = roughness height (approxfmately 1 cm during saltation), and 

k = 0.4 (von Karman's constant). 

By combining Eqs. (2-4), (2-5), and (2-6) and solving for V, we obtain 

an expression for the threshold wind speed (v,) necessary for saltation: 

(2-7)  

where 

By equating the momentum lost by the air with that necessary to 

keep the sand grains in motion, Bagnoldl* derives the following 

expression for the saltation rate q: 

q = 0 for v < vt 
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where 

d = average grain size for the area in question, 

D = standard grain diameter (250 microns), 

v = wind speed at height z, and 

C = experimental constant depending upon particle size 

distribution (nearly uniform sand, C = 1.5; naturally 

graded sand, C = 1.8; wide range of grain sizes C = 2.8). 

Although Eq. (2-7) indicates that the threshold wind speed decreases 

with decreasing particle diameter, this expressinn is no longer valid 

for particle diameters below 80 microns. Dust-sized material cannot 

be directly transported into the air by turbulent diffusion since the 

drag force on such small particles partially submerged in the laminar 

boundary layer is not concentrated on an individual particle. The 

process of dust suspension is instead assumed to take place as a 

direct consequence of the saltation mechanism. We may suggest a 

dimensional argument for determining the functional relationship between 

saltation and suspension rates. 

particles per unit area per unit time will be directly proportional to 

the saltation rate of and inversely proportional to the distance between 

ground impacts, 

by Bagnold" as a function of wind speed. From these data the range of 

the sand grains can be shown to vary approximately as vlq7. The number 

The number of ground impacts of saltating 

The distance between ground impacts has been measured 

o f  cohesive ''bonds" which may be broken between the fine particles and 

the sand grains should be proportlonal to the kinetic energy (1/2 mv ) 

of the saltating grain. The suspension rate Qs should then be roughly 

proportional to the saltation rate g. 

2 
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\ 

- YWD - -  
E 

(2-9) 

(2-10) 

where 

wD = weight of a mass of suspended d u s t  mD; 

E = energy required t o  break loose a mass of d u s t  mD and 

l i f t  i t  th rough  the laminar boundary layer which i s  

usually a few microns i n  thickness; and 

y = dimensionless scale factor  which will depend upon the 

height above the ground for which the aerosol f l u x  i s  

measured i n  addition t o  the wind speed and concentration 

prof i 1 es . 
E The magnitude of - would i n  turn depend upon the moisture content 

of the soil and the pa r t l c l e ' s l ze  d i s t r t b u t i o n ,  

agrlcultural  erosion by Gi l l e t t e  e t  a1 .15 one can infer  a value for  

K of about 1015m-1 for aerosols i n  the s ize  range of 0.4-6 microns a t  

a distance of 3.75 meters above the ground, 

6 microns s e t t l e  out while those smaller t h a n  0.4 microns tend to  form 

rather s tab le  aggregates which are d i f f i c u l t  t o  break apart by impaction. 

T h i s  value of K is  based upon only one simultaneous determination of 

suspension and sa l ta t ion  rates and should rea l ly  be measured for  the 

particular area i n  question or calculated from a microscopic model 

mD 
. From the studies of 

Dust par t ic les  larger than 
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which treats the impaction process in more detail. 

are also needed to actually specify the functional dependence (if 

indeed one exists) between the suspension and saltation rates. 

is some recent experimental evidence which supports the sal tation- 

suspension proportionality assumption for the case of plutonium resus- 

pension from a contaminated soil area. 

More measurements 

There 

14 

The ground level air concentration of dust downwind from the 
10 tailings site can be calculated by use of the Gaussian plume equation 

with a modification to account for plume depletion16 due to dry deposi- 

tion. The ground level air concentration GS(x,y) at a distance x down- 

wind and a distance y crosswind from an element of area 6A is given by 

where 

f = deposition velocity, 

a ,Q = y and z stability coefficients (m) to express plume 
Y Z  

(2-11) 

dispersion , and 
h = effective source height for dust emission (3.75 m to 

correspond to average measurement height used by Gillette 
15 et a1 . ) 
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2.2.2 Sample Ca lcu la t ions  

For an i n i t i a l  a p p l i c a t i o n  of the model we cons ide r  a square  

t a i l i n g s  a r e a  of s i d e  L t o  be an a r e a  source  w i t h  the wind blowing 

w i t h  speed v and d i r e c t i o n  perpendicular  t o  one of  the sides (Fig .  

2-2). 

w h i c h  i s  i n  t u r n  subdivided i n t o  small square a r e a s .  

p o s s i b l e  t o  write the fo l lowing  express ion  f o r  the ground l eve l  a i r  

concen t r a t ion  of d u s t  S(xo,yo) a t  the p o i n t  (xo,yo) w i t h  the o r i g i n  

of  coord ina te s  loca t ed  i n  the center of the square .  

Let us d i v i d e  this square  i n t o  many p a r a l l e l  s t r i p s ,  each of  

I t  i s  t h e n  

S(X0 ’YO ) = s  xo+L/2 dx Y2-’0 nu dy ‘S CT v exp($) ex($) 
2uZ xo-L/2 -L/2-yo y z 

(.2-12) 

As a sample c a l c u l a t i o n  we compute hourly s a l t a t i o n  r a t e s  and 

ground l eve l  air concen t r a t ions  of d u s t  for a d r y  t a i l i n g s  a r e a  20Om 

on a s i d e  dur ing  a windstorm whose wind speed a s  a func t ion  o f  time 

is given by the t r i a n g u l a r  d i s t r i b ~ t i o n ’ ~  shown i n  F ig .  2-3. The 

first step i n  the c a l c u l a t i o n  is  t o  determine f o r  each hour ly  wind 

speed va lue  the l a r g e s t  p a r t i c l e  d iameter  for w h i c h  s a l t a t i o n  can 

occur. With  this upper bound f o r  the p a r t i c l e  diameter  t o g e t h e r  w i t h  

the lower bound of 80 microns,  the average hour ly  s a l t a t i o n  d iameters  

are c a l c u l a t e d  from the fo l lowing  p a r t i c l e  size d i s t r i b u t i o n .  
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Fig. 2-2. Diagram o f  an idealized tailings area. 
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Fig.  2-3. Wind speed as a f u n c t i o n  o f  t ime f o r  a t y p i c a l  dust  

storm. 
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0-5 a 

6-80 

81 -300 

301 -600 b 

Particle Size Distribution (by Weight) 

Diameter Range (Microns) Percentage 

20 

20 

30 

30 

Once the average saltation part 

and suspension rates can be computed 

total suspension rate Qs (by weight) 

cle size is found, the saltation 

In the present calculation the 

i s  uniformly distributed over the 

0-5 micron diameter range, which is the same range considered by 

Gillette et a1 . 15 

The atmospheric stability coefficients 0 and crz are parameterized Y 
in terms of an expression determined by 6riggsl8 from a fit to experi- 

mental plume dispersion data. 

CT and o2 are given by 

For a "C" stability (slightly unstable), 

Y 

0.llx 
c I =  

$7mmiY 

The remaining input variables with their numerical values are 

given below: 

a The 0 to 5 micron diameter size class is selected t o  estimate air 

concentration of potentially respirable particles (< 5.0 11). 

Grinding of uranium ore gives maximum diameter o f  tailings particles 

o f  approximately 600 microns. 

b 



q (density 

p (density 

f (deposit 

h = 3.75 m 

L = 200 m, 
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3 of particulates) = 2.6 gm/cm , 

of air) 

on veloc 

(average 

yo = 0, and 

zo = 1 cm. 

= 0.122x10-~ gm/cm 3 , 

7 tY 1 = 1 cm/sec (rough.average o f  

deposition over grassland), 

measurement height used by Gillette et a1.l5), 

The resultant sal tation and suspension rates for tailings dust 

and ground level air concentrations [S(lOO m, 0), S(lOO0 m, 0), and 

S(lOOO0 m, O)] as a function of time are given in Figs. 2-4 through 

2-6. 

those most pertinent to an area's source materials and meteorology. 

Results given here for checking the program are not necessarily 

The calculations do emphasize in a quantitative manner how much 

of the estimated transportation of material by sal tation occurs during 

a few hours o f  highest wind during the middle o f  a windstorm - as much 
as may occur in many weeks or months if sandstorms are exceptional. 

Because transport increases as the cube of wind velocity, average winds 

for a region are meaningful only insofar as they are correlated with 

peak winds. 

Particles of silt and clay are readily transported by much lighter 

winds than are required for intense sand transport. 

calculation is based upon a model which depends on the sand transport to 

initiate upward motion of  the finer fractions into the layers of air which 

can sustain motion, If there is disturbance of fine materials (as by foot 

However, the present 
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F i g .  2-4. S a l t a t i o n  a s  a f u n c t i o n  o f  time c a l c u l a t e d  from the 
wind speed curve shown i n  Fig. 2-3. 
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Eq. (2-9 
2-5. Suspension rate for dust (0-5 microns) cal 

and the saltation rate given by Fig. 2-4. 
culated f rom 
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Fig.  2-6. Ground-level a i r  concentrat ions of  dus t  (average 
p a r t i c l e  diameter 3 microns) a t  d is tances o f  100, 1000, 10,000 m from t h e  
cen te r  o f  a square t a i l i n g s  area (200 m on a s ide ) .  
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or vehicle traffic over dry or hard surfaces) then there could be 

significant transport when the wind velocity was still too low to cause 

resuspension by the mode of saltation impact suggested here. The data 

for a typical problem solved by this resuspension code is shown in 

Table 2-4, with the output presented in Table 2-5. 

For a second application of the model we shall consider Radium-226 

ground level air concentrations measured in the vicinity of an actual 

uranium mill tailings pile at Tuba City, Arizona. This area was the 

subject of a four day study during May 1967 by the Southwestern 

Radiological Health Laboratory.” A diagram of the tailings area 

showing the location of three of the air sampling stations (1, 7, and 

10) is given in Fig. 2-7. 

concentrations of Radium-226 (in pCi/m ) measured during the four-day 

period, 

be from the west for most of the period and the wind speeds were esti- 

mated at 15 to 30 mi/hr. .The Radium-226 concentration in the tailings 

material was reported to be 980 pCi/g. 

tailings area is composed of carbonate and acid tailings. 

size distributions of acid and carbonate tailings from a similar areaa 

This figure also shows the average air 
3 

The predominant wind direction at the site was reported to 

As shown in Fig. 2-7, the 

The particle 

are given be1 ow 

aParticle size distribut 

collected from two acid 

ons were determined from tailings samp 

leach and one carbonate leach mills. 

es 
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Acid Carbonate 

Diameter Range Percentage Diameter Range Percentage 
(microns) (microns ) 

0-1 0 10 0-1 0 30 

11 -80 24 11 -80 23 

81 -300 

301 -600 

31 

35 

81 -300 

301 -600 

22 

25 

The suspension t o  sa l ta t ion  r a t i o  and the deposition velocity for  

suspended par t iculates  were again taken t o  be 10 m and 1 cm/sec, 

respectively. The physical extent o f  the t a i l i ngs  area was approximated 

by f i t t i n g  squares of different s ize .  

was chosen fo r  the calculation t o  approximate a sunny windy day. 

predicted ground level a i r  concentrations of Radium-226 a t  the three 

s ta t ions  as a function of wind speed (measured a t  1 m )  a re  given i n  

F i g .  2-8 i n  addition to  the average measured concentrations f o r  the 

-5 -1 

The "C" atmospheric s t a b i l i t y  

The 

four-day period. 

the value for s ta t ion 10 has been overestimated. One reason fo r  this 

could be tha t  the average wind direction d u r i n g  the per iod has a more 

northward component. 

w i t h  the model predictions, v iz . ,  estimated values a re  w i t h i n  a factor  

o f  2 t o  15 of observed, when we consider tha t  the suspension t o  sa l ta t ion  

r a t i o  may eas i ly  vary by an order of magnitude from one s i t e  t o  another. 

Clearly any further modeling efforts i n  this area must await more 

accurate and detailed measurements of suspension fluxes i n  re la t ion t o  

meteorological events. 

The predicted concentration fo r  s ta t ion  1 i s  low and 

In any case the r e su l t s  are  n o t  inconsistent 
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location o f  air sampling stations (1,  7, and 10) in addition to average 
ground-level air concentrations o f  radium426 in pCi/m3. Dimensions o f  
tailings pile approximately to the same scale given in Ref.  19. 
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2.3 Terrestr ia l  Transport 

2.3.1 Description of the TERMOD Computer Code 

20 TERMOD i s  a general ized systems analysis coupled-compartment 

code intended fo r  predictions of radionuclide intakes by man through 

consumption of milk, beef, and plant parts contaminated direct ly  by 

deposited radionuclides as well as by uptake from the s o i l .  

data base fo r  75 radionuclides i s  included i n  the code. The code i s  

suf f ic ien t ly  versa t i le  fo r  application to a l l  radionuclides released 

t o  a variety of t e r r e s t r i a l  environments, because the interact ive 

nature of the code allows s i t e -  and nuclide-specific parameters t o  

A standard 

be specified from a remote terminal. 

The code has been used in numerous estimates of t ransfer  of radio- 

act ive materials through the t e r r e s t r i a l  environment, including those 

required f o r  environmental impact statements fo r  nucl a r  f a c i l i t i e s .  

The following sections are excerpted from the Proceed ngs of the Third 

National Symposium on which describes the model in f u l l .  

The TERMOD code i s  written i n  BASIC language f o r  use i n  a conver- 

sational mode a t  a remote terminal and i s  designed to  be run on the DEC 

PDP-10 computer system. 

2.3 

rad 

1 . l .  Description of the Methodology 

In developing the model i l l u s t r a t ed  by F i g .  2-9, we assumed tha t  

onuclide deposition i s  the only source compartment and that  man i s  



2-32 

S l  

ORNL-DWG 70- l 1 7 3 3 A R 2  

s2 s 3  

( M I L K  AND MEAT 
PRODUCTION ) 

G i p c i / m 2 )  

I 

S U B SU R FACE 
SOIL POOL FOR 
THE FOOD CROP 

P ( p C i  1 

BEEF 
B (pCi /kg 1 

I 
r b ,  rn r c , r n  

d 2  d 3  

INPUT TO MAN I ( p C i / d a y )  

Fig .  2-9. Coupled compartment diagram of the t e r r e s t r i a l  food 
pathways by which deposited radioactivity can be transferred t o  man. 
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the only receptor compartment of i n t e re s t .  

ferred from the source compartment to the receptor compartment (man) 

t h r o u g h  three main food sources: These 

foods could be produced a t  two d i f fe ren t  locations;  t h a t  i s ,  man's 

food crops could be produced a t  one location and his beef and milk a t  

a different  location. 

i s  deposited on the above-surface food crop, f ract ion S2 i s  deposited 

on the soi l  surface not covered by th i s  food crop, and fract ion S3 is  

deposited on the pasture grass.  

Radioactivity is trans- 

food crops, meat, and m i l k .  

A f ract ion S1 of the i n i t i a l  radionuclide i n p u t  

The food crops include f r u i t s ,  vegetables, and grains.  The 

compartment labeled "Above-Surface Food Crop'' includes a l l  food crops 

exposed d i rec t ly  to the deposited radionuclides. 

compartment was considered to be immediately available fo r  uptake by 

man. 

ment t o  the soi l  surface below w i t h  an environmental half-time of usually 

<30 days.21 Passage from the soi l  surface compartment to  the subsurface 

pool compartment can take several years. Transfer of radioact ivi ty  from 

th i s  l a t t e r  compartment provides the long-term source t o  man. 

Radioactivity i n  t h i s  

The radioactivity passes from the above-surface food crop compart- 

Feedback coupling from the subsurface pool t o  the above-surface 

food was not considered expl ic i t ly ,  since this pathway i s  included i n  

the t ransfer  from the subsurface pool t o  man. Movement of the radio- 

ac t iv i ty  t o  a point below the root zone of the food crop i s  modeled 

as t ransfer  from the subsurface so i l  pool to  the so i l  sink. 

Radioactivity can be transferred from pasture grass to  man through 

his intake of beef or  m i l k .  

through the soi l  compartment is  included t o  account for the movement 

o f  radioactivity into the soi l  and i t s  subsequent uptake by grass roots.  

In F i g .  2-9 a feedback loop t o  the grass 
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The r a d i o a c t i v i t y  can a l so  m ig ra te  below the  r o o t  zone o f  t he  grass t o  

the  s o i l  s i nk .  

The subsurface pool and above-surface food compartments s imu la te  

two pathways (poss ib l y  by the  same crop)  by which man can i n g e s t  r a d i o -  

a c t i v i t y  through consumption o f  foods o the r  than m i l k  and meat. The 

pool compartment s imulates uptake o f  r a d i o a c t i v i t y  v i a  the  s o i l - r o o t  

pathway, w i t h  e q u i l i b r i u m  t rans fe r  t o  the  e d i b l e  food crop, and f i n a l  

consumption by man. 

t r a n s f e r  c o e f f i c i e n t  connect ing the  pool t o  man and a re  n o t  e x p l i c i t l y  

inc luded because o f  a l a c k  o f  q u a n t i t a t i v e  i n f o r m a t i o n  f o r  a l l  nuc l i des  

and because o f  man's i n take  r a t e  o f  r a d i o a c t i v i t y  v i a  t h i s  pathway 

i s  dominated by the  dynamics o f  t he  pool compartment. 

The e d i b l e  p a r t s  o f  the  crop are  i m p l i e d  i n  the  

The above-surface food compartment s imulates t r u c k  crops, f r e s h  

f r u i t s ,  and o the r  per ishab le  f o o d s t u f f s  growing a t  t he  t ime o f  i n i t i a l  

depos i t ion .  R a d i o a c t i v i t y  en ters  the  above-surface food crop by depo- 

s i t i o n  and i s  r e t a i n e d  e i t h e r  by ex te rna l  adhesion to ,  o r  f o l i a r  

absorp t ion  i n t o ,  the  c rop ' s  e d i b l e  pa r t s .  Th is  crop was assumed t o  

be cont inuous ly  harvested du r ing  and a f t e r  rad ionuc l i de  depos i t ion ,  

w i  t h  biomass removal balanced by crop growth. 

I f  the  food crop i s  complete ly  harvested and s to red  a few days 

a f t e r  rad ionuc l i de  depos i t ion ,  t h i s  can be s imu la ted  by s e t t i n g  t o  

zero the  t rans fe r  c o e f f i c i e n t  which connects the  above-surface food 

t o  the  bare s o i l .  Crops p lan ted  on t h e  contaminated l and  subsequent 

t o  the  r a d i o n u c l i d e  depos i t i on  would n o t  be contaminated by t h e  above- 

sur face food pathway i n  our model, s ince  t h e i r  above-ground e d i b l e  

p o r t i o n  would n o t  be exposed t o  the  i n i t i a l  depos i t ion .  These crops 
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1 
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would, however, be contaminated by root uptake of radioactivity which 

migrated in to  the subsurface pool compartment. 

The milk compartment variable C (  t)  (pCi/l i  ter)  i s  the concentration 

of radioactivity i n  milk produced by a cow grazing on the contaminated 

pasture. This compartment simulates the udder of a cow. In this model 

the radioactivity i s  transferred from the grass d i rec t ly  t o  the milk. 

T h i s  simulation was used because the m i l k  of grazing cows can be i n  

t ransient  equilibrium w i t h  the forage radioactivity a f t e r  two days 

and because data were not available t o  derive a more detailed m i l k -  

pathway model fo r  each radionuclide. 

22 

The beef compartment variable B(t) (pCi/kg) is  the radioactivity 

i n  the meat or  muscle of c a t t l e  grazing on the contaminated pasture. 

As i n  the m i l k  compartment, the t ransfer  of radioactivity i s  d i rec t ly  

from the grass t o  the meat. 

because of radioactivity decay, biological elimination, and slaughter 

of the c a t t l e .  The mass i n  the beef compartment remains constant, 

because uncontaminated c a t t l e  a re  added t o  the herd, and growth of 

the c a t t l e  is  assumed t o  balance the slaughter. 

Radioactivity leaves the beef compartment 

Each "d" fac tor ,  d13  d2, dg ,  and d4, is  a product of dietary factors 

and decontamination factors .  The dietary factors account fo r  differences 

between the d ie t  of the population under study and tha t  of reference man. 

These variations may be due - to  factors such as age or  ethnic characteris- 

tics. Decontamination factors  include a l l  losses of radioactivity between 

harvest and consumption. Physical mechanisms of decontamination include 

washing, peeling or shell ing the above-surface food, cooking the meat, 

and processing the m i l k .  Radioactive decay was expressed i n  the d factors 
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- A  h by the  term e R k, where hk i s  the  t ime  i n  days between ha rves t  and 

consumption o f  food from the  k a  pathway. 

For most b u t  n o t  a l l  s i t u a t i o n s ,  t he  c a l c u l a t i o n s  w i t h  TERMOD 

a r e  probab ly  conserva t i ve  because (1) man’s t o t a l  food supply was 

de r i ved  from the  contaminated land, (2 )  r a d i o a c t i v i t y  t r a n s f e r s  f rom 

the  immediate environment by wind r e d i s t r i b u t i o n ,  water r u n o f f ,  e t c . ,  

c a t t l e  were d e r i v e d  

oss mechanisms 

s o i l  s i n k ,  and 

were neglected, (3)  the  e n t i r e  food needs o f  the  

f rom the  contaminated pasture,  and ( 4 )  the  o n l y  

i nc luded  were r a d i o a c t i v e  decay, movement t o  the  

metabo l ic  t u rnove r  i n  the  c a t t l e .  

However, severa l ,  sometimes nonconservat ive,  s i m p l i f y i n g  assump- 

t i o n s  were made. 

i s  f rom pas ture  s o i l  t o  pas ture  grass.  

re tu rned  t o  the  pas tu re  s o i l  , and feedback i n  the  food  c r o p - s o i l  

For example, the  o n l y  feedback l o o p  modeled e x p l i c i t l y  

C a t t l e  exc re t i ons  were n o t  

subsystem was inco rpo ra ted  i n t o  the  d i r e c t  t r a n s f e r  f rom pool  t o  man. 

Likewise, r a d i o a c t i v i t y  uptake by c a t t l e  f rom a i r  i n h a l a t i o n  and water 

consumption was neglected. 

more d e t a i  l e d  model i ng e f f o r t s  on se lec ted  nuc l  i des ( ’  31 I , 

’OS,) i n d i c a t e d ,  they  were o f  second-order importance,22 and ( 2 )  i n c l u s i o n  

o f  more feedback loops would r e q u i r e  more e labo ra te  modeling, p a r t i c u -  

l a r l y  o f  t he  c a t t l e - p a s t u r e  subsystem f o r  which c o e f f i c i e n t s  were 

unavai 1 ab1 e f o r  many nucl i des .  

These assumptions were made because (1  ) 

37Cs , and 

2.3.1.2 Model Equations 

and T ( F i g .  2-9), 

were considered a f u n c t i o n  o f  t he  element be ing  modeled ( i . e . ,  t he  
g,b’ ‘ g d  P Ym 

Three t r a n s f e r  c o e f f i c i e n t s  , T 
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numerical value ass 

fo r  each element). 

gned each of these coeff ic ients  i s  d 

Conversely, the t ransfer  coeff ic ient  

f f e ren t  

T was e ,m 
not considered a function of each element, b u t  since i t  was derived 

from several parameters, i t s  derivation i s  included below. A single 

value or a s e t  of  values was selected for  the r e s t  of the t ransfer  

coeff ic ients  ( i  .e .  , they were n o t  considered a function of the radio- 

nuclide).  These were selected w i t h  the objective tha t  (1)  the model 

be r e a l i s t i c a l l y  conservative, ( 2 )  the dependent variables simulate 

a r e a l i s t i c  dynamic behavior, and ( 3 )  the biomass and radioact ivi ty  

be conserved. That n o t  a l l  of the t ransfer  coeff ic ients  were d i f fe ren t  

for each element or radionuclide re f lec ts  a lack of quant i ta t ive infor- 

mation a b o u t  the movement of a l l  radionuclides to  man by the pathways 

cons i dered . 
Formulation of the system equations. The equations (def ini t ions 

of the terms, the i r  un i t s ,  and sample numerical values i f  constant a re  

given i n  Tab1 e 2-6) descri b i n g  the t ransfer  of deposi ted rad i  onucl ides 

(2-1 3)  

(2-1 4) 

(2-1 5 )  

(2-16) 



(2-1  7 )  

(2-1 8) 

(2-19) 

(2-20) 

I = dlTeym E + d2Tp,mP + d3Tbym B + dqTcYmC Y 

- ( A R  + A e ) M  Y 
dM - 1 

(2-21 ) 

(2-22) - _  
d t  

F ( t )  = F 0 6 ( t )  . (2-23) 

These equations express the change w i t h  time of the radioact ivi ty  

i n  each compartment as the difference between i n p u t s  t o  the compartment 

and losses from the compartment. 

for a compartment is  represented i n  F i g .  2-9 as a connecting arrow 

between tha t  compartment and another compartment w i t h  i t s  corresponding 

t ransfer  coefficient.  

Each g a i n  or loss term i n  the equation 

Derivations o f  T T and T ,,,.T ,,,. The t ransfer  coeff ic ient  

was derived for standard man (d2  = 1) from the r a t i o  of the equi- 
P,my 9 YC 

T 

librium concentrations of s table  nuclides i n  soil to  the i r  total-body 

concentrations i n  man as reported by Ng e t  a1.23 and the ICRPy24 

P Y m  

respectfvely. A constant source Q of a par t icular  nuclide was substi-  

tuted for  AT S as the i n p u t  t o  the subsurface pool and equilibrium 
SYP 
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conditions were established i n  th i s  compartment and i n  man, w i t h  

T , and T se t  equal t o  zero t o  ensure conservatism i n  the model. 

The expression for the equilibrium concentration i n  the subsurface pool 
c,m b ,m 

and the expression for the equilibrium concentration i n  man were deter- 

mined from the time-dependent forms of Eqs. (2-15) and (2-22) :  

(2-24) 

where XR i s  zero, since the stable form of the element was considered 

i n  th i s  derivation. Units of grams were used for P and M i n  our 

determination of the t ransfer  ra te  of the s table  element from the 
eq eq 

soil  t o  man. Equation (2-25) was solved for  T - p,m' 

(2-26) 

where we assumed t h a t  Xe would n o t  be changed by the s l i gh t  additional 

intake of the nuclide i n  question. 

To determine M and Peq, the gram weight of soi l  available per eq 
man for  food production was defined as V s ,  the gram weight of the 

nuclide of in te res t  i n  the soi l  per 10 g of soi l  as Cs, the density 

of the soil  as p (1.4 g/cm ), the surface area required per man for 

food crops as A (10 m ), and the plow layer depth as d (20 cm). 

6 

3 

3 2  

The equation for  V s  was written as 

4 2 2  3 8 = A(m2/person) x 10 (cm /m ) x d(cm) x p(g/cm = 2.8 x 10 g/perSon 
vS 

(2-27) 
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From the def ini t ion of Cs ,  the relationship between P and V s  i s  eq 

(2-28) 

23 The values of Cs were taken from Table 4 of the report by Ng e t  a l .  

The values o f  M for most of the nuclides are  l i s t e d  i n  Table.6 of 

the report  by the ICRPy24 and they apply to  a 70-kg s tandard  man. 

values of M fo r  nuclides n o t  included i n  t h i s  table were derived 

from the equation 

eq 
The 

eq 

( 2- 29) = ( C B )  x 70 x 10 3 6  /10 y 

Meq 

where the values for  C B ,  the elemental concentrations in man (ppm) ,  

were taken from Table 5C of Ng's handbook. 

For th i s  derivation of T we assumed t h a t  man's to ta l  dietary 
P Y m  

needs were supplied by the pool which i s  correct  fo r  dl = dg = d4 - - 
0 b u t  conservative for  any other d ie t .  

(except perhaps for  water) by s t i p u l a t i n g  t ha t  man's dietary needs be 

This conservatism can be removed 

balanced by his ingestion, which requires t h a t  I 

AR = 0 i n  E q .  (2-22)l and places a constraint  upon the d fac tors .  

= AeMeq [dM/dt = 
eq 

Derivation of T required consideration of the intake o f  
T9,c' QYC 

radioact ivi ty  by a cow. The term G / D  (pCi/kg) i s  the radioact ivi ty  per 

dry weight ( k g )  of grass.  

weight of grass consumed by a cow each day (kg/day), yields  the amount 

of radioact ivi ty  transferred t o  a cow each day from consumption of grass.  

9 
Multiplication of t h i s  term by V c y  the dry 

The loss term from the grass compartment due to  grass consumption 

by a cow is expressed on a per-unit-area basis as required i n  E q .  (2-16) 
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4 2  by d i v i s i o n  by A the  pasture area u t i l i z e d  pe r  cow (10 m ) .  Growth 

o f  grass i s  assumed t o  balance t h i s  l o s s  o f  grass f rom graz ing  by the  
g '  

cow. 
2 The u n i t s  o f  T are  m / l i t e r - d a y ,  and t h i s  t r a n s f e r  c o e f f i c i e n t  

must i nc lude  a f a c t o r  t h a t  represents  the  f r a c t i o n  o f  the t o t a l  uptake 
QYC 

o f  a p a r t i c u l a r  n u c l i d e  t h a t  i s  t r a n s f e r r e d  t o  the  udder pe r  l i t e r  o f  

m i l k  i n  the  udder. The t o t a l  uptake by a cow has been shown t o  be 

(V /D )G. Thus T 

the udder capac i ty  i n  l i t e r s .  

der ived  from the tabu la ted  values o f  fm i n  Table 3 o f  Ng e t  a l .  

Parameter fm i s  de f ined by the expression 

i s  some f r a c t i o n  fm' times ( V  /D ) d i v i d e d  by U, c 9  g YC c 9  
The constant  fm' f o r  each n u c l i d e  was 

23 

I 
fm (days/ l  i t e r )  

kg o f  element i n  m i l k  kg o f  element i n p u t  t o  cow 
l i t e r  o f  m i l k  I day 

- - 

M u l t i p l i c a t i o n  o f  fm by the m i l k  produced pe r  cow pe r  day, Vm ( l i t e r s /  

day), y i e l d s  

I 
fl)l (dimensionless) = Vmfm 

kg o f  element i n  m i l k  kq o f  element i n p u t  t o  cow 
day I - - 

day 

which i s  the f r a c t i o n  des i red.  The express ion f o r  T i s  
Q Y C  

s ince Vm/U = 2.0. 

(2-30) 
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The t r a n s f e r  c o e f f i c i e n t  T 

l i b r i u m  concentrat ions o f  the elements i n  grass and i n  beef. 

was de r i ved  from the equi-  
L b '  g,b 

We de f ined  

Mb as the mass o f  beef (muscle) on a s t e e r  a t  s laugh te r  and f b  as the 

f r a c t i o n  o f  a s t e e r ' s  elemental uptake t h a t  i s  used i n  producing meat. 

Then 

(2-31 ) 

To determine fb, the increase w i t h  t ime o f  the mass o f  an element i n  

the s t e e r ' s  muscle was expressed as 

dt dMm 'b = n e t  i n p u t  = V c  (A) day x c P b  f , (2-32) 

where Mm i s  the mass o f  the s t e e r ' s  muscle, C i s  the concen t ra t i on  
23 o f  the same element i n  grass as l i s t e d  i n  Table 10A by Ng e t  a l . ,  

P 

and Cb i s  the concen t ra t i on  o f  t h a t  element i n  beef as l i s t e d  i n  Table 

10B by Ng e t  a l .  The d r y  weight of feed r e s u l t i n g  i n  a reasonable average 

weight g a i n  of $0.4 kg/day f o r  an ~ 4 5 0 - k g  f a t t e n i n g  s t e e r  i s  g i ven  by 

Morr isonz5 as ~ 1 0  kg. When t h i s  s i t u a t i o n  e x i s t s ,  dMm/dt equals a 

constant  value, t h a t  i s ,  Kb (kg/day), and Eq. (2-32) can be so lved f o r  

fb: 

(2-33) 

The f a c t o r  4 i n  Eq. (2-33) i s  i nc luded  here f o r  convenience and conver ts  

Vc from d r y  weight t o  wet weight (assuming d r y  weight i s  25% o f  wet 

weight) ,  which makes Vc comparable t o  Kb. 
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A second determination of f b  was made when the stable-nuclide 

excretion r a t e  from the s t e e r ' s  muscle -rexc was known. E q u i l i b r i u m  

conditions were assumed i n  the grass and meat compartments, and E q .  

(2-20) ( w i t h  X R  = 0,  T~~~~ replaced with T ~ ~ ~ ,  and dB/dt  = 0 )  was 

solved for B : \ 

eq 

Beq = T  g , b  G eq /T exc ' (2-34) 

where B 

G 

is grams of the s table  nuclide per wet kg of beef, and 
eq 

is  grams of the s table  nuclide i n  a square meter o f  grass. Substi- eq 
tution of (2-31) in to  E q .  (2-34) and use of the expressions 

Geq = 4D C /lo00 , 
g P  

= cb/loOo Beq 

yielded the second expression from which f b  was determined: 

f b  - - MbTexc c b /4cpvc. 

(2-35) 

(2-36) 

(2-37) 

Equation (2-33) was derived by assuming t h a t  d i lut ion of the 

nuclide concentration i n  beef as due only t o  the s t e e r ' s  growth. 

Equation (2-37) was derived by applying the additional assumption o f  

nuclide excretion from the s t e e r ' s  muscle, which i s  primarily a meta- 

bolic property. T h u s ,  Kb/Mb is a lower l imi t  for  -reXC i n  a fattening 

steer, since the former expression neglects metabolic turnover. 

Thus two sets of constants were available for use i n  E q .  (2-20):  

and T as determined by Eqs. (2-31) and ( 2 - 3 3 ) ,  and ( 2 )  
( l )  'beef g , b  

and T as given by Eqs. (2-31) and (2-37). If  T replacing Tbeef 

Kb/Mb % Tbeef ( i . e . ,  c a t t l e  growth balances s laughter) ,  then the time- 

integrated,  total  pCi input t o  man by the meat pathway i s  the same 

g , b  exc 
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w i t h  e i t h e r  s e t  o f  constants.  

use o f  t he  f i r s t  s e t  o f  constants p r e d i c t s  approximately t w i c e  the 

t ime- in tegrated,  t o t a l  V C i  i n p u t  t o  man as does use o f  the second s e t  

With Kb/Mb = 0.002 and Tbeef = 0.00381, 

o f  constants.  Also, s ince T 

p r e d i c t e d  by the f i r s t  s e t  o f  constants than by the  second s e t .  

second s e t  o f  constants would more n e a r l y  p r e d i c t  the c o r r e c t  dynamics 

> Kb/Mb, a lower uptake r a t e  would be exc 
The 

o f  the uptake, s ince T~~~ i s  an exper imen ta l l y  measured q u a n t i t y .  The 

second s e t  o f  constants i s  preferred, because t h e i r  use enables a more 

r e a l i s t i c  est imate o f  the t o t a l  uptake o f  the r a d i o n u c l i d e .  

D e r i v a t i o n  o f  The t r a n s f e r  of r a d i o a c t i v i t y  from the  above- 

surface food compartment t o  man has u n i t s  o f  VCi/day. 

have u n i t s  o f  m /day [see Eq. ( 2 - Z l ) ] .  

o f  V i n  u n i t s  o f  kg/day, an a rea l  dens i t y  o f  the food crop o f  Of (kg/m2), 

and a food-growing surface area pe r  man o f  A (m ), t h i s  source t o  man 

Thus T ~ , ~  must 

With an i n t a k e  o f  food by man 2 

2 

becomes 

(2-38) 

The term E/Df i s  the concen t ra t i on  of r a d i o a c t i v i t y  (WCi/kg) deposi ted 

on the above-surface food crop. 

food compartment i s  T 

Of, and A, the va lue o f  T 

food was assumed t o  be consumed by a man each day. This l o s s  i n  mass 

was assumed t o  be rep laced by new growth of the food crop. 

The l o s s  term from the above-surface 

/A. From the numerical values assigned t o  V, 
e ,m 

/A  i s  0.0025, o r  0.25% o f  the above-surface e ,m 

We a l s o  assumed t h a t  the above-surface food i s  harvested cont inuously  

and u n i f o r m l y  over the area A. I f  t h i s  l a t t e r  assumption i s  n o t  t r u e ,  
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and i f  T 

should be modified to account fo r  the way i n  which the above-surface 

/A  i s  comparable i n  magnitude t o  X R  + T , then th i s  model e ,m e , s  

food i s  grown and harvested. 

Transfer coeff ic ients  not treated as a function of the element. 

Many of the coeff ic ients  i n  t h i s  model were assigned numerical values 

t h a t  were the same for a l l  elements and radionuclides because (1 )  data 

were not available for each element from which unique t ransfer  coef- 

f i c i en t s  could be calculated; ( 2 )  the t ransfer  for which the coeff ic ient  

applied was a biomass t ransfer  t h a t  was independent of the element or 

radionuclide under study; and ( 3 )  a1 though a unique t ransfer  coeff ic ient  

could have been calculated for each element, t h i s  t ransfer  coeff ic ient  

would have had a negligible e f f ec t  on the t o t a l  i n p u t  t o  man of the 

radionuclide under study. The main objective i n  the selection of 

t ransfer  coeff ic ients  n o t  treated as a function of the element was t h a t  

they be reasonable and conservative. 

When the to ta l  t ransfer  of a radionuclide t o  man was highly dependent 

on any fixed t ransfer  coeff ic ient  (one t h a t  was n o t  a function of the 

element), the t ransfer  was calculated several times using a range of 

values for  t h i s  t ransfer  coeff ic ient .  For example, rather t h a n  

determining a value of T for  each nuclide, we calculated I ( t )  for 
s Y P  

three standard T values of 0.0693, 0.00693, and 0.000693. 
s YP 

A 14-day environmental half-time was assumed for the t ransfer  
26 from the grass t o  the soi l  and from the food crop to  the soi l  surface. 

This assumption enabled determination of T and T . Feedback of 
r i - 9  

9 Yr e , s  
L/ the radioact ivi ty  from the soi l  compartment was assumed t o  be 1% year,  

which determined T . A loss r a t e  of 4%/year from the soi l  compartments 
rYg  



2-46 

t o  the  s o i l  below the  r o o t s  was inc luded i n  the  model as t r a n s f e r  t o  the 

s o i l  s ink27 which enabled de terminat ion  o f  T and T ~ , ~ .  
P Yd 

The parameter -rmilk (2.0 days-’) s i g n i f i e s  t h a t  the  udder i s  

emptied of m i l k  tw ice  each day, and Tbeef s i g n i f i e s  t h a t  a f r a c t i o n  

o f  the  beef herd i s  con t inuous ly  being slaughtered. The t o t a l  mass i n  

the  compartment i s  constant  , because uncontaminated s teers  were assumed 

t o  be added t o  the  herd t o  balance the s laughter .  

f i c i e n t s  T 

i n t a k e  o f  1 l i t t e r  o f  m i l k  and 0.3 kg o f  beef.  The numerical  values 

f o r  the f i x e d  c o e f f i c i e n t s  and t h e i r  u n i t s  a re  inc luded i n  Table 2-6. 

The t r a n s f e r  coef- 

apply  t o  a standard d i e t  c o n s i s t i n g  o f  a d a i l y  and T 
c ,m b ,m 

So lu t i on  o f  the  equat ions.  The time-dependent i n p u t  t o  man o f  

a c t i v i t y  I ( t )  i s  

where 

( 2  -40) 
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(A + A r )  -d  ( A  + A r ) L  - 4(A Ar - 'I 'I r , g  g , r )  Y (2-41 ) 2 A =  2 

A r = A R + '  +'I (2-42) r,g r , d  ' 

' (2-43) Ac - AR + 'milk 

(2-44) beef ' A b  5 A R  + 'I 

' 
A a  = A R  + - e,m t ' (2-45) A e ' s  ' 

P p,m p ,d  ' A = A R + '  + T  (2-46) 

As = A R  + T (2-47) 
S ' P  ' 

(2-48) 

2.3.1.3 Parameters 

The parameters, other t h a n  the radioactive ha l f - l i f e ,  used to  

estimate the intake o f  radioactive materials and the movement of 

radioact ivi ty  through the t e r r e s t r i a l  environment a re  e i the r  element 

dependent o r  independent. Element-dependent parameters are  shown i n  

Table 2-7, and the intake values which were used i n  the dose calcula- 

t ions are  presented in Table 2-8. 

2.3.1.4 Carbon-14 and Tritium 

The environmental transport  and dosimetry of 1 4 C  and t r i t ium require 

special treatments, which a re  discussed i n  the following paragraphs. 
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T r i t i um.  Est imates o f  r a d i a t i o n  doses due t o  d i e t a r y  i n t a k e  o f  

3H a re  made w i t h  t h e  f o l l o w i n g  assumptions. 

T r i t i u m  i s  re leased i n t o  t h e  atmosphere, which i s  assumed t o  have 

an average s p e c i f i c  humid i ty  o f  8 g H20 ( =  0.889 g H) per  cub ic  meter. 

Th is  leads t o  a hydrogen spec i f i c  a c t i v i t y  o f  

3 where 1.04 x i s  the  number o f  grams o f  hydrogen per  C i  o f  H. 

Man's d a i l y  water i n t a k e  i s  1300 g (145 g H) i n  food and 1200 g 

(134 g H) i n  d r i n k i n g  water. 

w i t h  t h e  s p e c i f i c  a c t i v i t y  o f  H i n  t h e  atmosphere, t h e  annual dose 

r a t e  from t r i t i u m  per  u n i t  atmospheric concent ra t ion  (x = 1 C i  mm3) i s  

I f  food i s  assumed t o  be i n  e q u i l i b r i u m  
3 

1.12 C i  (g H ) - l  x 145 g H d-' x l o 6  pCi C i - '  x 365 d y f '  

x 6.156 x rem (WCi ingested)- '  x 10 mrem rem-' 3 

= 3.65 x 10 9 mremyr '  ( C i  m -31-1 

If d r i n k i n g  water i s  assumed t o  be i n  e q u i l i b r i u m  w i t h  t h e  atmospheric 
3 s p e c i f i c  a c t i v i t y  o f  H, t h e  corresponding dose-rate f a c t o r  i s  

3.37 x IO mrem y r - l  per c i  m-3. 9 

For gener ic  dose c a l c u l a t i o n s  i n  which t h e  source and amount o f  

d r i n k i n g  water a v a i l a b l e  i s  unknown, i t  i s  assumed t h a t  atmospheric 
3 3H i s  d i l u t e d  by  a f a c t o r  of 10'. 

inges ted  v i a  food and d r i n k i n g  water i s  3.68 x 10  m r e m  yr-' per  

Therefore t h e  dose r a t e  f o r  H 
9 

c i  m-3. 
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Carbon-14. The method used f o r  calculating the radiation dose t o  

man from a steady release o f  1 4 C  in to  the atmosphere as  C02 is  based 

on the assumption t h a t  the specif ic  ac t iv i ty  i n  human t i s sue  i s  equal 

t o  the average steady-state value i n  the atmosphere. About 99% of the 

result ing dose i s  a t t r ibu tab le  t o  the ingestion (dietary)  exposure 

mode. 

I t  i s  assumed tha t  the atmosphere contains 0.16 g C m-3 and 

tha t  1 C i  1 4 C  = 0.223 g C .  Then the 1 4 C  ac t iv i ty  per g C i n  the 

atmosphere i s  

x/(0.16 + x-0.223) x/0.16 C i  ( g  C)- '  , 

where x i s  the concentration of 1 4 C  i n  the atmosphere ( C i  ~ n - ~ ) .  

An organ of man i n  steady-state equilibrium w i t h  this atmospheric 

specif ic  ac t iv i ty  will have a burden B ( p C i )  o f  1 4 C  expressed by 

6 6 B = 10 MC x/0.16 = (6.25 x 10 ) M C  x (pCi)  , 

where lo6 = pCi C i - '  and M C  = g C i n  the organ. Dose-rate fac tors  

calculated fo r  x = 1 C i  a r e  as  follows: 

-1 Reference organ mrem yr  / c i  m-3 
1 2  Total body 1.28 x 10 

Skeleton 
11 

1 2  
Bone 7.90 x 10 

R .  marrow 2.22  x 10 
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Reference organ mrem y r - l  / c i  m-3 
11 Lung 5.60 x 10 

L i v e r  8.09 x 10l1 

Kidneys 7.24 x 10l1 

Spl een 6.22 x 10l1 

Thyro id 5.87 x 1011 

Testes 4.97 x loll 
12 a G. I. t r a c t  1.03 x 10 

aDose i s  d e l i v e r e d  by contents  o f  lower 
i n t e s t i n e  p l u s  1 4 C  con ten t  o f  t h e  t i s s u e .  

2.3.1.5 TERMOD Sampl e Probl  em 

A rep resen ta t i ve  p r i n t o u t  o f  a TERMOD es t imate  o f  i n t a k e  and i n t a k e  

r a t e  o f  1311 i s  shown i n  Table 2-9. 
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2.4 Movement - o f  Radioact ive Ma te r ia l  i n  Underground Water Seepage 

One o f  the pathways by which l i q u i d  rad ioac t i ve  ma te r ia l s  may 

be t ranspor ted  i n  the environment i s  by t h e i r  movement through the  

s o i l  i n t o  groundwater. Th is  pathway need n o t  be considered f o r  

nuc lea r  f u e l  reprocess ing p lan ts  where t h e r e  i s  no l i q u i d  e f f l u e n t ,  

b u t  i t  must be considered where the re  may be underground seepage, 

such as beneath uranium m i l l  t a i l i n g s  ponds. 

A two-part  computer code, 28929 SOGMOD, was developed by J .  0. 

Duguid and M. Reeves t o  p r e d i c t  the t ime-spa t ia l  r e l a t i o n s h i p s  o f  

contaminant t r a n s p o r t  by groundwater. 

numerical s o l u t i o n  t o  the equat ion governing mois ture i n f i l t r a t i o n  

and r e d i s t r i b u t i o n  i n  unsaturated-saturated media; the second p a r t  

g ives numerical  s o l u t i o n  t o  the contaminant t r a n s p o r t  equation. Both 

p a r t s  use Ga lerk in  f i n i  te-element methods t o  o b t a i n  numerical  s o l u t i o n s  

The f i r s t  p a r t  prov ides 

o f  t h e  governing equations. 

used i n  the second p a r t .  

a c t i v e  decay a re  considered. 

The v e l o c i t y  ou tpu t  o f  the f i r s t  p a r t  i s  

I n  t h i s  ana lys is  both adsorpt ion and rad io -  

The ou tpu t  f rom SOGMOD i s  the  concen- 

t r a t i o n  o f  a given rad ionuc l i de  a t  nodal p o i n t s  w i t h i n  a cross sec t i on  

a t  successive t ime increments. 

SOGMOD i s  w r i t t e n  i n  FORTRAN I V  f o r  an I B M  360-91 computer system. 

2.4.1 Model Equations 

The saturated-unsaturated f l ow  equat ions t h a t  govern the f l ow  

o f  water  through the  porous medium are 
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and 

- 
V = V ( h  + z )  

where 

a’ = modified coeff ic ient  of compressibility o f  the qranular 

skeleton (cm-’ ) , 

(2-49) 

6’ = modified coeff ic ient  of compressibility of water (cm-I), 

8 = moisture content by volume, 

- -  de - specif ic  moisture capacity (cm-l), 
dh  

h = pressure head (cm), 

K = hydraulic conductivity tensor (cm/sec), 

n = porosity, 

t = time ( sec ) ,  

V = velocity vector (cm/sec), 

z = elevation head (cm) . 

E 

- 

The equation i s  nonlinear because of the functional re la t ionship 

o f  the moisture content and conductivity coeff ic ients  and  thus an 

analytical  so’lution ‘may n o t  be obtained. 

which uses Galerkin’s method i n  conjunction with f i n i t e  elements, 

However , the computer code, 

allows a numerical solution of th i s  equation. 

The transport  equation which governs the movement of radionuclides 

through the medium i s  shown as Eq. (2-50):  
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(1 t K p / n )  at a (ec)  = v (el7 VC) - v (VC) - ( I  t K~ p b / n )  
d b  

e (=’ at a h  t A )  ec  (2-50) 

where 

X = decay constant o f  the t racer ,  

= b u l k  density of the medium (g/cm ) ,  ’b 
C = mass of t racer  per unit volume of f lu id  (uCi/ml), 

a = coeff ic ient  of dispersion (cm / s ec ) ,  

Kd = dist r ibut ion coeff ic ient  (ml/g) , 
t = time ( s e c ) ,  and 

V = f lu id  velocity vector (cm/sec). 

3 

2 

- 

2 .4 .2  Sample Probl ems 

Sample problems which demonstrate the use of SOGFIOD, as well as 

f u l l  l i s t i ngs  of b o t h  component computer codes, appear i n  the two ORNL 

technical reports 28 ’29  which describe i n  f u l l  detai l  t h i s  methodology 

for predicting the tirne-spatial relationships of contaminant transport  

by groundwater . 
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T A B L E  2-1 RADIONUCLIDE-INDEPENDENT V A R I A B L E S  FOR A I R D O S  

L I 5 I  (1: I & P I ) I  V A L U E S  F C K  P A C I I Y U C L I C E - I ~ I I ~ E P F I ! C E N T  V A 9 1 A d L k S  

I 
I 

I 
I 

. .  
T K A Y S k F P  H A l F - - A H l l V E - S U ~ ~ A L t  F U l l J  TJ S C I L  SUkFbCE ( P E R  D A Y )  ,: 

T R b U S F F K  R A T F - - P A S T L X F  G K - S h  ILJ P A b T U R E  S C I L  ( P E R  O b Y l  

T R A V S F F K  R A T F - - 5 l l L  D P n L  r i l  i U I L  S I N h  ( P E R  D A Y )  

T K A U S F F . H  R A T E - - P d S T L H E  S O I L  I U  J U I L  > I h K  I F t K  O A Y )  

T K A U 5 F F Q  K A T E - - P A  S T W f  S31L IU  V'uhTUKE G R A S S  I P k N  0 A Y l  

T R b U S F E R  R A T F - - S r l I L  S U k F A L t  lu S v l L  P U C L  I P t R  U b Y l  

+ILL( C A P A C I T Y  (IF THt  C3:itd 1 L I  lthsl 

2 

0 . 8 3 3 U i  30 

0 . 1 5 2 4 t  03 

0.1000c-01 

O . 1 3 C O t  04 

C.1JCOE 05 

C.1OCOE 00 

0.1500E 00 

G.ZDOOE 02, 

C . 4 0 C O E  00 

0.ZCCOF 0 3  

C. 1 4 C O t  01 

O . 1 O O C E  00 

C.Y3COE 00 

0.1JOOE 01 

0.3 9 L OE - 02 

0.2SOOC 01 

C . 3 3 G O t  03 

9.1000' 01 

J.4950t-01 

C. 1 C S 6 E - C 3  ,. 

O . 6 S 3 1 E - 0 3  

0.5500E 01 

0.25COC 09 

0.1OOCF 02 

G.1100E 02 

3 7 7 3 7 6  7.0 

4 ? 0 0 C O O  

4003000 

0.2500E 11 

190.0 

0.4132E 09 

C.1113E 10 

0 . 1 3 7 7 F  10 

C. 16066 11 

0.3444' CY 

D.256SE 10 

0.25COE 00 

0. l O O O t  01 

C . 1 O C O t  01 

0 . I O O O F  01 
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TABLE 2-2 RADIONUCLIDE-DEPENDENT VARIABLES FOR AIRDOS 

L I S T  OF I N P U T  C A T C  FOR h U C L l C F  K P - H 5  

C O U C F Y T R A T I J V  O F  T H E  E L t M t h T  I d  h A N  ( P P V I  

C O h C E V T R A T I 3 Y  O F  TH€ F L E M t N T  l iu  M E A T  I P P P ' )  

C n N C t V T R A T l O V  O F  T H E  t L t M L l v T  I N  F O K A u E  I P P P I  

C O N C t V T R A T I O Y  O F  THF E L t M t N T  I N  S L l l L  I P P C )  

P A O I O A C T I V F  D E C A Y  C D N S T A N T  1 P z K  t ia l l  

f Y V I R 3 Y M F N T A L  O E C b Y  C (  i u S T u t u T - - L U K b C r E  ( P E R  D A Y 1  

F N V I f i 3 U M P 4 T A L  O E C A Y  C O N S l n N T - - d A T t h  ( P E R  D A Y )  

TURV' IVER K A T E  O F  THE S T A O L t  I S t J T t i P t  I N  C A h  I P F R  0 A Y )  

F R A C T 1 7 N  O F  I S O T O P E  I N G f S T t 3  5 Y  A C o n  A h f l  S E C R E T E C  I O A Y S I L I T E R )  

E O U I L I R R I U H  H b S S  DF S T l l B l t  r L ; M c N T  I N  S C I L  F R C C  S U R F A C E  T C  O E P T H  O F  PLOW L A Y f k  l G R A Y 5 1  

E X C R E T I O N  R A T E  O F  S T A B L E  I > O T O P i  k K U M  M U S C L E  C F  S T E F R  ( P F R  C A Y 1  

F O U  I L I BR I UM G7 O U N  0 C n  hC t h I R A  T I  LI N A T  MAhl I C I  C K  CCU P I €-HR/S @ U  4 R  f 

E O U I L I B R I W  A I R  C O N C E h ~ T K A l l J h  A T  M A N  ~ C l C R C C U P I t - H R / C U R I C  C M l  

F O U I L I R R I U M  C 3 N C E N T R A T I O h  A T  n A T t R  S U R F A C E  I P I C R C C U R I E - H R I S O U A R E  C H I  

E O U l L l 0 R l U M  G R O U N n  C O N C t N T h A T l U h  AT FUOO C R C P S  l C l C R C C U R I E - H K / S O U A P E  C H I  

F O U I L I R R I U M  G 7 D U N O  C O N C E N T N P T I U N  A T  P A S T U R E  l P I C R C C U R l E - H R / S W A R F  C Y 1  

CM ) 

i. 1 C0Ot -01 

0.3000E - 0 5  

C. 3 J O O E  -03 

0.1000--0J 

c. 1 7 f i J C - 0 3  

c. 3 

c. 0 

L). 0 

0 . 2 O O O F - 0 1  

0.7003E -03 

0.0 

0.0 

0.8 9 4 8 E - 1 2  

0.0 

0.0 

0.0 

DOSE C C N V E R S  I O N  F A C T O R S  

S U D C E R S I O N  I N  M A T E K  ( IRGAV I N H A L A T I O N  I I G E  5 T I  Uh S U H P E R S I O N  I h  A I R  S U R F A C E  E X P d  SU* E 
I ~ E M S I W I C 7 O C U R I E  I l R F M S / a M I  , r (UCUKI t l  ( R E M S - C U E l C  CM/ I R E Y S - S O U A K F  C Y /  ( H E M S - C U B I C  C Y /  

M I C R C C U R I  E - H R  I M l C i 7 O C U R  IE-HR ) C I C P O C U R I  E - t i R I  

1 OT . 8 O O V  0. I O O E -  I I o.,u 0 . 2 0 9 E  3 1  0.37 I € - 0 3  0.444E-02 

L I S T  C F  I N P U T  D A T A  F O R  K U C L I O E  R U - 1 0 3  

C . O N C E Y T R A T l O N  O F  THF E L E M E h r  I N  M A N  I P P C I  0.1 OOOE -02 

C n N C E U T R A T I O Y  D F  THF E L E M E N T  I . \ r  M E A T  I P P P I  C . 1 0 0 O E - 0 2  

C O N C . F U T R A T 1 3 V  O F  T P F  E L C M N T  I h  F U R P G E  I F P C )  0 . 5 0 0 0 E  -04 

C O N C t U T R A T l O V  n F  T H E  E L E M E N T  I N  S O I L  I P P C )  

R A O l J P C T l V E  D E C A Y  C O N S T A N T  ( P i n  d A Y 8  

E N V I R I Y M F N T A L  D E C A Y  C O N S T A h T - - b U n t A L E  ( P E P  O A Y I  

E N V I R 3 N M E N T A L  O E C A V  C O N S T A N T - - w P T E n  [ P E R  DAY1 

T U Q V J V E R  R A T E  OF THF S T A f l L E  ISUTUPt IN P b h  ( P E P  D A Y )  

F R A C T I O N  O F  I S O T O P E  I N C E S T E U  3 Y  A C i ) h  A N D  S E C R E T E 0  I O A Y S I L I T E R )  

E O U I I  I R R I I J Y  M 9 S S  O F  S T A R L E  E L C M t N T  1 N S C I L  F R C M  S U R F A C E  T C  O E P T H  C F  PLOW L A Y E R  

E X C R E T I O N  R A T E  O F  S T A B L E  I 5 O T u P t  F R O M  M U S C L E  CF S T E E R  [ P E P  D A Y 1  

E O U I L I R R I U H  G 9 U U N O  C O N C f N T k P T l U h  A T  M A N  I P I C R C C U P I E - H R / S O U A R F  C M )  

E O U I L I R R I U M  4 1 R  C O N C E N T R A l I J N  A T  M A N  I M I C R C C U R I E - H R I C U B I C  C H I  

E U U I L I B R I U *  C I N C E N T R A T I U N  A T  U A T t R  S U R F A C E  I M I C R C C U R I E - H R I S O U A R E  C M )  

E O U I L I R R I U H  G Q O U N O  C O K E N T K P T I O N  A T  F O O D  C R O P S  I C I C P C C U R I E - H R / S O U A R E  C M I  

E U U I L I 0 R I t I M  G 7 D U N O  C O N C E N T K P l l O N  A T  P A S T U R E  I C I C R C C U R I E - H R I S W A R E  C M I  

[ GRAMS ) 

C - 1 0 0 0 E - 0 2  

0. 1 7 5 0 E - 0 1  

0.0 

0.0 

0.9420E-01 

C . 1 O O O F - 0 5  

0.6 OOCE - 02 

0.0 

0 . 4 2 0 8 E  -05 

0 . 8 5 2 2 E - 1 2  

0.42 O8E -05 

0 . 3 8 2 O E - 0 6  

0.382 OE -06 

O R G A N  

T OT .SflOY 
RnNE 
K I O N F Y S  
I U N G S  
G I  T R A C T  

OOSF C C h V F R S l O N  F A C T O R S  

I N a t  5 I I  Uh S U R M E R S I O N  I h  A I R  S U R F A C E  E X P O  SUR E S b B M E R S I O N  I N  H A T t R  I N H A L A T I O N  
[ R E M S - S O U A R E  C Y /  i R E M S - c u a i c  c w  I Q E M C I M  I C R O C U R  I E )  l R E M 5 / M l  U K I  t J ( R E M S - C U B I C  C M I  

M I C  ROCU R I E-HR 1 M I C R O C U R  I E - W  ) C I C R O C U R I  E - H R )  

0 . 7 7 1 E - 0 3  0. d 5 l E - W  
n. 1 5 6 ~ -  c 2  0. I n 7 t  -03 
0 . 6 4 5 F - 0 2  a 7 7 C t - J d  
0 . 7 5 6 E - 0 1  0.0 
0 . 1 0 7 F -  0 1 0 - 2 4 3 E - J L  

D . 4 9 1 E  0 3  
0 . 4 9 1 E  0 3  
0 . 4 9 1 E  0 3  
O.491E 0 3  
0 . 4 9 1 E  0 3  

0.896E-01 
0 . 8 9 C E - C 1  
O . 8 9 6 E - C 1  
O . 8 9 C E - C I  
0.896E-01 

0.104t 01 
O . l C 4 E  01 
O . l C 4 E  01 
0 . 1 0 4 E  01 
0 . 1 0 4 E  01 

1 
I 
I 
8 
I 
I 
1 
8 
8 
8 
8 
1 
I 
1 
I 
B 
I 
1 
1 



I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
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TABLE 2-3 AIRDOS SAMPLE PROBLEM 

OUTPUT OF AIROCS 

O P T  I O N S  SELECTEO-- 

R A O I O N U C L I I E  Z U N L E N T R A T I C N S  L I S T E D  ARE SECTOR-AVERAGE0 V A L U E S  
S P E C I F I C  DLUi4E K l S E  U S E 0  FOR EDCH A I R  S T A 8 1 L I T V  CLASS 1METERS) -  
A 2u.o 3 20.0 c 20.3 0 20.0 E 10.0 F 10.0 G 10.0 

P L A N T  B O U N D A R I E S  L#4kTkRSI- -NOKTH 3000.0 WEST 3000.0 S O U T H  3000.0 E A S T  3CCO.O 

H E T E U K O L O G I  CAI. AN0  P L D h T  I N F O R C A T I O N  S U P P L  I E O  TO PROGRAM---- 

N U H d E K  OF S T A C K S  I h  THE P L A N  

AVERAGE A I R  TECPERATURE I O E G  K l  

9VtRA;E V E R T I C A L  TEMPERATURE G R A D I E N T  CF T H E  A I R  
I N  S T A b I L I T Y  C L A S S  E I O E G  K I M E T E R S I  

4 V t K A Z E  V E R T I C A L  T E H P E P A T U R E  G R A C I E N T  
I N  5 T A B I L I T Y  C L A S S  F I O E G  K I M E T E R S I  

O F  T H E  A I R  

AVEKAGC V E R T I C A L  TEMPERATURE G R A C I E N T  C F  THE A I R  
L N  s r a 8 t L t r Y  CLASS G i o E t  KIMETERSJ 

S T P C K  LNFORMATICN- -  

1 2 

h E l G H T  I M E T E R S J  100 .o 

O I A M E T E R  I M E I F R S I  5 .o 

EFFLUEY I VELOC 1 r y  i ~t r c R s / s t c  I 10 -0 

R A T E  D F  H E A I  EM1 S S I O N  l C A L I 5 E C O N O )  0.50E 08 

SECTOR 

A 

1 0.0 
2 0.0 
7 0.0 
4 0.0 
5 0.0 
6 0.0 
7 0.0 
8 0.0 
9 0.0 

10 0.0 
11 0.0 
12 0.0 
13 0.0 
14 0.0 
15 0.0 
16 0.0 

STACK NUMBER 

3 4 5 6 

FREOUENCY OF A T M O S P H E R I C  S T A B I L I T Y  CLASSES FOR EACH C I R E C T I O N  

8 C 0 E 

1 

286.1 

0.0728 

0. 1 090 

F K A C T I U N  OF T I M E  I h  E A C H  S T A B I L I T Y  C L A S S  

0.1728 
0.1728 
0.1128 
0.1~IZtl  
0.1726 
0.1728 
0.1728 
0.1728 
0.172a 
0.1728 
0.1728 
0.17.28 
0.1728 
0.1726 
0.1728 
0.1728 

0.1453 
0.1453 

0.1453 
0.1453 
0.1453 
0.1453 
0.1453 
U 1453 

0.1453 
0.1453 
0.1453 

0.1453 
0.1453 

a 1453 

o. 1453 

a 1453 

0.2928 
0.2928 
0.2928 
0.2928 
0.2928 
0.2928 
0.2928 
0.2928 
0.2928' 
0.2928 
0.2928 
0.2928 
0.2928 
0,2928 
0.2928 
0.2928 

H E I G H T  OF L I D -  0 M E T E R S  

R E L E A S E  RATES FOR R A D l O M J C L I C E S  

S T A C K  h U C L I 0 E  R E L E A S E  R A T E  
I P C  I / S E C )  

I 
1 

KR-8 5 
RU-103 

O.5OOE 04 
0.500E 04 

0 .o 
0.0 
0.0 
0 -0 
0 .o 
0 .o 
0.0 
0 .o 
0 -0 
0 .o 
0 .o 
0 .o 
0 -0 
0 .o 
0 .o 
0 .o 

0.1455 

F G 

0.3906 0.0 
0.3906 0.0 
0.3906 0.0 
0.3906 0.0 
0.3906 0.0 
0.3906 0.0 
0.3906 0.0 
0.3906 0.0 
0.3906 0.0 
0.3906 0.0 
0.3906 0.0 
0.3906 0.0 
0.3906 0.0 
0.3906 0.0 
0.3906 0.0 
0.3906 0.0 
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DE POS I T I ON PAR AM ET ERS 

; K L V I T A T t  ONAL O E P D S I T I O N  V E L O C I T Y  SCAVENGING 
F A L L  V t L O C I  TV CO E F F  I C  I EN T 

I Me TE R S / S E C l  I M E T E R S I S E C I  I l / S E C l  

N U C L I D E  

KR-85 
RU-103 

0. 0 
0.0 

0.0 
0.01330 

0.0 
0.0 

F R E Q U E N C I E S  OF WINO O I R E C T I C N S  AN0 RECIPROCAL-AVERAGE0 U I N O  SPEEOS 

FREQUENCY W I N O  SPEEOS FOR EACH S T A B I L I T I  C L A S S  
(YETER S/SEC I 

WINO TOUARO 

A R C 0 E F G 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14  
15 
16 

0.063 
0.063 
0.063 
0.063 
0.063 
0.063 
0.063 
0.063 
0.063 
0.063 
0.063 
0.063 
0.063 
0.063 
0.063 
0.063 

0 -0 
0 .o 
0 .o 
0 .o 
0 .o 
0 .o 
0.0 
0 .o 
0 .o 
0 .o 
0 .o 
0.0 
0 .o 
0 .o 
0 -0 
0 -0 

2 -09 
2 -09 
2.09 
2.09 
2.09 
2 -09 
2 -09 
2 -09  
2 -09  
2 -09 
2.09 
2.09 
2.09 
2 -09 
2 -09 
2 -09 

2.54 
2.54 
2.54 
2.54 
2.54 
2.54 
2.54 
2 - 5 4  
2.54 
2.54 
2.54 
2.54 
2.54 
2.54 
2.54 
2.54 

2.46 
2.46 
2.46 
2.46 
2.46 
2 .46  
2.46 
2.46 
2 - 4 6  
2 - 4 6  
2.46 
2.46 
2.46 
2.46 
2.46 
2.46 

0.0 
0. c 
0. 0 
0.c 
0.0 
0. c 
0. c 
0.0 
0. c 
0.0 
0. c 
0. c 
0.0 
0.0 
0.0 
0.0 

2 - 2 1  0.0 
2.26 0.0 
2.26 0.0 
2.26 0.0 
2.26 0.0 
2.26 0.0 
2.26 0.0 
2.26 (20 
2.26 0.0 
2.26 0.0 
2.26 0.0 
2.26 0.0 
2.26 0.0 
2.26 0.0 
2.26 ( 2 0  
2.26 0.0 

WINO D I R E C T I O N S  ARE NUt48EREU COUNTERCLOCKYISE S T A R T I N G  AT 1 FOR DUE NORTH 

F R E O U E N C I E S  OF h I N 0  O I R E C T I O N S  A N 0  TRUE-PVERAGE WINO SPEEOS 

WINO TOWARD F RE E UE NC Y 

0.063 
0.063 
0.063 
0.063 
0.063 
0.063 
0.063 
0.063 
0.063 
0.063 
0.063 
0.063 
0.063 
0.063 
0.063 
0.063 

W I N O  SPEEOS FLIR EACH S T A B I L I T Y  C L A S S  
l W E T E R S / S E C )  

A 

0 -0 
0.0 
0.0 
0 .o 
0 .o 
0 .o 
0.0 
0 -0 
0 -0 
0 -0 
0 -0 
0 .o 
0.0 
0 .o 
0.0 
0.0 

B C 0 E F G 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0-0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

3 -49 
3.49 
3.49 
3.49 
3.49 
3 -49 
3.49 
3.49 
3.49 
3.49 
3 -49 
3.49 
3.49 
3 -49 
3 -49 
3 -49 

4.04 
4.04 
4.04 
4.04 
4.04 
4-04 
4.04 
4.04 
4.04 
4 .04  
4.04 
4.04 
4.04 
4.04 
4.04 
4-04 

4 . 3 8  
4.30 
4 . 3 e  
4.38 
4.3E 
4.38 
4 - 3 8  

4 - 3 8  
4.38 

6 - 3 8  
4.38 
4 - 3 8  

4.38 
4.38 

4.3E 

4 - 3 8  

0.0 
0. c 
0.0 

0. c 
0.0 
0.0 
0.0 
0. c 
0.0 
0. c 
0. c 
0.0 
0, c 
0. c 
0.0 

0. a 

4.02 
4.02 
4.02 
4.02 
4.02 
4.02 
4- 02 
4.02 
4.02 
4.02. 
4-02 
4-02 
4.02 
4.02 
4-02 
4.02 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

WINO D I R E C T I O N S  ARE NUMBEKE0 COUkTERCLCCKWISE S T A R T I N G  AT 1 FOR OUE NORTH 

E S l l U A T E O  R A D I O N U C L I D E  CCNCENTRATIONS 

AREA 

COLUMN i o n  

GROUND O E P O S I T I O N  RATE 
I P C I  /SOUARE CM-SEC) 

NU^.L IOE A I R  CONCENTRATION 
I P C  I / C C  ) 

I 1 
1 I 
I 2 
I 2 
1 3 
1 3 
1 4 
1 4 
1 5 
1 5 
1 6 
1 6 

KR- 85 
R U - L O ~  
KR-85 
RU-103 
KR- 85 
RU-103 
K3-85 
RU-103 
KR-85 
RU-IO3 
KR-BS 
RU-103 

0.55w-11 
0 - 3 0  1E- 11 
0-582E-11 
0.323E-11 
0.606E-11 
0.346E- 11 
0 -6 3 1E- 11 
0.369E-11 
0.656E-11 
0 -39 .?E- 11 
0.680E-11 , 

0 -4 13E- 11 

0.0 
0.301E-11 
0.0 
0.32H-11 
0.0 
0.346E-11 
0. c 
0.36SE-11 
0 .  c 
0.392E-1 1 
0.0 
0-413E-11 



I 
I 

I 
I 

I 
I 

AREA 

COLUMN -ROY. 
1 7 
1 7 
1 8 
1 8 
1 9 
1 9 
1 10 
1 1 0  
1 11 
1 11 
I 12 
1 12 
1 1 3  
1 13 
1 1 4  
1 1 4  
1 1 5  
1 1 5  
1 1 6  
1 1 6  
1 17 
1 1 7  
1 1 8  
1 1 8  
1 19 
1 19 
1 20 
1 2 0  
2 1 
2 1 
2 2 
2 2 
2 3 
2 3 
2 4 
2 4 
2 5 
2 5 
2 6 
2 6 
2 7 
2 7 
2 8 

2 9 
2 9 
2 10 
2 10  
2 11 
2 11 
2 1 2  
2 1 2  
2 1 3  
2 1 3  
2 1 4  
2 1 4  
2 1 5  
2 1 5  
2 1 6  
2 1 6  
2 17 
? 1 7  
2 18 
2 1 8  
2 1 9  
2 1 9  
2 20 
2 2 0  
3 1 
3 1 
3 2 
3 2 
3 3 
3 3 
3 4 
3 4 
3 5 
3 5 
3 6 
3 6 
3 7 
3 7 
3 8 
3 8 
3 9 
3 9 
3 10 
3 1 0  
3 11 
3 11 
3 12 
3 12 

2 8 

NUCL I O E  

KK- 85 
KU-103 
Kll-l35 
nu-103 
KR- d5 
RU-103 
KH- 85 
KU-103 
K R - d 5  
RU-103 
KR- 85 
RU-103 
K d -  85 
RU-105 
KK-85 
nu-103 
K k - 8 5  

K R - 8 5  
RU-103 
K i t - 8 5  
KU-103 
K R - 8 5  
RU-103 
KR-(I5  
NU-103 
KR- 85 
R U - 1 0 3  
KR-85 
RU-103 
KY- 85 

KR- 85 
KU-IO3 
K R - 8 5  
R U - 1 0 3  
K R - 8 5  
KU-103 
K R - 8 5  
RU-103 
K R - 8 5  
RU-103 
K R - 8 5  

K R - 8 5  
RU-103 
K R - 8 5  

K R - 8 5  
RU-103 
K W - 8 5  
dU-103 
K R - 8 5  
KU-103 
K R - d 5  
RU-103 
KR- 85 
KU-103 
K R - 8 5  
RU-103 
K R - 8 5  
RU-103 
K R - 8 5  
RU-103 
KR- 85 
KU-103 
K R - 8 5  
R U - 1 0 5  
K k - 8 5  
RU-103 
K k - 8 5  
K U - I O 3  
K R - 8 5  
RU-103 
KR- 85 
KU-103 
K R - d 5  
dU-103 
K N - 8 5  
RU-103 
KR- 85 
RU-105 
K K - 8 5  
RU-LO3 
K a -  85 
RU-103 
K R - 6 5  
RU-103 
K R - 8 5  
KU-103 
Kil-  85 
RU-103 

au-103 

mU-105 

-_.___ dU-105 

mu-io3 
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A I R  CONCENTRATION 
(PCI/CCI 

o -70 i~-li 
0.433E-11 
0 -7 18E-11 
0.448E-11 
0.73 1E- 11 
0.459E--11 
0.738E-11 
0 -466E-11 
0.738E-11 
0.466E-11 
0.731E-11 
0.459E-11 
0 -7 18E-11 
0 -448E-11 
O.701E-11 
0.433E-11 
0 -68 OE- 11 
0 -4 13E-11 
0 -6 56E- 11 
0.3926-11 
0 - 6 3  1E-11 
0.369E- 11 
0-606E-11 
0-3466-11 
0.58 2E- 11 
0-323E-11 
0.558E- 11 
0 -30 IE- 11 
0.582E-11 
0 -3 23E- 11 
0-609E-11 
0.349E-11 
0.639E- 11 
0 -3 76E- 11 
0.670E- 11 
0 -40 4E-11 
0.70 1E- 11 
0.433E- 11 
0.7 3 1E- 11 
0.459E-11 
0.760E-11 
0.485E- I1 
0 -78%-11 
0.507E-11 
0.804E-11 
0.5 24E- 11 
0.813E-11 
0 -532E- 11 
0 -8 13E- 11 
0.532E-11 
0 -804E- 11 
0 - 5 2 4 5  11 
0 -78  5E- 11 
0-507E-11 
0.760E-11 
0.485E-11 
0 -7 3 1E- 1 1 
0.459E-11 
0.701E-11 
0.433E-11 
0167 OE- 11 
0.404E-11 
0-639E-11 
0 -3 76E- I1 
0.609E- 11 
0-349E-11 
0.582E-11 
0.323E-11 
0 -606E-11 
0.346E-11 
0-639E- 11 
0-376E-11 
0.675E-11 
0 -409E- 11 
0 -7 13E- 11 
0.443E-11 
0 -753E- 11 
0 -479E- 11 
0-794E-11 
0 -5 15E- 11 
0.834E-11 
0 -5 5OE- 11 
O.869E-11 
0.581E-11 
0 -896E- 11 
0 -6OCE-11 
0-9 10E- 11 
0 -6 17E- 11 
0-910E-11 
O.617E-11 
0.896E- 11 

, 0.604E-11 

_ _ ~  ._____. 

CROUNO OEPOSITION RATE 
l P C l  /SOUARE CM-SEC) 

_ _  
0.0 
0.433E-11 
0.0 
0.448E-11 
0.0 
0.454-11 
0.0 
0.466E-11 
0.0 
0.466E-11 
0.0 
0.454-11 
0.0 
0 - 4 4 E - 1 1  
0.0 

.O. 433E-11 
0.0 
0-413E-11 
0.0 
0.392E-11 
0.0 
0.364-11 
0.0 
0- 3 4 s - 1 1  
0.0 
0.323E-11 
0.0 
0.3OlE-11 
0.0 
0.323E-11 
0.0 
0.344-11 
0.0 
0 - 3 7 s - 1 1  
0.0 
0.404E-11 

0.43X-11 
0.0 

0.0 
0.485E-11 
0.0 

0.0 
0.52*E-11 
0.0 
0.532E-11 
0 .  0 
0- 532E-11 
0.0 
0.524E-11 
0.0 
0.5OlE-11 
0.0 
0.4 85E-11 
0.0 
0.4595-11 
0.0 
0.433311 

0. a 

a. 4 5 4 - 1  I 

0 . 5 a 7 ~ - i i  .____.._ ~ 

0. a 
0.404E-11 
0.0 
0.376E-11 
0.0 
0.344-11 
0.0 
0.323E-11 
0.0 
0.346E-11 
0.0 

0. c 
0.37s-11 

0 . 4 0 ~ - 1 1  
0.0 
0.443E-11 

. 0.0 
0-479E-11 
0.0 
0.51%-11 

0.55q-11 
0.0 
0.581E-11 
0.0 
0.6OY-11 
0.0 
0.6 17E-11 
0.0 
0-617E-11 
0.0 

0.0 

0.1504.5-1 I 



AREA 

.C!3LUMN ROW 
3 13 
3 1 3  
3 14 
3 14 
3 1 5  
3 1 5  
3 16 
3 16 
3 17 
3 17 
3 18 
3 18 
3 19 
3 19 
3 20 
3 2 0  
4 1 

1 
4 2 
4 2 

- 4 __  

4 3 
4 3 
4 4 
4 4 
4 5 
4 5 
4 6 
4 6 
4 7 
k 7 
4 8 
4 8 
4 9 
4 9 
4 IO 
4 10 
k I1 
4 11 
4 12  
4 12 
4 13 
4 13 
4 14 
4 14 
4 15 
4 1 5  
4 16 
4 16 
4 17 
4 17 
4 18 
4 18 
4 19 
4 19 
4 20  
4 20  
5 I 
5 1 
5 2 
5 2 
5 3 
5 3 
5 4 
5 4 
5 5 
5 5 
5 6 
5 6 
5 7 
5 7 
5 8 
5 8 
5 9 
5 9 
5 10 
5 10 
5 11 
5 11 
5 12 
5 I 2  
5 13 
5 13 
5 14 
-. 5 .L4- 
5 1 5  
5 15  
5 16 
-5 . 16 
5 17 
5 17 
5 18 
5 1 8  

N M L I O E  

K R - 8 5  
RU-103 
K R - 8 5  
RU-103 
K R - d 5  
RU-103 
K R - 8 5  
R U - 1 0 3  
KR- 85 
RU-103 
K R - 8 5  
RU-103 
K R - 8 5  
RU-103 
K R - 8 5  
RU-103  
K R - 8 5  
. RU-103 - ____. 
K R - 8 5  
R U - 1 0 3  
KR- 85 
RU-103 
KR- 85 
RU-103 
KR- 85 
RU-103 
KR- 85 
RU-103 
K Y - 8 5  
RU-103 
KR- 85 
RU-103 
KR- 85 
RU-103 
KR- 85 
RU-103 
KR- 85 
RU-103 
&R- 85 
RU-103 
KR- 85 
R U - 1 0 3  
K R - 8 5  
RU-103 
K R - 8 5  
RU-103 
K R - 8 5  
RU-103  
K R - 8 5  
RU-103 
KR- 85 
RU-103 
K R - 8 5  
R U - 1 0 3  
KR- 85 
RU-103 
K R - 8 5  
RU-103 
KR- 85 
RU-103 
KR- 85 
M U - 1 0 3  
K R - 8 5  
RU-103 
K R - 8 5  
RU-103 
K R - 8 5  
R U - A 0 3  
KR- 85 
R U - 1 0 3  
K R - 8 5  
R U - 1 0 3  
K R - 8 5  
RU-103 
K R - 8 5  
RU-103 
KR- 85 
RU-103 
KR- 85 
RU-103 
K Y - 8 5  
RU-I03 
K R - 8 5  
~ _ _ _ _ _  RU-I 03 
KR- 85 
RU-103 
K R - 8 5  
RU-103 
KR- 85 
RU-103 
KR- 85 
RU-103 

2-64 

A I R  CONCENTRATION 
I P C I  /CC) 

. . - -. 
0.869E- 11 
0 -58 1E- 11 
0 -834E- 11 
0.550E- 11 
0.794E- 11 
0.5 15E- 11 
0.7 53E- 11 
0.479E-11 
0 -7 13E- 11 
0 -44 3E- I1 
0.675E- 11 
0.409E- 11 
0 -639E- 11 
0.376E-11 
0.606E- 11 
0 -346E-11 
0.63 IE- 11 
0.369E-11 
0 -670E- 11 
0 -40 4E- I1 
0.7 13E-11 
0.443E- 11 
0.760E-11 
0.485E-11 
O.813E-11 
0 .532611  
0.869E-11 
0 -5 8 1E- 11 
0 -92%-11 
0 -6 30E- 1 1 
0.976E- 11 
0 .6756  11 
0 .lo.?€- 10 
0.710E-11 
0.104E-10 
0.729E- 11 
0.10 4 E  10 
0.729E-11 
0.102E-10 
0.710E-11 
0 -976E- 11 
0.675E-11 
0.925E-11 
0 -630E- 11 
O.869E-lJ 
0.581E-11 
0.813E-11 
0 - 5  3 2E- I1 
0.760E-11 
0.485E-11 
0.7 13E-11 
0.443E- 11 
0.670E-11 
0.404E-11 
0.63 1E-11 
0.369E- 11 
0.6 56E- 11 
0 -39 2E- 11 
0 -70 1E-11 
0.433E-11 
0.753E-11 
0.479E-11 
0.813E-11 
0.532E-11 
0.88ZE-11 
0 -59 2 6 1 1  
0.9 5 8E- 11 
0.6 59E- 11 
O.IO4E-IO 
0.729E-11 
0 .I I Z E -  10 
0,797E-11 
0 .I 1 BE- 10 
0.8 53E-11 
0 .IZZE-lO 
0.886E-11 
0. IZZE-  10 
0 -8 8 6E- I1 
0 -1 18E- 10 
0 -85 3E- 11 
0 -1 I Z E -  10 
0.797E-I1 
0.10 4E- 10 
.____ 0.729E-11 ~ _ _ _ _  
0.958E-11 
0.659E-11 
0.88ZE-ll 
0.59 ZE-11 
0.8 13E-11 
0.532E-11 
0.753E-11 
0.479611 

GROUNO OEPOSITICN R A T E  
IPCI ISOUARE CM-SECI 

0. c 
0.581E-11 
0.0 
0.550E-11 
0.0 
0.515E-1 I 
0.0 
0.474-1 
0.0 
0.443E-1 
0. c 
0.409E-I 
0.0 
0.376E-1 
0.0 
0.346E-1 
0.0 
0.36SE-1 
0.0 
- _-- -__. 

0.404E-I 1 
0.0 
0.443E-1 I 
0.0 
0.485E-11 
0.0 
0.532E-11 
0.0 
0.581E-ll 
0.0 
0.63oE-11 
0.0 
0.67Y-11 
0.0 
0.71OE-11 
0.0 
0.724-11 
0.0 
0.724-11 
0.0 
0.7lOE-11 
0.0 
0.675E-11 
0.0 
0.63OE-1 I 
0.0 
0.5 0 E-1 1 
0.0 
0.532E-11 
0.0 
0.48%-11 
0.0 
0.443E-11 
0.0 
0.404E-11 
0.0 
0.364-11 
0.0 
0.392E-11 
0.0 
0.43Y-11 
0.0 
0.472-11 
0.0 
0.532E-11 
0.0 
0.592E-11 
0.0 
0.659E-11 
0.0 
0.724-11 
0.0 
0,797E-11 
0.0 
0.853E-11 
0.0 
0.886E-11 
0. c 
0.886E-11 
0.0 
0.853E-11 
0.0 
0.797E-11 
0.0 
. _ ~  0.725€-11 
0.0 
0.65s-11 
0.0 
01 552E-1 I 
0.0 
0.532E-11 
0.0 
0.474-11 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
8 
1 
1 
1 
1 
1 
1 
I 



\ 



AREA 

COLUMN 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

10 
10 
10 
10 
10 
10 
10 
10 
10 
LO 
10 
IO 
10 
10 
10 
10 
10 
10 
10 
10 

ROY 
5 
5 
6 
6 
7 
7 
8 
8 
9 
9 

10 
10 
11 
11 
12 
12 
13 
13 
14 
I 4  
15 
15 
16 
16 
17 
17 
18 
1 8  
19 
19 
20 
20  

1 
1 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
8 
8 
9 
9 

10 
10 
11 
11 
1 2  
12 
13 
13 
1 4  
14 
1s 
15 
16 
16 
17 
17 
18 
18 
19 
19 
20 
20 

1 
1 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
8 
8 
9 
9 

10 
10 

NUCL I O E  

K R - 8 5  
RU-103 
K R - 8 5  
RU-103 
K R - 8 5  
RU-103 
K Y - 6 5  
RU-103 
K U - 8 5  
RU-103  
K R - 8 5  
R U - 1 0 3  
K R - 8 5  
RU-103 
KR-85 
RU-103 
K R - 8 5  
RU-103 
KR-85 
RU-103 
KR- 85 
RU-103 
K R - 8 5  
RU-103 
KR- 85 
RU-103 
K R - 8 5  
RU-103 
K R - 8 5  
R u-103 
K R - d S  
_ _ _ ~ _ _  RU-103 
K R - 8 5  
RU-103 
KR- 85 
RU-103 
KR- 85 
RU-103  
K R - 8 5  
RU-103 
KR- 85 
R U - 1 0 3  
K R - 8 5  
R U - L O 3  
KR- 85 
R U - A 0 3  
K R - 8 5  
RU-103 
K R - 8 5  
RU-103 
KR- 85 
RU-103 
K R - 6 5  
R U - A 0 3  
KR- 85 
MU-103 
KR- 85 
R U - 1 0 3  
K R - 8 5  
R l t - A 0 3  
KR- 85 
R U - 1 0 3  
K R - 8 5  
R U - L O 3  
K l l - 8 5  
RU-103 
K R - 8 5  
RU-103 
KR-85 
R U - 1  OS 
KR- 85 
R U - 1 0 3  
K R - 8 5  
R U - 1 0 3  
K R - 8 5  
RU-103 
KR- 85 
RU-103 
K R - 8 5  
RU-10s 
KR- 85 

K R - 8 5  
RU-103 
K R - 8 5  

KR- 85 
RU-103 
KR- 85 
R U - 1 0 3  
K R - 8 5  
RU-103 

~ ~ - 1 0 3  I 

au-io3 

2-66 

A I R  CONCENT~RATION 
( P C I I C C )  

0.1 12E- 10 
0 -79 7E- I 1 
0.13OE-IO 
0 -962E-11 
0.156E- 10 
0 -1 19E- 10 
0.19 1E-10 
0.15 1E- 10 
0 -234E-10 
0 -19 OE- 10 
0.271E-10 
0 Z 5 E -  10 
0.271E-10 
0 -22 5 E -  10 
0.234E-IO 
0.190E-10 
0 -19 IE- 10 
0 -1 5 1E- 10 
0 - 1 5 6 E -  10 
0-1 19E- 10 
0.1 30E-10 
0 -962E- 11 
0.11zE-IO 
0.797E-11 
0 -976E-11 
0.675E-11 
0.869E-11 
0.581E-11 
0.78 5E-11 
0 -50 7E- 11 
0.7 1 8 E -  11 
__.. 0.44.8e.1.1 
0 -7 3 1E-11 
O1459E-11 
0 -80 4E- I1  
0 -524E-11 
0.896E-11 
0 -60 4E- 11 
0.102E- LO 
0 -7 10E- 11 
0.1 18E- 10 
0 -8 53E- 11 
0.14 1E- 10 
0.106E-10 
0 -17 7E-10 
0 -1 38E- 10 
0.234E- 10 
0.190E- 10 
0.330E-10 
0.28 2E-10 
0.454E- 10 
0 -40 3E- IO 
0 -454E- 10 
0 -40 3E- 10 
0 -330E- 10 
0.282E- 10 
0 -234E- 10 
0.190E- 10 
0.17 7E- LO 
0.138E-10 
0 -14 1E- 10 
0 .lob€- 10 
0.118E-lo 
0 - 8 5 3 E - 1 1  
0.10 2E-10 
0 -7 10E-11 
0.896E- 11 
0.604E-11 
O - B O I E - 1 1  
0 -5  2 4E- I1 
0 -7 31E-11 
0 . 4 5 9 5  11 
0.738E-11 
0 -466E-11 
0.813E-11 
0 -532E-11 
0 -9 1 0 E -  11 
0.617E-11 
0.104E-10 
0.7 29E-11 
0 . l Z Z E - l O  
0.886E-11 
0.148E- 10 
0.1 lZE-10 
0.191E-10 
0 .I 5 1E-10 
0 -27 1E-10 
O-ZZSE-10 
d A 5 4 E - 1 0  
0 -40 3E- 10 
0 .  LOX-09 
0 -9 73E- 10 

-. - - -. - 

GROUND OEPOSITICN RATE 
(PCI ISOUARE CW-SEC) 

0.0 
0.797E-11 
0.0 
0.962E-11 
0.0 
0.114-10 
0.0 
0.15 1E -I 0 
0.0 
0.190E-10 
0.0 
0.225E-10 
0. c 
0.225E-IO 
0.0 
0.19oE-10 
0.0 ' 
0.151E-IO 
0.0 
0. I19E-10 
0.0 
0.962E-1 I 
0. e 
0- 7S7E-11 
0.0 
0.675E-11 
0.0 
0.581E-11 
0.0 
0.507E-11 
0.0 
0.448E-11 
0.0  
0.454-11 
0.0 
0.524E-1 I 
0.0 
0.604E-11 
0.0 
0.71OE-11 
0.0 
0.85P-11 
0.0 
0.106E-I 0 
0.0 
0.138E-L 0 
0.0 
0.19oE-10 
0.0 
0.2a.E-10 
0.0 
0.403E-10 
0.0 
0.403E-L 0 
0.0 
0.28.E-10 
0.0 
0.19E-10 
0.0 
0.138E-10 
0.0 
0.106E-10 
0.0 
0 -  853E-11 
0.0 
0-71Of-ll  
0.0 
0.604E-ll 
0.0 
0.524E-11 
0.0 
0 . 4 5 4 - 1 1  ~~ 

0.0 
0.466E-11 
0.0 
0.532E-11 
0.0 
0.6 17E-1 I 
0.0 
0.729E-11 
0.0 
0.886E-11 
0.0 
0.112E-lO 
0.0 
0.151E-10 
0.0 
0.225E-10 
0.0 
0.403E-10 
0.0 
0.97s-10 

U 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
D 
1 
1 
1 
1 
I 



2-67 

A I R  CONCENTRATION 
I PC I l C C  I 

0.102E-09 
0.973E- 10 
0.454E- 10 
0.40 3E- 10 
O.27IE-10 
0.225E- IO 
0.19 1E- 10 
0 -15 1E-10 
0.148E- IO 
0.1 1ZE- 10 
0.122E- 10 
0.886E-11 
0.104E-LO 
0.7 29E-11 
0.9 10E- 11 
0.617E-11 
0.813E-11 
0 .532611  
0.738E- 11 
0.46 6E- 11 
0.738E-11 
0 .466611  
0 -8 13E- 11 
0.532E-11 
0.9 10E-11 
0.617E-11 
0.10 4E- 10 
0,729E- 11 
O.1ZZE- 10 
0 -8 8bE- 11 
0.148E- 10 
0 .I I Z E -  10 
0 -19 I€- 10 
0.15 1E- 10 
0 -27 1E- 10 
0 -22  5E- 10 
0.454E- 10 
0.40 3E- 10 
0 . I O Z E - 0 9  
0.973E- 10 
O.IOZE-09 
0.973E- 10 
0.454E-10 
0.40 3E- 10 
0.271E-IO 
0.225E-10 
0.191E-10 
0 -15 I€- 10 
0.148E- 10 
0 .I 12E- 10 
0 .  I Z Z E -  10 
0 -8 8 6E- 1 I 
0 .IO*€- 10 
0.729E- 11 
0 . 9 1 O E - l l  
0.617E-11 
0 -8 1 3 5  I1 
0.5  3 2 6  1 I 
0.738E- 11 
0.466E- I1 
0.731E-11 
0.459E-11 
0-804E-11 
0 -52  4E- 11 
0.896E-11 
0.604E-11 
O.1OZE- 10 
0 .? 10E- 11 
0 . I  18E- 10 
0 -8 5 3E-11 
0.14 1E- 10 
.. 0.10 6E- 10 
0.177E-10 
0.138E- 10 
0.234E- 10 
O.190E-IO 
0.330E- 10 
0.282E-10 
0.454E- 10 
0.403E- 10 
0.454E- 10 
0 -40 3E- 10 
0.330E-10 
0.28 ZE- 10 
0.234E-10 
0.190E- 10 
0.177E-10 
0.1 38E- 10 
0.14 1E- 10 
0 -10 6E- 10 
O.118E-10 
0.8 5 3E- 11 

I 
I 

AREA 

COLUMN 
10 
LO 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
11 
I 1  
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
1 1  
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
I1 
11 
11 
12 
12 
12 
12 
1 2  
12 
12 
I2 
I2  
12 
12 
I 2  
12 
12  
12 
12 
12 
I.? 
I.? 
12 
12 
I 2  
12 
12 
I 2  
1 2  
12 
12 
12 
12 
I2 
12 

ROY 
11 
I 1  
12 
12 
13 
13  
14 
14 
15 
1 5  
16 
16 
17 
17 
1 8  
1 8  
19 
1 9  
2 0  
20 

1 
I 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
8 
8 
9 
9 

1 0  
10 
11 
11 
12 
12 
13 
1 3  
14 
14 
15 
15 
16 
16 
17 
17 
1 8  
1 8  
19 
19 

2 0  
1 
1 
2 
2 
3 
3 
4 
4 
5 
5 
b 
6- 
7 
7 
8 
8 
9 
9 

l o  
1 0  
11 
1 1  
I 2  
12 
13 
1 3  
1 4  
14 
15 
1 5  
16 
16 

z a  

N U C L I C E  

KK- 85 

KK- M5 

KR- 85 
RU-I03 
K K - 8 5  
RU-103 
K R - 8 5  

K R - 8 5  
UU-I  03 
KR- 85 
KU-103 
h R - 8 5  
d u - I 0 3  
K R - 8 5  
RU-IO,  
KR- 65 
RU-103 
K R - 8 5  
KU-103 
K U - 8 5  

KK- 85 
PU-103 
K R - 8 5  
RU-103 
K R - 8 5  
RU-103 
K R - 8 5  
KU-103 
K R - 8 5  
I(U-103 
K R - 8 5  

K R - 8 5  
R U - I O 3  
KR- 85 
RU-103 
K R - 8 5  

K R - 8 5  
*U-103 
K R - 8 5  
nu-103 
K R - 8 5  

K d - 8 5  
KU-103 
K R - 8 5  

K a - 8 5  
KU-103 
K R -  85 
KU-103 
K R - 8 5  
nil-103 
K R - 8 5  

K R - d 5  
dU-103 
h R -  85 

KR- 85 
KU-103 
K R - 8 5  

K R - 8 5  
KU-105 
K 2 - 8 5  
KU-I03 
KR- 85 
4U-103 
K R - 8 5  
K u - I 0 3  
K P - 8 5  
RU-lO> 
K i l - 8 5  
U u - I O j  
K i l - 8 5  

K P - 8 5  
RU-103 
K R - 8 5  
rlU-103 
K K -  85 
dU-103 
K R - 8 5  

K i t - M t ,  
1(U-103 

mu-1 03 

KU-ioj 

wu-ioj 

au-103 

nu-103 

au-103 

nu-103 

mu-103 

R U - i o j  

au-103 

mu-ioj 

KU-103 

nu-ioj  

CROUNO O E P O S I T I C N  R l T E  
( P C I I S O U A R E  CM-SECJ 

0.0 
0 - 5 7 K - I O  
0.0 
a.403~-1 o 
0. a 
0.22x-1p 
0. a 
O . I ~ ~ E - I I I  
0.0 
0.11zE-IO 
0.0 
0.88s-11 
0.0 
0- 72Q-1 I 
0.0 
0.617E-ll 
0.0 
0.5326-11 
0.0 
0.46s-11 
0.0 
0.46Y-11 
0.0 
0.532E-11 
0.0 
0.617E-11 
0.0 
0.729E-11 
0.0 
0.88s-11 
a. o 
o.i12~-1a 
0.0 
O-ISlE-IO 
0.0 
0 . 2 2 ~ - 1 0  
0. a 
0.403E-IO 
0.0 
0.973E-IO 
0.0 
0.97K-IO 
0. a 
0 .403~- ia  
0.0 
0.22%-IO 
0.0 
0.151E-10 
0.0 
0.11zE-IO 
0.0 
0.886E-11 

0 .72s -1  I 
0. a 

~ ~ _. 
0.0 
0.617E-11 
0.0 
0.532E-11 
0.0 
0.46M-11 
0.0 
0.455-11 

0.524E-11 
0.0 
0.604f-11 

0. a 

0.0 
0-710E-lL 

0.85P-11 
0. c 
0. IO&-1 0 
0.0 

0.0 
0.19(E-I0 
0.0 
0.28zE-10 
0.0 
.0.4OH-10 
0. c 
0.4OY-10 

0. a 

O . I ~ E - I O  

0. a 
0.2826-IO 
0.0 
0.19E-I 0 
0.0 
0.13E-10 
0.0 

0.0 
o.iatx-io 
0.853E-11 



AREA 

COLUMN ROY 
IL I /  
12 17 
12 18 
12 18 
12 19 
I2 19 
12 2 0  
12 2 0  
13 1 
13 1 
13 2 
13 2 
13 3 
13 3 
1 3  4 
13 4 
13 5 
13 5 
13 6 
13 6 
13 7 
13 7 

13 8 
13 9 
13 9 
13 10 
13 LO 
13 1 1  
13 I 1  
13 12 
13 12 
13 1 3  
13 13 
13 14 
13 14 
13 1 5  
13 1 5  
13 I6 
13 16 
1 3  17 
13 17 
13 18 
13 18 
13 19 _ _  1 3  ___  19 
13 2 0  

14 1 
1 4  1 
14  2 
1 4  2 
I 4  3 
14 3 
14 4 
14 4 
14 5 
1 4  5 
14 6 
14 6 
14 7 
14 7 
1 4  8 
14 8 
14 9 
I 4  9 
14 10 
14 1 0  
14 11 
1 4  11 
14 12 
14 12 
14 13 
14 13 
14 1 4  
14 14 
14 1 5  
14 1 5  
14 16 
14 16 
14 17 
14 17 
14 18 
14 1 8  
14 19 
14 19 
14 20 
14 2 0  
1 5  1 

13 n 

13 20 

15 I 
1 5  2 
1 5  2 

NUCLIDE 

KR-85 
RU-103 
KR-85 
XU-103 
KR-85 
RU-103 
KR-85 
RU-103 
KP-85 
R U - 1 0 3  
KR-85 
1U-103 
KU-85 
RU-103 
KU-85 
RU-I 03 
KK-85 

KO- 85 
RU-103 
KR-85 

KR-85 
RU-103 
KR-85 
RU-103 
KR- 85 
UU-I03 
KR- 85 
RU-103 
KR- 85 
MU-103 
KR-85 

KR-85 
RU-103 
KU- 85 
RU-103 
KR-85 
RU-103 
KR-85 
RU-103 
KR- 85  
RU-103 
KR-85 

- RU-103 - - - - - - 
KR-85 
RU-IO3 
KR-85 
RU-103 
KR-85 
R U - I O 3  
KU-85 
R U - 1 0 3  
KR-85 
MU-103 
KK-85 
ilU-IO3 
KR-85 
RU-103 
KR-85 
R U - 1 0 3  
KR- 85 
RU-I03 
KR-85 
RU-103 

nu-103 

u-t-103 

OU-103 

~ ~ - 8 5  
OU-103 
KR-85 
RU-103  
KM- 85 
OU-103 
KU- 85 
O U - l O >  
KR-(15 
RU-103 
KR- 85 
U U-I03 
K1-85 
RU-103 
KM- 85 
RU-103 
KR-85 

K1-85 
RU-103 
KU-85 

KR-85 
OU-103 
KR-85 
RU-103 

aU-10, 

au-103 

2-68 

A I R  CONCENTRATION 
(PCI /CCl  

0.102E- 10 
0 -7 LO€- 11 
0.896E- I1 
0.604E-11 
0 -804E-11 
0.524E-11 
0.73 E - 1 1  
0.4596- I1 
0.718E-11 
0 -44 BE- 11 
0.78 5E-11 
0.507E- 11 
0.869E-11 
0.5816-11 
0.976E-11 
0 -675E-I1 
0.1 12E-10 
0.7976-11 
0.1 30E- 10 
0 -96 2E-11 
0 - 15bE- 10 
0 .I 19E- 10 
0.19 IE- 10 
0.15 1E-10 
0.234E-10 
0.190E-10 
0 -27 1E- 10 
0.225E- 10 
0.271E-IO 
0.225E-10 
0 -234E- 10 
0.19 0 E- 10 
0 -19 1E- 10 
0 .I 5 IE- 10 
0.156E-10 
0.119E-10 
0.130E- 10 
0.962E-11 
0 -1 1 Z E - I O  
0.797E-11 
0 -9 76E- 1 I 
0 -67 SE- 11 
0.869E-11 
0.581E-11 
0.78 5E-11 

- 0 - -507E-11 - - - - - 

0.448E-11 
0.70 1E-11 
0.433E-11 
0.760E- I1 
0 -48 5E- 11 
0 -8 34E- 11 
0.550E- 11 
0.925E-I1 
0 -6 3 0 6  1 I 
0 .lo*€- 10 
0.729E-11 
0 -1 1 BE- 10 
0.8 5 3 E- 1 1 
0.136E-10 
0.10 1E- 10 
0 .I 56E- 10 
0 .  I 1 9 E -  10 
0 .  I7 7E-10 
0.13 BE- 10 
0.19 1E- 10 
0 -15 1E- 10 
0.19 1E- 10 
0 . I  5 1E-10 
0.17 7E- 10 
0 I 138E- 10 
0.1 56E- 10 
0.1 19E- 10 
0.1 36E- 10 
0.101E-10 
0.1 1 BE- 10 
0.8 5 3E-11 
0.10 4E- 10 
0.7296-11 
0.925E-11 
0.630E-11 
0 -834E- I1 
0.55oE-11 
0 -7 6 OE- 11 
0 -4 8 5E- 11 
0.701E-11 
0 -433E- 11 
0.680E-11 
0 -4 I3E- 1 I 
0.731E-11 
0.459E- 11 

0.7 ie&iI  

GROUND D E P O S I T I C N  R b T E  
(PCI ISQUARE CH-SEC) 

0.0 
0.71oE-11 
0.0 
0.604E-I 1 
0.0 
0.524E-11 
0. c 
0.45SE-11 
0. c 
0.448E-I1 
0.0 
0.507E- l l  
0.0 
0.581E-11 
0.0 
0 .675-1  I 
0 .0  
0.797E-11 
0. c 
0.562E-11 
0.0 
0.119E-10 
0 . 0  
0.151E-10 
0.0 
0.190€-10 
0.0 
0 . Z Z Y - l O  
0.0 
0.225€-10 
0.0 
O. lFOE-IO 
0 .0  
0.151E-I 0 
0.0 
0.11SE-10 
0.0 
0.962E-11 
0 .0  
0.797E-11 
0.0 
0.675E-11 
0. c 
0.581E-11 ~~ 

0.0 
0.507E-11. 
0.0  
0.44BE-I1 
0.0 
0.43Y-11 
0.0 
0.48%-11 
0.0 
0.55OE-11 
0.0 
0 .  b 3 E - 1 1  
0.0 
0.724-11 
0.0 
0.85Y-1 I 
0.0 
0.101E-10 
0.0 
0.119E-IO 
0.0 
0.138E-10 
0.0 
0.151E-10. 
0 .0  
0.151E-10 
0.0 
0.138E-IO 
0 . 0  
O.l1*-10 
0. c 
0.101E-1 0 
0.0 

0.0 
0.72%-11 
0.0 
0.634-11 
0.0  
0.55oE-11 

o.esE-11 

0. c 
0.4.95E-11 
0.0 
0.433E-11 
0.0 
O.41K-I 1 
0.0 
0 .454-11  



I 
I 
I 

I 
I 
1 
1 
1 
I 

AREA 

COLUMN 
1 5  
15 
1 5  
1 5  
15 
1 5  
15 
1 5  
1 5  
15 
1 5  
1 5  
15 
1 5  
15 
1 5  
1 5  
1 5  
1 5  
1 5  
1 5  
15 
1 5  
1 5  
15 
1 5  
1 5  
1 5  
1 5  
1 5  
1 5  
1 5  
15 
15 
15 
1 5  
1 6  
1 6  
1 6  
1 6  
1 6  
1 6  
16 
1 6  
1 6  
16 
1 6  
16 
1 6  
1 6  
1 6  
1 6  
16  
1 6  
16  
1 6  
1 6  
16  
16  
16 
1 6  
1 6  
1 6  
1 6  
1 6  
16 
1 6  
1 6  
1 6  
1 6  
16 
16 
16  
1 6  
1 6  
1 6  
1 7  
17 
1 7  
1 7  
1 7  
1 7  
1 7  
17  
1 7  
1 7  
1 7  
17  
1 7  
1 7  
1 7  
1 7  

R O Y  
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
8 
8 
9 
9 

10 
1 0  
11 
11 
12 
1 2  
13  
13 
14 
1 4  
1 5  
1 5  
1 6  
1 6  
17  
1 7  
18 
1 8  
1 9  
19  
2 0  
2 0  

1 
1 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
8 
8 
9 
9 

1 0  
1 0  
11 
11 
12 
12 
1 3  
1 3  
1 4  
14 
1 5  
1 5  
16  
16 
17 
1 7  
18 
18 
19 
19 
20 
2 0  
I 
1 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
8 
8 

NUCL IOE 

K K - 8 5  
RU-103 
K d - 8 5  
RU-103 
K R - 8 5  
XU-103 
KR- 85 

K K -  85 

K K - 8 5  
R U - I O 5  
Kd-85 
nu-103 
K1- 85 
ZU-103 
K R -  85 
RU-103 
K K - 8 5  
RU-103 
K K - 8 5  
R U - 1 0 5  
K R - 0 5  
MU-103 
K R -  85 

K R - 8 5  
RU-103 
K K - 8 5  
ZU-103 
K R -  85 
RU-103 
K R - d 5  
RU-103 
K d -  85 
RU-103 
K K - 0 5  

K K -  85 
MU-103 
K R - 8 5  

KR-85 
RU-103 
K R -  85 
XU-103 
K K - 8 5  
*U-103 
K K -  85 
ilU-103 
K K -  85 

K K - 8 5  
MU-I 03 
KR- 85 
RU-103 
KR-85 
RU-103 
K R - 8 5  
XU-103 
I(*-05 
dU-103 
K R - U S  
Mu-I03 
K a -  85 
*u-103 
K K - 8 5  

K R - 8 5  
RU-103 
K 1 - 8 5  
N U - I 0 5  
KR-85 
RU-I03 
K R - 0 5  
dU-103 
K R - d 5  
tiU-103 
K K -  85 
RU-103 
KM- 85 
nu-105 
K R - 6 5  
RU-I03 
K R -  85 
R +-A03 
K K - 8 5  
RU-103 
K R - 8 5  
dU-103 
K R -  85 
MU-103 

au-103 

w-103 

au-103 

a w l 0 3  

RU-103 

au-103 

rlu-103 

2-69 

A I R  CONCENTRAT I O N  
l PCIlCC I 

O.794E- 1 1 
0 -5 15E- 11 
0.869E-11 
0.581E-11 
0.9 58E- 11 
0.659E-11 
0.106E- 10 
0.750E-11 
0.1 18E- 10 
0 .8 53E- 11 
0 .  1 30E- 10 
0.962E- 11 
0 -14 1E- 10 
0.10 6E- 10 
O.148E-IO 
0 -1 12E- 10 
0.14EE-10 
0.112E-lo 
0.14lE-10 
0.106E- 10 
0.130E- 10 
0.96 2E- 11 
O.118E-IO 
0.853E-11 
0.106E-10 
0.750E- I1 
0.958E-11 
0.659E-11 
0.869E-11 
0.58 1E- 11 
0.794E-11 
0.515E-11 
0.731E-11 
0 -459E- 1 1 
0.68OE-11 
0.413E-11 
0.656E-11 
0 -39ZE- 11 
0.70 1E-11 
O.433E- 11 
0 -7 53E- 11 
0.479E-11 
0.813E-11 
0 -5  3 2E- 11 
0 .88 ZE-11 
0.592E-11 
0.958E-11 
0.659E- 11 
0.104E-10 
0.729E-11 
0.1 1 ZE- 10 
0 -79 7E- 11 
0.118E-lo 
0.8 53E-11 
0.12 2E- 10 
0.886E- 11 
0 -1 22E- 10 
0 -8 86E- 11 
0 -1 18E- 10 
0 -8 5 3 6  11 
0 -1 1 ZE- 10 
0.797E-11 
0.104E- 10 
0.729E-11 
0 -9 58E- 11 
0-659E-11  
0.882E-11 
0.59ZE- 11 
0 -8 H E - 1 1  
0.53ZE-11 
0 -7 53E- 11 
0.479611 
0.701E-11 
0 .433Ea 11 
0 -6 56E- 11 
0 -39 2E- 11 
0.6 3 1E- 11 
0.369E-11 
0.670E- 1 1 
0.404E- 11 
0.7 13E-11 
O.443E-11 
0.760E-11 
0.485E-11 
0.8 13E-11 
..___. 0 -5  32E: 1_1 
0 - 8 6 9 6  11 
0.581E-11 
0 -925E- 11 
0.630E- 11 
0.976E- 11 
0 -6 7 5E- 11 

GROUND DEPOSITICN RATE 
(PCI /SOUARE CII-SECI 

0.0 
0.515E-11 
0.0 
0.581E-11 
0.0 
0.659E-11 
0.0 
0.75E-11 
0.0 
0.85X-11 
0.0 
0.962E-11 
0.0 
O . l O ~ - l O  
0.0 
0.11~-10 
0.0 
0.112E-10 
0.0 
0.106E-10 
0.0 
0.962E-11 
0.0 
0.85P-11 
0.0 
0.750E-11 
0.0 
0-659E-11 
0.0 
0.58E-11 
0.0 
0.515E-11 
0.0 
0-45E-11 
0.0 
0.413E-11 
0.0 
0.392E-11 
0.0 
0.433E-11 
0.0 
0,47S€-11 
0.0 
0.53if-11 
0.0 
0.592E-11 
0.0 
0.659E-11 
0.0 
0.729E-11 
0.0 
0.797E-11 
0. 0 
0.853E-11 
0.0 
0.886E-11 
0.0 
0.886E-11 
0.0 
0.853E-11 
0.0 
0.797E-11 
0.0 
0.724-11 
0.0 
0.65.1E-ll 
0.0 
0.592E-11 
0.0 
0.532E-11 
0.0 
0 - 5 7 s - 1 1  
0.0 
0-4335-11 
0.0 
0.392E-I 1 
0.0 
0.369E-11 
0.0 
0.4OY-11 
0.0 
0.443E-11 
0.0 
O.48K-11 
0.0 

0.0 
O._532E:LL 
0.5 El€-1 1 
0.0 
0.630E-11 
0.0 
0.67Y-11 



2-70 

A I R  CPNCENTRATION 
1 P C I / C C )  

AREA 

COLUMN ROY 
17 9 
17 9 
17 10 
17 10 
17 11 
17 1 1  
17 12 
17 12 
17 13 
17 13 
17 14 
17 14 
17 15 
I 7  15 
I 7  16 
17 16 
I 7  17 
17 17 
17 18 
I 7  1 8  
I 7  19 
I 7  19 
17 20  
17 2 0  
18 1 
18 1 
18 2 
I 8  2 
18 3 
18 3 
18 4 
18 4 
1 8  5 
18 5 
18 6 
18 6 
18 7 
18 7 
18 8 
18 8 
18 9 
18 9 
18 1 0  
18 10 
18 11 
18 11 
18 12 
18 12 
18 13 
18 13 
18 14 
18 14 
18 1 5  
1 8  15 
18 16 
18 16 
1 8  17 
18 17 

18 20 
18 2 0  
19 1 
19 1 
19 2 
19 2 
19 3 
19 3 
19 4 
19 4 
19 5 
19 5 
19 6 
I9 6 
19 7 
19 7 
19 8 
19 8 
19 9 
19 9 
19 10 
19 1 0  
19 11 
19 1 1  
19 12 
19 12 
19 13 
19 13 
19 I4 
19 14 

NUCLIOE 

KR-85 
WU-103 
KO-85 
au-103 
KR-85 
RU-103 
KR-05 
R U - 1 0 3  
KR- 85 
RU-I03 
KR-85 
RU-103 
KR-85 
ilU-103 
KR-85 
ilU-103 
KR-85 
RU-103 
KR-05 
RU-103 
KR-85 
KU-103 
KO- 85 

KO- 85 
RU-103 
KR-85 
RU-I03 
K I -  85 
RU-103 

R U - 1 0 3  
KR-85 
RU-103 
KR-05 
RU-103 
KR-85 
RU-103 
KR- 85 
RU-103 
KP-05 
RU-I03 
KR- 85 
RU-103 
KR- 85 
KU-103 
KR-85 

KR-85 
R U - I O 3  
Kil-85 
K U - 1  03 
KR- 85 
RU-103 
KR-85 
R U - 1 0 3  
KR-85 
*U-IO3 
KR- 85 
_._._ R U- 1-03 
Kil-05 
RU-103 
KR- 85 
*U-103 
KL- 05 
RU-IO3 
KR-85 
RU-103 
KR- 85 
RU-103 
KR-05 
RU-103 
KR-85 
RU-103 
KR-85 
RU-103 
KR-85 
XU-103 
KR-85 
RU-103 
KR-05 
RU-I03 
KR- 85 
RU-103 
KR-85 
RU-103 
KR-85 
RU-103 
KR- 85 
RU-103 
KR-85 
RU-103 

OU-103 

~ a - 0 5  

O U - ~ Q ~  

0:1;102E~i3- 
0.71OE-11 
0.10 4E- 10 
0 -729E-11 
0 10 4E- 10 
0.729E- 11 
0.102E- 10 
0.710E-I1 
0 -9 76E- I1 
0 -6 7 5E- 11 
0.9 2 5 E - l i  
0.630E- 11 
0.869E- 11 
0-581E-11 
0 -8 13E-11 
0.532E- 11 
0.760E-11 
0.48 5E- 11 
0-7 13E- 11 
0.443E- I1 
0.6 7OE-1 1 
0 -40 4E- 11 
0.63 IE- 11 
0-369E- 11 
0 .606E-ll 
0.346E-11 
0 - 6 3 9 5  11 
0-376E-I1 
0 -67 5E- 11 
0.409E-11 
0 -7 I3E-11 
OA43E-11 
0 -7 53E-11 
0 -479E-11 
0 . 7 9 4 s  11 
0.5 1%-11 
0 -8 34E- 11 
0.5 50E- 11 
0.869E-11 
0.58 IE- I1 
0.896E-11 
0 -60 4E- 11 
O.91OE-11 
0.617E-11 
0 -9 IO€- 1 1 
0.6 17E-11 
0.896E-11 
0.604E-11 
0-869E-11 
0.581E-11 
0.8 34E-11 
0.550E-11 
0 -794E- 11 
0 -5 15E-11 
0.753E-11 
0.479E-11 
0.713E-11 
O1443E- 11 
0 -675E- I1 
0-409s-11 
0.639E-11 
0 -37 6E- 11 

_ _ - -  ~ ..__. 

0.606E- 11 
0.346E-11 
0.582E-11 
0.323E- 11 
0.609E-11 
0 -349E- 11 
0.639E-11 
0.376E-11 
0 -6 70E- 11 
0.404E-11 
0 -70 1E-11 
0.433E-I1 
0.731E-11 
0.459E-11 
0.760E- 11 
0 -485E- 11 
0.785E-11 
0.507E-11 
O.804E-11 
0.524E-11 
0.8 13E- 11 
0 -5 32E- I1 
0.8 13E-11 
0.532E-11 
0.804E-I1 
0.524E- 11 
0.78 5E- 11 
0.507E-11 
0.760E-11 
0.48 5E- 11 

GROUND m p o s r i r m  R A T E  
I P C I  /SOUARE CW-SEC) 

0.0 
0.710E-11 
0.0 
0.724-11 
0.0 
0.729E-11 ~~ 

0.0 
0.7lOE-I 1 
0.0 
0.6 75E-11 
0. c 
0.630E-11 
0.0 
0.58 1E - I 1 
0.0 
0.532E-11 
0.0 
0.485E-11 
0.0 
0.443E-11 
0. c 
0.404E-11 
0.0 
0.36s-11 
0.0 
0- 3 4 s - 1  I 
0.0 
0.376E-I1 
0.0 
0.409E-11 
0 . 0  
0.44s-11 
0.0 
0.474-11 
0.0 
0.51K-11 
0.0  
0.550E-ll  
0.0 
0. 581E-1 1 
0.0 
0.604E-11 
0.0 
0.617E-11 
0.0 
0.617E-11 
0.0 
0.604E-L I 
0.0 
0.581E-11 
0.0 
0.550E-11 
0.0 
0-5 15E-11 
0.0 
0-47%-11 ~~ 

0.0 
0.443E-11 
0 .0  

- 0.40%-I1 . . . - . - -. . 
0. 0 
0.37s-11 
0.0 
0-34s-11  
0.0  
0-323E-11 
0.0 
0.345€-11 
0.0 
0 .37s -11  
0.0 
0-404E-11 
0.0 
0-433E-11 
0 . 0  
0.459E-I1 
0.0 
0 . 4 8 4 - 1 1  
0.0 
0.507E-I1 
0. 0 
0.524E-11 
0 .0  
0.532E-11 
0.0 
0.532E-1 I 
0.0 
0.524E-11 
0 .0  
0.507E-11 
0.0  
0-  4 8 5E -1 1 



I 
I 

AREA 

CRLUMN R W  
19 1 5  
19 1 5  
19 16 
19 1 6  
19 17 
1 9  17  
19 18 
19 18 
19 19 
19 19 
1 9  2 0  
19 2 0  
20 1 
20 1 
2 0  2 
2 0  2 
2 0  3 
20 3 
20 4 
20 4 
2 0  5 
2 0  5 
20 6 
20 6 
2 0  7 
2 0  7 
20 8 
20 8 
20 9 
20  9 
2 0  10  
2 0  1 0  
20 11 
20 1 1  
20 12  
20 12  
2 0  13 
20 1 3  
20 1 4  
2 0  1 4  
20 15 
20 1 5  
2 0  1 6  
20 1 6  
2 0  1 7  

20 18 
20  1 8  
20 19 
20 19 
20 2 0  
2 0  2 0  

20 i r  

AREA 

COLUMN R O Y  

1 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
1 8 
1 9 
1 10 
1 11 
1 12 
1 13 
1 14 
1 1 5  
1 16 
1 17 

NUCLIDE 

KR-85 
KU-103 
KR-d5 
RU-103 
KK-85 

Kt-85 
R U - I u j  
K9-85 
RU-103 
KR- 85 
RU-103 
KR-85 
*U-I03 
KR-85 
RU-10, 
KR- d5 
flu-105 
KK-85 
KU-I03 
KR-85 
RU-I 03 
KK-85 
RU-103 
KR-85 
aU-103 
KK-85 
XU-103 
KR-85 
RU-103 
KR-(15 
KU-103 
KR-85 

KR-85 
KU-103 

au-103 

. w - 1 0 3  - - - - - - 

KR-85 
RU-103 
KR-d5 
KU-103 
KR-85 
RU-103 
KK-d5 
2u-103 
KR-85 
RU-103 
KR- 85 
KU-103 
KR- 85 

KK-85 
RU-103 

nu-103 

2-71 

A I R  CCNCENTRATIGN 
IPC I /CC) 

0 -7 3 1E- 11 
0-459E-11 
0.701E-11 
0.433E-11 
0 -670E-11 
0 -404E- 11 
0.639E-11 
0.376E-11 
0.6 0 9E- 1 I 
0-349E-11 
0.582E-11 
0 -3 23E- 11 
0 -5  5 BE- 11 

' 0.301E-11 
0 -58  2E- 11 
0 -323E- 11 
0 -606E- I1  
0 . 3 4 6 6  11 
0.6 3 1E-11 

. 0.369E-11 
0.656E-11 
0 -39 ZE- 11 
0.680E-11 
0.4 1 3 6 1 1  
0.70 1E- 11 
0.433E-11 
0.71BE-11 
0.448E-11 
0.731E-I1 
0.459E-11 
0.738E-11 
0 -466E- 11 
0.738E-11 

0 -7 3 1E-11 
0.459E-11 
0 -7 18E-11 
0.448611 
0.70 IE-11 
0.433E-11 
0.68OE-11 
0.413E-11 
0.6 5 6 5 1 1  
0 - 3 9 2 6 1 1  
0.6 3 1E-11 
0.369E-11 
0 . 6 0 6 6 1 1  
0.346E-11 
0 -5 8 2E- 11 
0.323E-11 
0.558E-11 
0.301E-11 

n.466~-11 

GROUNO OEPOSITION RATE 
I PCI /SOUARE CM-SECl 

0.0 
0.4595-11 
0.0 
0.433E-11 
0.0 
0.404E-11 
0.0 
0.37%-11 ~~ 

0.0 
0.349E-11 
0.0 
0.323E-11 ~~ 

0.0 
0.3ClE-11 
0.0 
0.32P-11 
0.0 
0.34M-11 ~~ 

0.0 
0.364-11 
0.0 
0-392E-11 
0.0 
0.413E-11 
0.0 
0.433E-11 
0.0 
0.44E-11 
0.0 
0.454-11 
0.0 
0.466E-11 
0.0 
0-466E-11 
0.0 
0.454-11 
0.0 
0.448E-11 
0.0 
0.433E-11 
0.0 
0.413E-11 
0.0 
0.392E-11 
0.0 
0-3692-11 
0.0 
0.346E-11 
0.0 
0.323E-11 
0.0 
0.301E-11 

NOTE- T i €  AREA SURROUNOING THE P L A N T  IS  A SOUPRE YITH AN AREA 
OFZ5600.0 SQUARE KILOMETERS YITH THE PLAN7 LOCATED AT THE CENTER. 
THE SOUPRE AREA IS ALIGNEO DUE NORTH-SOUTH AN0 EAST-YEST. 1HE 
400 SHPLLER SOUARES. W l C H  ARE EACH 8000.0 METERS ON A SIGE.  
ARE IOENTIFIEJ BY COLUMN AN0 RON. COLUMNS ARE WMBEREO FROM 
1 TO 2 0  FRUM WEST TO EAST. RCYS ARE MM8EREC FROM 1 TO 20 FROM 
S O U M  TO NURTd. 

SUMMARY OF AREA SURROUNOING PLANT 

NO. BEEF CATlLE NO. MILK CATTLE FOOD CROPS YATER AREA POPULATION 

10000 
1 uooo 
10000 
I uooo 
10000 
l o o 0 0  
l iJU1)O 
IO000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10001) 
1 0000 

10000 
10000 
10003 
10003 
10000 
10000 
10000 
10003 
10003 
10000 
10000 
10000 
10303 
10003 
10000 
10000 
10000 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
I 
1 

0 
0 
0 
0 
0 
0 
0 
C 
0 
0 
0 
0 
0 
0 
0 
C 
0 

0 . 0  
( L O  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 .0 

4512.2 
11430.5 
11430.5 
11430.5 
13716.7 
914% 4 

13716.7 
13716.7 
11430.5 

0 . 0  



AREA 

COLUMN RflY 
1 18 
1 19 
1 20 
2 I 
2 2 
2 3 
2 4 
2 5 
2 6 
2 7 
2 8 
2 9 
2 10 
2 11 
2 12 
2 13 
2 14 
2 15 
2 16 
2 17 
2 18 
2 19 
2 20 
3 I 
3 2 
3 3 
3 4 
3 5 
3 6 
3 7 
3 8 
3 9 
.- 3 _ _  10 
3 11 
3 12 
3 13 
3 14 
3 15 
3 16 
3 17 
3 18 
3 19 
3 20 
4 1 
4 2 
4 '  3 
4 4 
4 5 
4 6 
4 7 
4 8 
4 9 
4 10 
4 11 
4 12 
4 13 
4 14 
4 15 
4 16 
4 17 
4 18 
4 19 
4 20 
5 1 
5 2 
5 3 
5 4 
5 5 
5 6 
5 7 
5 8 
5 9 
5 10 
5 11 
5 12 
5 13 
5 14 
5 15 
5 16 
5 17 
5 18 
5 19 
5 20 
6 1 
6 2 
6 3 
6 4 
6 5 
6 6 

6 
6 9 

6 7 .  

NO. R E E F  CbTTLE 

IO000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
IO000 
10000 
10000 
10000 
10000 
IO000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
~ 0 0 0 0  
10000 
10000 
10000 
IO000 
10000 

- 10000 - - _ _  -. 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
IO000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
Io000 
10000 
10000 
10000 
10000 
10000 
IO000 
10000 
10000 
10000 
1 0000 
10000 
10000 
10000 
10000 
10000 
10000 
~ 0 0 0 0  
IO000 
10000 
10000 
IO000 
L 0000 
10000 
10000 
10000 
10000 
10000 
10000 
IO000 
10000 
10000 
IO000 
IO000 
10000 
10000 
10000 

2-72 

NO. M I L K  CATTLE 

10003 
10003 
10000 
10000 
10000 
10003 
10003 
10000 
10000 
10000 
10303 
10003 
10000 
10000 
10000 
10003 
10003 
10000 
10000 
10000 
10303 
10003 
10003 
10000 
10000 
10003 
10000 
10000 
10000 
10000 
10303 
10003 
loooo_ 
loo00 
loo00 
10000 
10303 
10000 
10003 
10000 
10000 
10003 
10003 
10003 
10000 
10000 
10003 
10003 
10000 
10000 
10000 
10000 
10003 
10000 
10000 
10000 
10003 
10003 
10000 
10000 
10000 
10003 
10003 
10000 
10000 
10000 
lO0OJ 
10003 
10000 
10000 
10000 
10003 
10003 
10000 
10000 
10000 
10003 
10003 
10000 
loo00 
10000 
10003 
10003 
10000 
10000 
10000 
10003 
10003 
loo00 
10000 
10000 
10003 

Faao caops 

1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 

_ _  

MATER AREA 

a 
a 
a 
a 
0 
0 
0 
a 
a 
0 
0 
0 
C 

0 
C 
0 
0 

0 
0 
0 

0 
0 

0 
0 
C 
0 
0 
0 
0 

0 
0 

a 

a 

a 

a 

a 

1 0 
I 0 
1 0 

1 0 

1 0 
1 0 
1 0 
1 0 
I 0 
1 0 

1 a 
1 a 

1 a 
1 a 
1 0 
1 0 
I 0 
1 0 
1 0 
1 0 

1 0 
1 0 

1 0 

1 0 
1 0 
1 0 
I 0 
1 0 
1 0 
1 0 
1 C 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 

1 0 
1 0 

1 a 

I a 

1 a 

1 a 

P C P U L I T I C C  

11430.5 
11430.5 
4572.2 

0. 0 
0.0 
0 . 0  
0. 0 
0. 0 

0. 0 
4572.2 
11430.5 
11430.5 
11102.8 
12405.5 
I1 750.0 
9791. 7 
13708.3 
11750.0 
12405.5 
11102.8 
11430.5 
11430.5 
4572.2 

0. 0 
0.0 
0. 0 
0.0 
0 .0  

4572.2 
11430.5 
13716.1 
. 10447.2 - - - - - - - 
13708.3 
13708.3 
11750.0 
11 750.0 
15666.7 
11750.0 

13708.3 
10447.2 
13716. 7 
11430.5 
4572.2 

0.0 
0. 0 
0.0 

4572.2 
11430.5 
13116.7 
14036.1 
13708.3 
I1 750.0 
13632.0 
13555.6 
10147.7 

13555.6 
13632.0 
11 750.0 
13708.3 
14036.1 
13716.7 
31430.5 
4572.2 

0. 0 
0.0 

11430.5 
11430.5 
1 Ok47.2 
13708.3 
13199.7 
13555.6 
13047.0 
13047.0 
13047.0 
15946.3 
13047.0 
13 047.0 
13555.6 
13199.7 
13708.3 
10447.2 
11430.5 
11430.5 

0.0 
4572.2 
11430.5 
11102.8 
13708.3 
11750.0 

0. a 

13708.3 

13041. o 



bREA 

~ ~ L U M N  
6 
6 
6 
6 
6 
6 
6 
6 
b 
6 
6 
7 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

7 
7 
7 
7 

7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
P 
9 
9 
9 
9 
9 
9 

10 
10 
10 
10 
LO 
10 
10 
10 
10 
IO 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
I 1  

7 

7 

7 

ROY 
10 
11 
12 
13 
14 
15 
-15- 
17 
18 
19 
20 
I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
1 
2 
3 
4 
5 
b 
7 
8 
9 

10 
I1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
1 
2 
3 
4 
5 
6 
7 
E 
9 
IO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1 

NG. BEEF CbTTLE 

10000 
1 0000 
10000 
I w o o  
10000 
10000 
...... 1 0000 
1 0000 
IO000 
10000 
10000 
IO000 
10000 
10000 
1 0000 
10000 
10000 
10000 
10000 
10000 
1 0000 
10000 
1 0000 
1 0000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
1 0000 
10000 
I0000 
10000 
10000 
10000 
1 0000 
10000 
IO000 
1 0000 
IO000 
10000 
10000 
10000 
10000 
10000 
1 0000 
10000 
10000 
IO000 

10000 
10000 
1 0000 
10000 
10000 
10000 
10000 
1 0000 
10000 
10000 
10000 
10000 
IO000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
A 0000 
10000 
10000 
10000 
10000 
10000 
10000 
1 0000 
10000 
1 0000 
10000 

10000, 

2-73 

NO. H I L I  CbTTLC 

10003 
10003 
10000 
10000 
10003 
10003 

~10000 
10000 
10003 
10003 
10003 
10000 
10000 
10000 
10003 
10003 
10000 
10000 
10003 
10003 
10303 
10003 
10000 
10000 
10003 
10003 
10000 
loo00 
10000 
10003 
10003 
10003 
10000 
10000 
10003 
10003 
10000 
10000 
10000 
10003 
10003 
10003 
10000 
10000 
10003 
10003 
10000 
10000 
10003 
10003 
10003 
10000 
10000 
10003 
IO003 
10003 
10000 
10000 
10000 
10003 
10000 
10000 
10000 
10000 
10003 
10003 
10000 
10000 
10000 
10003 
10003 
10000 
loo00 
10000 
10003 
10003 
10000 
10000 
10000 
10003 
10003 
10000 
10000 
10003 
10003 
10003 
10000 
10000 
10003 
10003 
10003 
10000 

FOOD CROPS 

I 
1 
1 
1 
1 
1 
I 
1 
1 
1 
I 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
I 
1 
1 
1 
1 
.~ 1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
I 
I 
I 
1 
1 
1 
1 
1 
1 
1 

- .  

YATER bREb POPULbTlOh 

U 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

_ _  

135551 6 
13047.0 
1291 0.0 
9599.7 
8532.3 
9845.0 

12910.0 
13047.0 
13555.6 

~__.___ 9599.7 

I1 750. 0 
13708.3 
11102.8 
11430.5 

9144.4 
11430.5 
12405.5 
l3708.3 
13632.0 
13047.0 
12910.0 
7876.0 
10501.3 
1181490 
13126. 6 
10501.3 
7876.0 
12910.0 
13047.0 
13632.0 
13708.3 

4572. 2 

12405.5 
11430.5 
91IC4 
9144.4 
13716.7 
11750.0 
I1 750.0 
13555.6 
13047.0 
9599.7 
10501.3 
1201&6 
8490.0 
9118.8 
12018. 6 
10501.3 
9599.7 
13047.0 
13555. 6 
11 750.0 
11750.0 
13716.7 
9144.4 

137167 
13708.3 
I56b& 7 
13047.0 
15946.3 
9845.0 
13126.6 
9118.8 
8561.1 
8561- I 
8490 0 

11 814.0 
8532.3 
13047.0 
10147.7 
11750.0 
9791.7 
9144.4 
9144.4 
91& 4 
9144.4 
9791.7 

I1 150.0 
10147.7 
13047.0 
8532.3 

11 814.0 
8490.0 
8561.1 
8561- 1 
9118.8 

13126.6 
9w5.0 
15946.3 
13047.0 
1566d 7 

13716.7 



AREA 

C S U M N  ROW 
I1 2 
11 3 
11 4 
11 5 
11 6 
11 7 

I 1  9 
I1 10 
11 11 
11 12 
11 13 
11 14 
I 1  15 
11 16 
I1 17 
11 18 
11 19 
I1 20 
12 I 
12 2 
I2 3 
I2 4 
12 5 
12 6 
12 7 
12 8 
12 9 
I2 10 
12 I1 
12 12 
12 13 
12 1k 
12 15 
12 16 
12 17 
12 18 
12 19 
12 20 
13 1 
13 2 
13 3 
13 4 
13 5 
13 6 
13 7 

8 .____ 13 _. 
13 9 
13 10 
13 11 
13 I2 
13 13 
13 14 
13 15 
13 16 
13 17 
13 18 
13 19 
13 20 
1k 1 
14 2 
14 3 
14 k 
14 5 
I4 6 
14 7 
14 8 
14 9 
14 LO 
I4 11 
14 12 
14 13 
14 1k 
14 15 
14 16 
Ik 17 
14 18 
14 19 
14 20 
15 1 
15 2 
15 3 
15 4 
15 5 
15 6 
I5 7 
15 8 
15 9 
15 10 
15 I1 
15 12 
15 

11 . 8  

NO. BEEF CllTTLE 

L 0000 
IO000 
1 woo 
10000 
IO000 
10000 
10000 
10000 
IO000 
10000 
L 0000 
IO000 
10000 
ioooo 
IO000 
10000 
10000 
ioooo 
10000 
10000 
L 0000 
10000 
IO000 
1woo 
10000 
10000 
10000 
Io000 
10000 
10000 
10000 
IO000 
10000 
10000 
10000 
10000 
I0000 
10000 
10000 
IO000 
10000 
10000 
l0000 
10000 
10000 
10000 
10000 
L O O 0 0  
10000 
ioooo 
IO000 
10000 
10000 
10000 
10000 
10000 
1 oouo 
IO000 
I moo 
io000 
I woo 
Io000 
I0000 
IO000 
10000 
~ 1 W O O  
IO000 
10000 
10000 
10000 
10000 
IO000 
10000 
10000 
10000 
1 WOO 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
1 W O O  
IO000 
10000 
10000 
IO000 
10000 

_ _ _ _ _ _  

2-74 

NO. M I L K  CATTLE FOOO CROPS 

l0OG 
10000 
10003 
10003 
10003 
10000 
10000 
10003 
10003 
10003 
10000 
10000 
10003 
10003 
10003 
10000 
10003 
10003 
10003 
10000 
10000 
10000 
10003 
10003 
10000 
10000 
L O O 0 0  
10003 
10003 
10000 
10000 
10000 
10003 
10003 
10003 
10000 
10000 
10003 
10003 
10000 
loo00 
10000 
10003 
10003 
10000 
loo00 
10003 
10000 
10003 

_ _ _ _ _ _  

10000 
10000 
10000 
10003 
10000 
10003 
10000 
loo00 
10003 
10003 
10000 
loo00 
10003 
10003 
10003 
10000 
10000 
10000 
10003 
10003 
10000 
10000 
10003 
10003 
10003 
10000 
10000 
10000 
10003 
10003 
10000 
10000 
10000 
10003 
10003 
10000 
10000 
10000 
10003 
10003 
10000 
10000 
10000 

1 
I 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
I 
1 
1 
I 
1 
1 
1 
I 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
I 
1 
1 
1 
1 
.1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

WATER AREA 

0 
0 
0 
0 
0 
C 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
C 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
C 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
U 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

PC.PULAT1E.Y 

- 
13708.3 
13716.7 
13716.7 
9144.4 
13716.7 
11750.0 
11 750.0 
13555.6 
13047.0 
9599.7 
105 01.3 
12018.6 
9118.8 

12018.6 
10501.3 
9599.7 
13047.0 
13555. 6 
11750.0 
11 750.0 
13 71 6.7 
9144.4 
9144.4 
11430.5 
12405.5 
13708.3 
13632.0 
13047.0 
12910.0 
7876.0 
10501.3 
13126.6 
1181k. 0 
10501.3 
7876.0 
12910.0 
13047.0 
13632.0 
13708.3 
12405.5 
11430.5 
91 44.4 
4572.2 
1143% 5 
11102.8 
13708.3 ~ _ ~ .  

13555.6 
13047.0 

9599.7 
9845.0 
8532.3 
9599.7 

13 047.0 
13555.6 
I1 750.0 
13708.3 
11102.8 
11430.5 
4572.2 

11k30.5 

10447.2 
13708.3 
13199.7 
13555.6 
13 047.0 
13047.0 
15946.3 
13047.0 
13047.0 
13047.0 
13555.6 
13199.7 
13708.3 
10447.2 
11 k30.5 

0. 0 
0. 0 

4572.2 
11430.5 
13716.7 
14036. 1 
13708.3 
11 750.0 
13632.0 
13555. 6 

8490. o 

11750. o 

12910.0 

129io.o 

0.0 

11430.5 

11430. 5 



I 
I 
I 

1 
I 

AREA 

CflLUMN ROW 
15 14 
15 15 
15 1 6  
15 17 
15 18  
15 19 
15 2 0  
16 1 
16 2 
16 3 
16 4 
16 5 
16 6 
16 7 
16 8 
16 9 
16 10 
16 11 
16 12 
16 13 
16 .I.* 
16 15 
16 16 
16 17 
16 18 
16 19 
16 2 0  
17 1 
17 2 
17 3 
17 4 
17 5 
17 6 
17 7 
I7 8 
17 9 
17 10 
I7 I1 
17 12 
I7 1 3  
17 14 
I7 15 
I7 16 
I7 17 
17 18 
17 19 
I7 20 
18 I 
18 2 
18 3 
18 4 
18 5 
18 6 
18 7 
18 8 
18 9 
18 10 
18 11 
18 12 
18 13 
18 14 
18 I5 
18 16 
18 17 
18 18 
18 19 
18 20 
19 I 
19 2 
I9 3 
19 4 
I9  5 
19 6 
19 7 
1'9 8 
19 9 
19 10 
19 I1 
19 12 
19 13 
19 14 
19 15 
19 16 
19 17 
19 18 
19 19 
_ _ _  19 20 
20 1 
20 2 
20 3 
20 4 
.. 20 5 

NO. REEF CAT1 

10000 
10000 
10000 
10000 
IO000 
10000 
10000 
10000 
10000 
lo000 
10000 
10000 
10000 
1 woo 
IO000 
10000 
10000 
IO000 
10000 
10000 
10000 
10000 
10000 
10000 
IO000 
10000 
Io000 
10000 
10000 
A 0000 
10000 
10000 
10000 
10000 
Io000 
IO000 
10000 
10000 
A 0000 
L O O 0 0  
IO000 
10000 
10000 
10000 
A 0000 
10000 
IO000 
10000 
10000 
10000 
10000 
10000 
1 oouo 
10000 
10000 
IO000 
10000 
10000 
10000 
Io000 
IO000 
10000 
IO000 
10000 
1 ouoo 
io000 
IO000 
10000 
10000 
1 M O O  
IO000 
10000 
10000 
Io000 
10000 
loo00 
Io000 
10000 
lo000 
Io000 
10000 
1 0000 
10000 
10000 
I W O O  
IO000 
.____. 10000 
10000 
10000 
Io000 
IO000 
Io000 
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rLE NO. MIL K  CATTLE 

10003 
10003 
10000 
10000 
10000 
10003 
10003 
10000 
10000 
10003 
10003 
10003 
10000 
10000 
10000 
10003 
10003 
10000 
10000 
10000 

_ _ _ _ _ _  10000 
10000 
10000 
10000 
10000 
10003 
10003 
loo00 
10000 
10000 
10003 
10003 
10000 
10000 
10003 
10303 
10003 
10003 
10000 
10003 
10003 
10003 
10003 
10000 
loo00 
10003 
10003 
10003 
10000 
10000 
10000 
10003 
10000 
10000 
10000 
10003 
10003 
10000 
10000 
10000 
10003 
10003 
10000 
10000 
10003 
10003 
10003 
10000 
10000 
l O O O 0  
10003 
I0003 
10000 
10000 
10000 
10003 
10000 
10003 
loo00 
10003 
10003 
10003 
10003 
10000 
10000 
10003 
10003 
10000 
_____. 

10000 
10000 
10003 
10003 

FOOD CROPS 

I 
1 
1 
1 
I 
I 
I 
1 
1 
1 
I 
1 
1 
1 
1 
I 
I 
I 
1 
1 
1 
1 
I 
1 
1 
1 
I 
1 
I 
1 
1 
1 
I 
1 
1 
1 
I 
1 

_. 

1 
I 
I 
I 
1 
1 
1 
I 
1 
1 
1 
1 
f1 
1 
I 
I 
1 
I 
1 
1 
1 
I 
I 

I 
1 
1 

I 
-1 
1 

WATER AREA 

a 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

-. 

0 

POPULITION 

13Ok7.0 
10147.7 
13555.6 
13632.0 
I1 750. 0 
33708.3 
14036. I 
13716.7 
11430.5 
4572.2 

0.0 
0.0 
0.0 

4572.2 
11430. 5 
13716.7 
10447.2 
13708.3 

11 750. 0 

I1 750. 0 
11 750. 0 
13 708.3 

10447.2 
13 716.7 
11430. 5 
4572.2 

0.0 
0.0 
0.0 
0 . 0  
0 . 0  

4572.2 
11430. 5 
11430.5 
131u2.8 
12405.5 
11 750.0 
13708.3 
9791- 7 

11750.0 
12405.5 
11102.8 
11430.5 
11430.5 
4572.2 

0.0 
0.0 
0.0 
0 .0  
0 .0  
0 .0  
0.0 

4572.2 
11430.5 
11430.5 
11430.5 
13116.1 
13716.7 
9144.4 

13716.7 

1143345 
l l43Q 5 
4572- 2 

0.0 
0.0 
0.0 
0 . 0  
0 .0  
0 .0  
0.0 
0 .0  
0 .0  
0 .0  

4572.2 
9144.4 
9144.4 

13716.1 
91414 
9144.4 
9144.4 
4572.2 

0.0 
~-~~ 0 .0  
0.0 
0 . 0  
0 .0 

0.0 

ni0a3 

-_ 15- - _ _  _ - 7 

u i o a  3 

11430.5 

0.0 
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AREA NO. BEEF CATTLE NO- NtLK CATTLE FOOD CROPS 

UILUNN ROY 
20 6 I woo ;oooo 1 
20  r 10000 10000 1 
2 0  8 10000 10003 1 
20  9 10000 10003 1 
20  LO 10000 10003 I 
20 11 10000 10000 1 
20 12 10000 10000 1 
20 13 1 0000 10000 1 
20 I4  10000 10003 1 
20  15 IO000 10003 I 
20  16 10000 10000 I 
20 11 10000 10000 1 
20 18 I 0000 10003 1 
20 19 10000 10003 I 
20 20 10000 10003 I 

r U R  FOOD CROPS-O= NONE OR MINIMAL A N 0  1s FOOD CROPS PROOUCEO 
H)R MATER AREAS--* NONE OR MININAL AN0 1~ MAJOR MATER AREA PRESEHT 

WATER AREA 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

POPULATICh 

u. 0 
0.0 
0.0 
0. 0 
0 . 0  

2572.2 
91 24.4 
9124.4 
9144.+ 
13 716.7 
9144.2 
91 44.2 

0 . 0  
0 . 0  

45r2.z 
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DOSE TO EACH ORZPN TrlRUUGH EACH PATHUAY FOR EACH R A C I O N U C L I O E  1MAN-REMSlYEARJ 

RANK N! lCLIOf  PATHUAV TOT.BOOV G I  TRACT 6ONE 7 H Y R C I O  LUNGS W S C L E  K I O N E Y S  L I V E R  SPLEEN TESTES O V A R I E S  

I RU-103 INHAL. 0.21E-03 C.29E-02 0.42E-03 0.21E-03 O.ZOE-01 0.21E-03 0.17E-02 0.21E-03 0.21E-03 0.21E-03 0-21E-03 
SU8'1 A I R  0.16E-03 0.16E-03 0. lat-03 O.16E-03 O.16E-03 0.16E-03 0.16E-03 0-16E-03 0.16E-03 0-16E-03 0.16E-03 
5URFACE 0.14E 00 0.1% 00 0.14E 00 0.14E 00 0.14E 00 0.14E 00 0.14E 00 0.14E 00 0.14E 00 0.14E 00 L 1 4 E  00 
INGEST. 0.16E-01 0.4% 01 0.34:-01 0.16E-01 0.0 0.16E-01 0.14E 00 0.16E-01 0.16E-01 0.16E-01 O-lbE-01 
S H I M M I N G  0.96E-15 0.96E-I5 0.96E-15 0.96E-15 0.96E-15 0-96E-15 0.96615 0.96E-15 0-96E-15 0-96E-15 0.96E-15 

2 K R - 8 5  I V H A L  - 0.36E-12 0.36E-12 0.36E-12 0.36E-12 0.36E-12 0.36E-12 0-36E-12 0.36E-12 0136E-12 0.36E-12 0.36E-12 
SU8'4 A I R  0.90E-06 0-9cE-06 0.90E-06 0-90E-06 0.90E-06 0.90E-06 0.9OE-06 0-9OE-06 0-9OE-06 0.90E-06 0.90E-06 
SURFACE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
INGEST.  0.0 0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 L O  
5 Y 1 ' 4 M I N G  0.0 c. 0 0.0 0.0 0.0 0 -0 0.0 0.0 0.0 0.0 L O  

PERCENT OF TOT.BOOY DOSE BY EACH P L T M I A Y  

NUCL I D E  PATHYAY DOSE(  CAN-REPS I P E R C E M  OF TOTAL 

K R - 8 5  

RU-I03 I NHA L. 
SUBM 4 I K  
SURFACE 
INGEST. 
S hI  NMI N; 
I NH4 L. 
SUBM P I K  
SURFACE 
1 NGE ST. 
SUI McU N; 

PERCENT OF ;I 

NUCL I O E  P A T H W V  

R U -  103 I NHAL. 
SUBN 4 1 R  
SURF A; E 
I NGE ST. 
S h I  MU1 N; 

SUBM 4 1 R  
SURFACE 
I NGE ST. 
S h I  M M l  N: 

KR- 85 I NHAL. 

0.209 € 4 3  
0.160E-03 
0.144E 00 
0.157 E-0 1 
0.958E-15 
0.3596-12 
0.901 E-06 
0.0 
0.0 
0.0 

0.1 
0.1 

89.9 
9.8 
0.0 
0.0 

100.0 
0 .o 
0.0 
0.0 

TRACT OOSE BY EACH P I T W A Y  

DOSE I MAN-REMS I PERCENT OF TOTAL 

0.289 E-02 
0.160E-03 
O.144E 00 
0-445E 01 
0.958E-15 
0.359E-12 
0.901 E-06 
0.0 
0.0 
0.0 

0.1 
0.0 
3. I 

96.8 
0 .o 
0.0 

100.0 
0.0 
0.0 
0.0 

PERCENT OF I)ONE DOSE BY EACH P A T M I A Y  

NUCL IO€ PATHUAY DOSE I MAN-REMS1 PERCENT CF TOTAL 

R U -  103 I NHAL. 0.422 E-03 0.2 
SUBM 4 I R  0.160 E -0 3 0.1 
SURFACE 0.144E 00 80.5 
I NGE ST. 0.343E-01 19-2 
S Y l M M I N i  0.958E-I5 0.0 

KR-85 I N H A L  0.359E-12 0.0 
s u n  P I U  0.901E-06 100.0 
SURFACE 0.0 0.0 

0.0 ~ 0.0 ... I N!XSI! - _ _ . ~  
S Y I M M I  NI 0.0 0.0 

PERCENT OF T H Y R O I D  DOSE BY EACH P A T M I A Y  
NUCL I O E  PATHUAY O O S E I  CAN-REMS1 PERCENT OF TOTAL 

RU- 103 I H A L .  0.209E-03 0.1 
S l B M  P I R  0.160 € 4 3  0.1 
SURFACE 0.144E 00 89.9 
INGEST. 0.157E-01 
SUIMMl~N; - 0.958 E-15 

KR-85 I NHAL. 0.359 E-12 
SUBM 4 1 R  0.901 €46 

_. 

SIRFACE 0.0 
I NGE ST. 0.0 
ShINMIN;  0.0 

9.8 
0.0 
0.0 

100.0 

~ 

0.0 
0 .o 
0.0 



NUCL IO€ 

R U -  103 

KR- 85 

NUCL IOE 

R U - 1 0 3  

KR-85 

NUCL IOE 

RU-103 

KR- 85 

NUCL IO€ 

RU-103 

KR-85 

NUCLIDE 

R L t  103 

KR-85 

N E L  ',DE 

RU-103 

KR-85 
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PERCENT OF LUNGS DOSE 8V EACH PATWAV 

PATHYLY OOSE(MAN-REMSI PERCENT CF TOTAL 

I NHA L. 
SUBH A I R  
SURFACE 
I NGE ST. 
SY I HHI N; 
I NHAL. 
SUBH A I R  
SUIFACE 
I NGE ST. 
SUIHHt N; 

PERCENT OF 

PATHUAV 

I N H A L  
SUBH 4 1 K  
SURFACE 
I NGE ST. 
ShIIV(1 N; 
I NHAL. 
SUBH 4 1 R  
SURFACE 
I NGE ST. 
SWIHHIN; 

0.205E-01 12.4 
0.160E-03 0.1 
0.144E 00 81.5 
0.0 0.0 
0.958 E-15 0.0 
0.359 E-12 0.0 
0.901E-06 100.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

MUSCLE DOSE 8V EACH PATWAV 

OOSE(MAN-REMSI PERCENT OF TOTAL 

0.209 E-03 
0.160 E-03 
0.144E 00 
0.157 E-0 1 
0.958E-15 
0.359E-12 
0.901 €46 
0.0 
0.0 
0.0 

0. I 
0.1 

89.9 
9.8 
0.0 
0.0 

100.0 
0 .o 
0.0 
0.0 

PERCENT OF KIDNEYS M)SE BV EACH P A J W A V  

PATHYLV DOSE(  MAN-REMS) PERCENT OF TOTAL 

I NHAL. 0.175E-02 0.6 
SUBH 4 1 K  0.160E-03 
SURFACE O.144E 00 

0.1 
50.0 

INGEST. 0.14ZE 00 49.3 
SYIHHIN; 0.958 E-1 5 0.0 
INHAL. 0-359E-12 0.0 
SUBH 4 t R  0.901 € 4 6  100.0 
SURFACE 0.0 0.0 
INGEST. 0.0 0.0 
SYlHMIN; 0.0 0 .o 

PERCENT OF L I V E R  DOSE EV F M H  PATWAY 

PATHYPV OOSE ( MAN-REMS 1 PERCENT OF TOTAL 

INHAL. 
SUBH 4 1 R  
SURFACE 
1 NGE ST. 
SYIHHI N; 
INHAL. 
S U M  b I R  
SURFACE 
I NGE ST. 
S Y t H l l I H i  

0.209E-03 
0.160E-03 
O. IWE 00 
0.157E-01 
0.958 €-I5 
0.359 E-12 
0.901E-06 
0.0 
0.0 
0.0 

0.1 
0.1 

89.9 
9.8 
0.0 
0.0 

100.0 
0 -0 
0.0 
0.0 

PERCENT OF SPLEEN OOSE 8V EACH PATWAY 

P A M Y L V  OOSE I LAN-REMS) PERCENT OF TOTAL 

I NHAL. 
SUBM 4 I R  
SUIFA'IE 
I NGE ST. 
S Y I M I  NS 
I NHAL, 
SUBH b I R  
SWFACE 
I NGE ST. 
SYIMMIN; 

0.209E-03 
0-160-3 
O.144E 00 
0.157E-01 
0.958 E-15 
0.359E-12 
0.901 E-06 
0.0 
0.0 
0.0 

0.1 
0. I 

89.9 
9.8 
0.0 
0.0 

100.0 
0.0 
0.0 
0.0 

PERCENT OF TESTES OOSE 8V EACH PATWAV 

P A n i m v  OOSE I MAN-REMS) PERCENT OF TOTAL 

INHAL. 
SU8H A I R  
SURFACE 
I NGE ST. 
S Y I W N ;  
I NHAL. 
SUBH A I R  
SURFACE 
I NGE ST. 
S Y I W  N; 

0.209E-03 
0- 160E-0 3 
0.144E 00 
0.157E-01 
0.958 E-I 5 
0.359E-12 
0.901E-06 
0.0 
0.0 
0.0 

0.1 

9.8 

0.1 
89.9 

0.0 
0.0 

100.0 
0.0 
0.0 
0.0 
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I 
I 

II 
t 
I 
1 
1 

1 
8 
8 
1 

PERCENT OF O V A R I E S  OOSE BY EACH PATHWAY 

NUCL I O E  P A M M Y  DOSE(  MAN-REMS I PERCENT OF TOTAL 

K R - 8 5  

R l k  103 I WAL.  
SUBM 4 1 R  
SURFACE 
I NGE Si. 
S W I  MMI lu; 
I NHAL. 
SUBM 4 1 R  
SURFACE 
I NGE Si. 
S MI MHI N; 

0.209 E - 0 3  
0.160E-03 
0.144E 00 
0.157E-01 
0.958 E-15 
0.359E-12 
0.901 € 4 6  
0.0 
0.0 
0.0 

0.1 
0.1 

89.9 
9.8 
0.0 
0.0 

100.0 
0 .o 
0.0 
0.0 

N K L I D E  

RC-103 

KR-85  

ORGAN 

T O T  A D O Y  

G I  R A C T  

RONE 

THYRO 10 

L UNGS 

YUSCLE 

C IONEYS 

DOSE TC EACH ORGPN FROM A L L  P A T W A Y S  

ORGAN W S E I M A N - R E W S I  

TCT.8OW 
G I  TRACT 
8 C h E  
THYRO I D  
LUNGS 
MUSCLE 
K I  O N M S  
L I  VER 
S P L E E N  
TESTES 
OV AR I ES 
T C T . 8 O M  
GI TRACT 
BONE 
THYROIO 
LUNGS 
MUSCLE 
K I  OREVS 
L I V E R  
S P L E E N  
TESTES 
OVARIES 

TOTAL OOSE FOR EACH P A T W A Y  

PATHWAY 

I NHAL. 
SUBM A I R  
SURFACE 
INGEST. 
SUI C C I M ;  
I NHAL. 
SU8M A I R  
SURFACE 
INGEST. 
SUI C H I  M; 
I NHAL. 
SUBW A I R  
SURFACE 
I NGESI. 
snx CMIK.  
I NH4L. 
s u m  AIR 
SURFACE 
I NGEST. 
S Y l C r l N G  
I M A L .  
SUBM A I R  
SURFACE 
I NGEST. 
SUI CMI H; 
I NHAL. 
SUBM A I R  
SURFACE 
INGEST. 
S W I C M I M ;  
I NHAL. 
SUBW A I R  
SURFACE 
I NGEST. 
S W I C C I M ;  

O-lbOE GO 
0.46OE 01  
0.179E OC 
0.160E 00 
0.165E 00 
0 - 1 6 0 E  OC 
0.288E 00 
0.160E 00 
O-lboE 00 
0.160E 00 
0.160E 00 
0.901E- 06 
0.901E- 06 
0.901E- 06 
0.901E- 06 
0.901E- 06 
0.901506 
0.901506 
0-901E- 06 
0.901E- 06 
0.901E-06 
0.90lE- 06 

00s E I M AN-R EMS I 

0.209503 
0.161E-03 
0.144E 00 
0.157E-01 
0.958E-15 
0.289E-02 
0. M E - 0 3  
0.144E 00 
0,445E 01 
0.9586 15 
0.422E-03 
0.161E-03 
O.144E 00 
0.343E-01 
0.958E- 15  
0.209E-03 
0.16lE-03 
0.144E 00 
0.157&01 
0.958E-15 
0.2osE-01 
0.161E-03 
0.144E 00 
0.0 
0.958515 
0.209E-03 
0,lblE-03 
V I  14-t 00 
0.157E-01 
0 . 9 5 8 5  I5 
0.175E-02 
0.l6lE-03 
0.144E 00 
O.142E 00 
0 . 9 5 8 5 1 5  

PERCENT 

0.1 
0.1 

89.9 
9.8 
0.0 
0.1 
0.0 
3.1 

96.8 
0.0 
0.2 
0.1 

80.5 
19.2 

0.0 
0.1 
0.1 

89.9 
9.8 
0.0 

12.4 
0.1 

81.5 
0.0 
0.0 
0.1 
0.1 

89.Y 
9.8 
0.0 
0.6 
0.1 

50.0 
49. d 

0.0 



L IVER 

SPLEEN 

TESTES 

3 V A R  I E S  

NUCL IO€ 

KR- 85 

RU- 103 

2-80 

I NHAL. 
SUBM A I R  
SURFACE 
INGEST. 
SUI P P I 6  
I NHAL. 
SUBM A I R  
SURFACE 
INGEST. 
S Y I  P P I  NG 
I N H I L -  
SUB* A I R  
SURFACE 
I NGEST. 
SUI CMING 
I NHAL. 
SUBM A I R  
SURFACE 
INGEST. 
SUI PPI* 

H I G H E S T  I N O I V I O U A L  DOSES 

ORGAN 

TOT.8 oov 

G I  TRACT 

BONE 

TrfVROI 0 

LUNGS 

MUSCLE 

K I D N E Y S  

L1 V€R 

SPLEEN 

TESTES 

O V A R I E S  

TOT. BOOV 

GI TRACT 

BONE 

TdVROI 0 

LUNG 5 

W S C L E  

K I J F E Y S  

L I V E R  

SPLEEN 

TESTE s 
O V A R I E S  

0.209E-03 
0.161E-03 
O.144E 00 
0.157E-01 
0.958E-15 
0.2096-03 
0. M E - 0 3  
0.144E 00 
0.157E-01 
0.958E-15 
0.2096-03 
0.161E-03 
0.144E 00 
0.15712-01 
0.958E- 15 
0.209E-03 
0.161E-03 
0.144E 00 
0.157E-01 
0.958E- 1 5  

I N  AREA FOR EACH N U C L I D E  

OOSE (REMS)  

G R I D  

O.lB7E-11 2 

0.187E-11 2 

0.187E- I I 2 

0.187E- 11 2 

0.187E-11 2 

0.187E-11 2 

0.187E- 11 2 

0.187E-11 2 

0.187E- 11 2 

0,187E- 11 2 

0.187E-11 2 

0.382E-06 2 

0.156E-05 2 

0.388E-06 2 

0.382E-06 2 

0 .43 lE-06 2 

0 -38 ZE-06 2 

0.420E-06 2 

0 - 3 8 2 E - 0 6  2 

0.382E-06 2 

0.382E-06 2 

0-3826-06 2 

NO. 1 I S  A 10 B Y  10 SOUAAE WITH THE SIOE CF EACH G R I D  600.0 METERS 
NO. 2 IS A 20 8 V  20 SOWRE U I T H  THE S I D E  CF EACH 61110 BOOO.0 METERS 

HIGHEST I N O I V I O U A L  DOSES I N  b R E l  

ORG b N  DOSE IREWS) 
TIT.8OOY 0.382E-06 
G I  TRACT 0.1566-05 
BONE 0.388E-06 
TW eo1 0 0.382E-06 
LUNGS 0.431 E-06 
MUSCLE 0.382E-06 
K I  0 NEV S 0.42OE-06 
L I V E R  0.382E-06 
SPLEEN 3.382 E-06 
TESTES 0.382E-06 
C V A R I E S  0.382E-06 

0.1 
0.1 

89.9 
9.8 
0.0 
0.1 
0.1 

89.9 
9.8 
0.0 
0. I 
0.1 

89.9 
9.8 
0.0 
0.1 
0.1 

89.9 
9.8 
0. 0 

LOCA T l O N  

COL M N  

10  

1 0  

10 

10 

10 

10 

1 0  

10 

10 

1 0  

10 

10 

10 

10 

L O  

10 

10 

10 

10 

10 

10 

10 

ROU 

10 

10 

10 

L O  

10 

10 

10 

10 

10 

10 

10 

10 

10 

1 0  

10 

1 0  

10 

10 

10' 

LO 

10 

10 



TABLE 2-4 RESUSPENSION CODE SAMPLE PROBLEM INPUT DATA 

1 
4 

0. 6 .  80. 
20. 20. 30. 
3. 
3. 
too, ~~~~ 

2.60 

.01 
2.1 13.5 2. r 

2 1.8 
0. I 1.22E-03 100- 

1.0E-5 
3 
3 

100. 1000. 10000. 
100 200. 0. 

3.75 

Np, no. o f  d i f f .  particle sizes 
#CAT, no. of particle s ize  categories 

Percentage, by weight, o f  total  no. of particles i n  each category 
Average dimneter of particle 
Range on either side of diameter for  mass-volume calculations 
Weiaht o f  varticle 

300. boo. Particle s ize  category boundaries, 0-6, 6-80, 80-300, 300-600 
30. 

Sa& parti’cte density 
Wind speeds a t  beginning 12.71, height (13.51,  and end 12.71 of dust s tom,  duration 140 hr), time of max windspeed (20 hrl 
Velocity o f  f a l l  
Wve o f  sand (21. saltation constant (1.81 

40. 20. 

1. S a  particle thEeshoM vel.  prop. c a s t .  (0.11, density of air ,  height of wind speed meas. (100 em), surface roughness (1 
Proportionality constant between saltation and suspension 
Stabi l i ty  type 
No. of distances a t  which cone. calc. t o  be d e  
Distances for ground level cone. calc. (meters) 
tio. of down-wind segments f o r  cone. calc., side of source square (1000 m),  cros&nd distance (01 
Effective height of the source 

N 

OD 
c 
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T A B L E  2-5 R E S U S P E N S I O N  CODE S A M P L E  P R O B L E M  

NIIMBEE CF AEROSOL PAT1TICLE S I Z E  TYPFS CCNSICERED= 1 

NllYRER CF G R O U N D  P A a T I C I E  S I Z E  CATFGOEIES Ili H I S T C G F A l =  4 

PARTICLE SIZF DISTRIBUTICN(EY UEIGHT) 

P E P C E N T A G E  O F  P A R T I C L E S  IN T H E  R A N G E  9.0 T r  6 . c ~  Y I C R C Y S =  20.93 

PERCPN'IAGE O F  P A P T I C I E S  I h  THE R A N G E  6.90 TC 1(0.00 YIC?OUS= 7 0 . 0 0  

PEPCENTAGE O F  PAE'IICLES TN "HE R A N G E  8 O . O ' l  "C 3 0 0 . 0 0  I T C R I Y S =  3 0 . 0 1  

PERCENTAGF OF PAPTICLES I h  THE 3 A N G E  390.0i TC 6CO.00 Y T C R O U S =  3 0 . 0 0  

ATPBORNF D U S T  S I Z E  IhFCFf!ATICH 

CFNTRCIC FCE P A R - I C I F  S I Z E  TYEE 1 = 3.90 I ICRCRS 

CIAYETEF 9ANGF F O R  S I Z E  TYPE 1 = 0.0 TO 6.C7 Y'CYINS 

DENSITY OF SAND PARTICLE$= 2.60 

WINDSPEED A? BEGINNING C P  DUST STORM= 2 . ? c  METEF-E/SIC 

WINCSFEEI: AT HEIGHT O F  5'ICPN- 1 3 . 5 0  IE'?FRS/SEC 

WIIDSPEEC A I  FNC O F  S T O F Y =  2.70 METEFS/SEC 

D I I B A T I C N  OF STORY= 4 O . C C  HOtRS 

TIEE OF Y A X T N U M  WINfSDEEC= 2 C . O C  HOUF? 

HOURLY UINCSPFED VALUES 

WINOSPEED DIIFING H O U R  1 = 2.97 PE'IEBS/SEC 

WINDSPEED DIJRTNG H O C R  2 = 3.51 WF?ERS/SCC 

HINDSPEEC C U R I N G  HOUR 3 = 4.05 NE'IERS/SEC 

WTWOSFEED D U R I N G  HOUR 1) = 4.59 METERS/SEC 

WIVOSPFEI: C U R I N G  AOUR 5 = 5.13 MEIERS/SEC 

WINDSPEED D U B I N G  HOUR 6 = 5.67 NE'IERS/SFC 

UINCSPEED D U X I N G  HOUR 7 = 6 .21  r E I E R S / S E C  

1 
I 
I 
1 
I 
I 
8 
I 
B 
1 
I 
d 
I 
D 
I 
1 
I 
I 
8 



W:?IDSPEED DIJRTNG HOUfi  r! = 

W : " C S F E E ~  D U ~ I N G  Y o n E  : = 

X I N C S P E F C  C U R I N G  H O n E  10 = 

U I t I ! ? S F E E r :  D U F I N G  HOUi i  11 = 

WTVCSFEET:  C I I F T N G  H O U R  12 = 

W;?!CSFEED D U 3 I N S  HOUR 1 3  = 

W I V D S P E E D  D I I ? T N G  HOUS 1 4  = 

w T v n s P F F n  D U ~ I T N G  R O I J R  = 

W I N D S P E E D  D I 1 9 T N G  H O U E  16 = 

Y T N C S P E f C  C U R I N G  HOU9 17 = 

W I N C S E E E D  Dl!ilIAG HOUA 18 = 

W:!:CSFFCC C l l R I N G  H 0 3 P  19 = 

U L N D S F E E D  D l l k I N G  HOlJR 20 

Y I N D S P P E D  D U P I N G  H O C R  21 = 

W T B D S P E E C  C U R I N G  HOUE i2 = 

WI?iICSFEED D U R I N G  HOUF 23  = 

W I V C S F E E C  C ' I R I N G  HOUF 2 4  = 

W T M C S P E F D  D I l R T N G  H O U F  i C  = 

WT:ICSFEEn D U R I N G  HOUF 26 = 

W I R D S P E E n  C U 9 I N G  HOUF. 27 = 

W I N C S P E E ?  D O P I N G  HOUS 28 = 

WTNDSPEEI ,  D U P I N G  HOUfi  2 9  = 

W I N C S P F E D  n119TVG HOUF :C = 

W I N D S F E F D  D U R I N G  HOUA 31  = 

W T N C S P E E D  D U R I N G  H O U R  32 = 

WTNDSPEED D U R I N G  HOIJF r 3  = 

W I N D S P E E D  D U R I N G  HOUI; 31( = 

W I N D S P E E D  D U R I N G  HOUR 35 = 

W I N D S P E E D  D U R I N G  HOUB 3h  = 

W I R D S F E E I :  C U R I N G  HOUS 37 = 

W I N D S F E E C  C U R I N G  HOUR I8 = 

W I N D S F E E D  D U R I N G  HOUR 39 = 

W I R D S P E E D  D n R T N G  H O U F  40 = 

6.75 

7.29 

7.83 

0 . 3 7  

P.S1 

9.45 

9.9q 

10.53 

11.07 

11.61 

12.15 

12.64 

13.23 

13.23 

12.69 

12.15 

11.61 

11.07 

10.53 

9.99 

9 .45  

8 .91  

8.37 

7.A3 

7.29 

6.75 

6. 21 

5.67 

5.13 

4.59 

u.c5 

3 . 5 1  

3 . 9 7  
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M E T E P S / S ? C  

P ! F I F R S / S E C  

F!!?EilS/SFC 

M E ? F R S / S P C  

F F l T ? R S / S E C  

!!E?ERS/SEC 

N E I I R S / S E C  

M E ' I E R S / S E C  

I r E ' i E R S / S F C  

f l F r ? F i S / S ~ C  

ME ? E R S /  S E C  

!4E ' IERC/-CEC 

R E l E R  S / S E C  

N E T E R S / S E C  

? E ' I E R S / S E C  

!!E?EDS/SEC 

ME ' I E R S / S P C  

FETFPS/S?!C 

ME7EO'/-CT;C 

H E ' I E R S / S E C  

! 4 E ? E R S / S F C  

!!F'ISRS/SEC 

RF' Tt?R I / S ? C  

P E T E E S / S E C  

fll? ? E R S / S F C  

R E l E i l S / S E C  

F E T E F S / S E C  

MET E R S/S E C  

R E T T B S / S $ C  

M E ' I F B S / S F C  

f l l ? T E R Z / S E C  

NPTf R S/ SE C 

t l E l P R S / S P C  

D F P O S I T L O N  V S L O C I T Y  F O R  S I Z E  ' IYPF 1 = 0 . 1 O E - C l  Y " I E q S / S E C  

SAND IS  OP T Y P E  2 S A L T A T I O N  C O N S T A N T  C = 1.PC 

I N F O R R A T I O N  FOR ' I H R E S H O I D  D I A I ' E T T R  C A Z C U L A T I C N S  

. '  . 
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SAYD PARTICLE THPESHOLD VELOCITY FFOPC9TIONALITY CfhS?ANl'= O.l? 
r)FASITY O F  A I R =  0 . 7 2 2 E - C 2  GRANS/CS*'3 
HEIGHT F O B  W I N D  SPXEC NFASUSENWT= 1 O C . C C  C l  
9nRFACE ?OUr;HNZSS= 1.CC CY 

THPTSHCLD CIARZTEFS(F0R CIIPFICE CRFEP) FOR EACH I I C O ' .  CF T H P  S T C R r l  

THPESHOLn 

THFESHCLC 

THRESHOLC 

TSPESHOIC 

THCESHOLC 

THRESH C l  ll 

TYPESROLC 

THPESHOID 

CIAMETER 

CIAYETER 

TI A Y  ETER 

CIRYETER 

C I  A N  ETE9 

C I  RSETER 

CIAYETER 

CIAYETER 

FCQ H O U R  1 

FCR € C U R  2 

FPR F O U R  3 

PCR F O C R  4 

FOR PCUR 5 

FOR € O U R  6 

PCR H C U R  7 

FCR HCUR 8 

WIADSPEED 

W INCSPEED 

UINDSFEPO 

WINDSPEED 

WINnCPEED 

WINDSPEED 

UINCSPEEC 

W INDST: EED 

2 . 9 7 C  

3 . 5 1 c  

4 .  050 

4 . 5 9 0  

5 . 1 3 C  

5.67C 

6 . 2 1 C  

6 . 7 5 0  

*: ETFS S/SPC 

HET?9S/SPC 

!EVE9 S/SFC 

!'FTERS/S?C 

P E T E R  S/S?C 

PETE?S/SYC 

'! ET ESS/S E C  

"ETEFS/SEC 

= 0 . 3 2 9 E  97 

= 0 . 4 4 6 r  02 

= 3 . 5 9 U E  e 7  

= 0 . 7 6 3 E  0 3  

= 0.753E c 7  

= O . 1 1 C E  0 4  

= 3 . 1 4 C F  04 

= 9 . 1 6 5 E  34 

n:cx n :I s 

YI c F Q '! s 

'IIC"02'S 

3: ca o !I s 

7iCPOWS 

I ICRO'IS  

S I  CR 0 Li s 

? I I C P O V S  

THFESHOID CIAMETER FCQ FOUR 9 WINCSPEED 7 . 2 0 ~  P E T E S S / S X  = 0 . 1 9 2 ~  3 4  w z q n u s  

THRESHOLC CIASETER FOR FCUR 10 WINDSPEED 7 . 8 3 c  PFTEZS/SEC = 0 . 2 2 7 E  04 *ICQflVS 

THPESHOLD CIASETER FCR HCUR 11 WINDSPEPC 5 . 3 7 C  METEQS/SEC = 0.25UE 04 MTCPONS 

THPFSHOLD CIAMPTFR FCR hCUR 1 2  UINDSFEED R.91C !"ETEQS/SEC = 0.2EPE 0 4  PICFONS 

THRESHCZC KIRNETFR E O R  F C U R  13 WINDSPEED 9 . 4 5 0  METERS/SEC = 0 . 3 i 3 E  0 4  RICRONS 

THRESHOLE EIARETER FCR FCDR 14 WINDSPEED 9 .990  PETEQS/S?C = 0 . 3 6 1 F  04 WTC!?flYS 

THRESHOZD CIAfiETER FOR POUR 1 5  WINDSPEED 1 0 . 5 3 C  rETEPS/SEC = 0 . 4 C 2 E  0 4  RICSOYS 

0 

THRESHCLC CIAMETER FOR POUR 

THPESHOLC KIAIETER FOR POUP 

THPESHOLC CIANETER FOR POUP 

THPESPCLC CIARETEK FOQ F O D R  

THPESHOID CIAIETER FCR POUR 

THRESHOLD CIARETER FCR H C U R  

THRESHOLD CIAIETER PCR HOUR 

THRESHCLC EIAIETEK FOR FCUR 

THRESHOLC KIAMETER FOR FOUR 

THFESHOLD CIAMETER FOR HOUR 

THRESAOLC KTARETFR FOR HOUR 

TARESHCLD IXAKETER FOR EOUR 

THRESHOLE CIARETER Y C R  H C U R  

THFESAOLD CIAMETER FCR R C U R  

TRRESAOLD CIARETER PCR HCUR 

THRESHOLD DIARETER POR HOOR 

THRESHOLC CIRMETER FCR FCUR 

THRESHOLC [IARETER FCR FCUR 

THRESHOID CIARETER POR HOUR 

1 6  

17 

18 

1 9  

2 0  

21 

2 2  

23  

2 4  

2 5  

2 6  

2 7  

2 8  

2 9  

30 

3 1  

3 2  

33 

34 

W I N  D +  PEED 

W I N D  S P  EED 

W I N D  EP FE D 

WINDSPEED 

WINCSFEl?D 

WINDSPEED 

WINDSPEED 

WINDSPEED 

W INDSF EED 

W I N D  SP PED 

WINDEPFED 

W I N  D SP EE D 

WINCEPEED 

WINDSF PED 

WINCSPEED 

WINDSPEED 

YINDSP EED 

WINDSPEED 

1 I N D  S P  EE D 

11.070 

1 1 . 6 1 C  

1 2 . 1 5 C  

1 2 . 6 9 0  

1 3 . 2 3 C  

1 3 .  23C 

1 2 . 6 4 0  

1 2 . 1 5 c  

1 1 . 6 1 0  

l l . C 7 C  

10.53C 

9 . 9 9 c  

9 .450 

8 . 9 1 C  

8.270 

7.830 

7 . 2 9 0  

6.750 

6 . 2 1 0  

PETE il S/SEC 

PETE?S/SEC 

PETE 9 S /  SEC 

PETERS/SEC 

P ET?? S/SEC 

METEqS/SEC 

METER S/SEC 

R ET ER S/SEC 

PETERS/SEC 

PETERS/SEC 

I!BTERS/SEC 

RETERS/SEC 

?lETERS/SEC 

RETERS/SEC 

RETERS/SEC 

METER S/SEC 

RETERS/SEC 

IETERS/SEC 

PETERS/SEC 

= C . 4 4 4 E  0 4  

= O . U P 8 F  0 4  

= 0 . 5 3 5 E  0 4  

= 0 . 5 8 3 1  04 

= 0 . 6 3 4 E  0 4  

= O.634E 04  

= 0 . 5 E 3 E  04  

= 0 . 5 3 5 E  0 4  

= O.Uf!8E 0 4  

= 9 . 4 4 4 E  0 4  

= 9.402F:  04  

= 0 . 3 6 1 P  0 4  

= 0 . 3 2 3 1  04  

= 0 . 2 8 8 ~  0 4  

= 0 . 2 5 4 3  04 

= 0 . 2 2 2 3  0 4  

= 0 . 1 9 2 E  0 4  

= 0.1653 0 4  

= 0 . 1 4 0 E  0 4  

MICEOYS 

NLC3ONS 

nIcxoYs 

MICRONS 

8 I C  F O A S 

MICRONS 

I ICRONS 

I1 C R 0 !J S 

HICRONS 

OICRONS 

MTCRONS 

MICRONS 

I ICRONS 

MICRONS 

I I C P O N S  

MICRONS 

MICRONS 

RICRONS 

MICRONS 
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I 
I 

I 
1 
8 

m u 3 c q H 0 L C  E14MEmCR FCR PCIJR  2 5  WTNDSr'EEll 5 . 6 7 C  P E T S P S / S X  = 3 .1162  04 I I C R O N S  

T H Q E S H C L C  CIA ' IETER E O R  t O U F  7 6  U I N n S D F F D  5 . 1 3 C  'ETnQS/SEC = 0 . 4 5 3 E  G I  I I C R O Y S  

THDPSHOLD CTAMETER FCR P C U R  37 U I N C S P E E C  4 . 5 9 0  NETE?S/SEC = 0 . 7 6 3 F  0 3  ATCFONS 

TA'ESHOLD C19 ' IETPR FCR PCUF 3 R  YINDSFEEO 4 .050  * E T E P S / S E C  = 3 . 5 9 4 E  0 7  K C P O N S  

THPFS9OLL) CIAYETFR FOR H C U R  3 9  UINDSPEED 3 . 5 1 0  MFTS?S/S?C = 0 . 4 4 F E  03 MICRONS 

' " S r S S H O T O  CJRYETER FCR HCUR 40 UINDSPEED 3 .970  ilETEnS/SPC = 0 . 3 2 O E  0 3  YICPONS 

A V " Q A G F  G R A I Y  CIArlF'IFRS FCR SALTATION 

SALTATION CIRYETER F C R  PCUR 

S A L T A 7 I O N  CIA ' IETFR FOR F C D R  

SALTAmIOY CIAYETER FOR FOUR 

SALTATION CIAMETER FOR F O n R  

SAI.TATIOU C1AMET"R FCR FOlJR 

S A L T I T I O N  C I A I E I E R  FCR PCUR 

SALTATION CIAMETER FCR PCOR 

SALTATION TIAXETER FCR FOUR 

SALTATION DIAMETER FOR F O U R  

SALTATION C I A M  ETFR FCR kCUR 

SALTATICN DIANETER FOR FOIlP  

SALTATION CTAYPTER FCR P C O R  

SALTATION DIAMETER FCR FCUR 

S A L T A I I O N  DIAMETER FCR HCOR 

SALTATIOY EIANE'IER FCR FCUP 

SALTATION C I P M F T F R  FCR FOCR 

SALTATION CIAYETER FOR HOUR 

SALTATION CIAMETER FOR FOUR 

SALTATION CIAMETER FCR HCUR 

SALTATION DIANE'IER FCR A O U R  

SALTA'IION DIAMETER PCR HCUR 

SALTATIOB LIANETER FOR FCDR 

SALTATION DIAMETER FCR FOUR 

SALTATION CIAMETER FOR ROOR 

SALTATION CTAMETER FOR FOUR 

SALTATION CIAYETER FCR HCUR 

SALTATION DIAMETER FCR AOOR 

SALTATION E I A R E T F R  FOR F C O R  

SALTATION CIAMETER FOR FOUR 

SALTATION CIAMETER PCR FOUR 

SALTATION CIAEETER FOR HOUR 

1 =  

2 =  

3 =  

I ( =  

5 =  

6 =  

7 =  

8 =  

9 =  

10 = 

11 = 

12 = 

13 = 

14  = 

15 = 

16 = 

17 = 

18 = 

19 = 

20 = 

21 = 

22 = 

23  = 

i4 = 

25 = 

26 = 

27 = 

28 = 

2 9  = 

30 = 

31 = 

0 . 2 0 0 F  03 

0 . 2 6 3 E  0 3  

C.337F 03 

C.240E c3  

C.3UCF 0 7  

0 . 3 U O E  03 

0 . 3 4 0 F  0 3  

0 . 3 4 0 E  03 

0 , 3 4 0 2  9 3  

C.?4OF 03 

0 . 3 4 0 E  0 3  

0 . 3 4 0 E  C3 

C . ? 4 0 E  03  

0 . 3 U O E  03 

O . ? 4 0 E  03 

0 . 3 4 O E  0 3  

C . 3 4 O E  0 3  

0 . 3 4 0 E  07  

C . 3 U O E  03 

C.340E 09 

0 . 3 4 0 E  0 3  

C.340E 03 

0 . 3 4 0 E  0 3  

C.?40E 03 

C . 3 4 0 E  03 

C.340E 03 

0.3UOE 03 

0.34OE 03 

0 . 3 4 0 E  03 

0 . 3 4 0 E  0 3  

0 . 3 4 0 E  03  

N I C E  ONS 

R I C F  CNS 

MICF ChS 

R I C F  C t i C  

YICR c t i s  

M I C E  C F S  

WICF C % S  

R I C F  CRS 

NICE ChS 

C I C B  C h S  

R I C F  CNZ 

P I C 6  CNS 

Y I C F  O N S  

rIcF C N S  

H I C F  ONS 

P I C €  CNS 

MICR CRS 

H I C h  CNC 

P I C €  C k S  

MICF O N S  

nxcF C N S  

MICR CNS 

MICE C A S  

MICR C N S  

MICfi c 1 9  

H I C F  CNS 

MICR O N S  

R I C F  CNS 

MICfi O k S  

MICF C N S  

MICR ONS 



SALTATION 

SALT ATION 

SALTATION 

SALTATION 

SALT AT ION 

SALT AT ION 

SALTATICN 

SALT AT 10'4 

SALT AT I C N  

DIAMETER FCR PCUR 3 2  = 

f IAMETER FCR F O U R  33 = 

DIAMETER FCR HCUR 3 4  = 

CIAVETER FCR FCUR 35 = 

CIAKETER FCR FOUR 36 = 

CIAMETER FCR F O U R  37 = 

CIAMETER F O E  F C n R  38 = 

TIAYETER FCR t O U R  39 = 

CIAMETFR FCR FCIIR 40 = 

SALTATTCN SATES 

SALTATICN FCR H O l l R  

SALTATICN FCR H O U S  

SALTATICN FOR H O U R  

SALTATICN FOR HOUR 

S 4 L T A T I C N  FOR HOUR 

SALTA-ICN FOR HOUR 

SALTATICN FOR HOUR 

SALTATICY FOR H O U R  

SALTATICN FOR H O U R  

SALTATICN FCR H C U I i  

SALTATICY FOR H O O R  

SALTATICN FOR HOnR 

SALTATICN FOR FCUR 

SALTATICN FOR HOUR 

SALTATICN FflR HOUR 

SALTATICN FCR HOUR 

SALTATICN PCII A0113 

SALTATICN FOR R O V E  

SALTATICN FCR HOUR 

SALTATICN FOR HOUR 

SALTATICY FOR HOUR 

SALTATICN FCR H O U R  

SALTATICN FOR H O U R  

SALTATICN FOR HOUR 

SALTATICN FOR HOUR 

SALTATICN FCR H O U R  

SALTATION FOR H O U R  

1 =  

2 =  

3 =  

4 =  

5 =  

6 =  

7 =  

A =  

9 =  

1 c  = 

11 = 

1 2  = 

1 3  = 

1 4  = 

15 = 

16 = 

17 = 

18 = 

19 = 

2 0  = 

2 1  = 

2 2  = 

2 3  = 

24 = 

25 = 

2 6  = 

27 = 

0 . 3 1 7 E - 0 1  

0 . 8 1 8 E - O l  

0 . 1 7 1 E  OL\ 

O . 6 1 l E  G O  

0 . 1 5 2 E  0 1  

0 . 3 0 4 E  0 1  

0.536E 0 1  

0.861E 01  

0 . 1 3 0 E  0 2  

0.186E 02 

0 . 2 5 ? E  C2 

0 . 3 4 4 E  0 2  

3 . 4 4 8 E  c 2  

0.571E 0 2  

0.716E 0 2  

O.AR2E 0 2  

0 . 1 0 7 E  03 

0 . 1 2 9 E  C3 

0 . 1 5 3 E  3 3  

0.181E C 3  

0 . 1 8 1 E  03 

0 . 1 5 3 E  0 3  

0 . 1 2 q E  c.3 

0.1071 03 

O.@R2E 02 

0 . 7 1 6 E  0 2  

0 . 5 7 1 E  E2 

G.3UOE 0 3  

0 . 3 4 O E  0 3  

0 . 3 4 0 E  0 3  

0 . 3 4 0 E  03 

0 . 3 4 0 E  03 

0 . 3 4 0 E  0 3  

0.337E 0 3  

O . 2 6 3 E  03 

0 . 2 0 O E  03 

2-86 

Y I C F  CNS 

KICK CNS 

R I C F  CNS 

F I C f i  CNS 

NTCF Ct iS  

R I C F  ONS 

MICF Ch'S 

MICE CNS 

N I C F  c t i s  

GN/ F! E T  E fi/S E C  

G ? l / l E T E F / S E C  

GN/!!fTE fi/SEC 

CY/ ! lEIEf i /SEC 

G?!/RETE: G/SEC 

C!?/NETEP/SEC 

GY/f!ETEF/SEC 

C!l/H ETFK/SEC 

G M /  !l E'IE F/S EC 

GY/YETEF/SFC 

t K / N  ET!? R/S EC 

CR/YET?fi/SEC 

G V  / ?I F. 'IE R/S EC 

G Y / R  E T E  F/S EC 

C Y /  f l E ? E F / S  EC 

GN/NETEF/SEC 

GI!/ N ETE R/ S EC 

GN / M  E 1 E  G / S  EC 

GM/ I3 E'IE R /  S EC 

GH/EETEF/SEC 

GM/NETEF/SEC 

GM/METEfi/SEC 

EPl/NETER/SEC 

Gn/! lETEG/SEC 

GM/METER/SEC 

GK/KETE R/SEC 

Gfl /F!  E'IE fi/SEC 
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SALTATICN F O R  H O U R  28 = 0 . 4 4 9 E  0 2  G!l / IE ' IEF /SEC 

SALTA' I ICN FCR HOUA 29  = 0 . 3 4 4 E  0 2  G n / R E T E P / S E C  

SALTATICY F O R  H O U R  20 = 0 . 2 5 7 E  0 2  GN/flETEF/SEC 

S R L T F T  I C N  

SRLT AT ICN 

SALTATICN 

SA LTA 1 ICN 

S A L T A T I C N  

SALTA T I C N  

SALTATICN 

SA LFAT I C N  

S A L T A T I C N  

SALTAT I C N  

F O R  HOUR 

POF AOUR 

PCR HOllR 

FO? H O U R  

FOR H O U R  

Poll H O U R  

FOR HOlJR 

FOR HOUR 

FOR HOUR 

FOR HOUR 

? 1  = 

32 = 

33 = 

3 4  = 

35 = 

36 = 

37 = 

38 = 

39 = 

4 0  = 

0 . 1 8 6 E  02 

0 . 1 3 0 E  0 2  

0 . 8 6 1 E  01  

0 . 5 3 6 E  01  

0 . 3 0 4 E  01  

0 . 1 5 2 E  01 

0 . 6 1 1 B  00 

. 0 . 1 7 1 E  00 

0.81 8E-Cl 

O i 3 1 7 E - 0 1  

GN/RETEE/SEC 

GR/N E In R/S EC 

G N / I  ET? li/CEC 

GY/'ETEF/S EC 

GN/YETER/SEC 

GN/*IETEA/S EC 

G Y / r l  ETE R/S EC 

G! l / IETE F / + E C  

Cf l /YETEF/SEC 

Ff l /EETEF/SEC 

S U S P E H S I O N  FACTOR= C .  1 0 0 E - 0 4  

S T F . R I L I T Y  TYPE= 3 

S I D E  CF  SOURCE SQUAFE= C.2000E 03  flETERS 

NrJflBEF O F  SEGnlENTS FOR INTEGRATION= 100  

CROSSWIND D I S T . =  0.0 METERS 

SOUPCE CONCENTRATIOH PRCM AERCSOL TYPE 1 = 1CC.OOC PERCENT 

VARIATION OF AREA SOURCE STRENGTHS C I ' I H  T I f l E  POI! S I Z E  TYPE TYPE 1 

AREA SOURCE STRENGTE POR HOUR 

AREA SOURCE STRENGTH POF HOUR 

AREA SOURCE STRENGTB FOR HOUR 

AREA SOURCE STRENGTH FOR HOUR 

AREA SOURCE STRENGTE FOR ROUR 

AREA SOURCE STRENGTB FOR HOUR 

AREA SOURCE STRENGTA PO6 H O U R  

AREA SOURCE STRENGTH FOR HOUR 

AREA SCURCE STREl lGTB FOR EOUR 

AREA SOURCE STRENGTE FOR AOUR 

AREA SOURCE STRERGTB FOR ROUR 

1 =  

2 =  

3 =  

4 =  

5 5  

6 =  

7 =  

e =  
9 =  

1 0  = 

1 1  = 

0 - 3  1 6 €E- C6 

0 .818 1 E - 0 6  

0 . 1 7 0 9 E - 0 5  

0 . 6 1 1 3 E - 0 5  

C .15 1 7 E - 0 4  

0.30 4 4E- C U  

0.53 5 5 E -  04 

0 . 8 6 1 3 E - 0 4  

0.1298 E- 0 3 

0.1 8 6 2E- 03 

0 . 2 5 t S E -  03 

G F / I F T E  Ra *? /SEC 

G I /  1 E T E W  *2/S EC 

Gfl /NETER**2/SEC 

G I / I E T E R * * 2 / S E C  

GR/HETER**2/SEC 

GP/NETERn*2 /SEC 

GF/RETERD*2/S EC 

G I / N  ITER* 2 / S  EC 

G #/METER* * 2 / S E C  

G E/ B ETE R. 2/S EC 

G I /  METER* *2/S EC 

AREA SOURCE STRENGTH POI; BOUR 1 2  = 0 . 3 4 3 6 E - 0 3  GI/RETER**2/SEC 



ARFA SOURCE STRENGTH F O F  H O U R  

A R E A  SOIJ3CE STRENGTH FOE HCIJR 

A R E A  SOURCE STRENGTB F O E  HOUR 

AFEA SCUFCS STRENGTk FOF h O U R  

A R E A  S O U R C E  STPENGTF POF HOUR 

A R E A  SOllRCP STRENGTH F O F  HOVR 

A P E A  SOIJRCE STRENGTH F O F  H O U R  

A R E A  SOURCE J T R E N G T E  POF H O U R  

R R E A  SOURCE STEtNGTH FCF HOUR 

A R E A  SOUSCE STRENGTH FOE H O U R  

A R E A  SCUSCE STRENGTH FOR F O U R  

A R E A  S C U R C E  STRENCTF FOK HOUR 

A?FA SCURCE STRENGTH F O E  P O U R  

A2EA SOOBCE STRENGTF FOE HOU3 

A R E k  SCIISCE STPENGTH P O F  F O U R  

A R E A  SOURCE STRENGTH P C F  H C U R  

A R E A  SOURCE STRENGTH FCF HOUR 

A R E A  SOURCE STRENGTH F C F  H O U R  

A R E A  S c n a c F  S T R E N G T ~  P O F  H O U R  

A R F A  SOURCE STRENGTH F O B  HOUR 

APEA SOURCE STRENGTH POF H O U R  

AFFA SOURCE STRENGTH POF HOWR 

A R E A  SOURCE STRENGTF P O F  H O U R  

A R E A  SOUQCE STRENGTH POF HOUR 

A R E A  SOURCE STRENGTH POI: H O U R  

A R E A  SOURCE STRENGTH POF H O U R  

A R E A  SOURCE STRENGTH €OF FOUR 

A R E A  SOURCE STRENGTF POI; H O U R  

G R O U N D  C O N C .  FOR 

G R O U N D  CONC. POR 

G R O U N D  COFIC. FOR 

G R O U N D  CONC. F O B  

G R O U N D  CONC. POP 

G R O U N D  CONC.  FOR 

G R O W I C  CONC. FOR 

G R C U N D  CONC. FOR 

G R O U N D  CONC. PO8 

G R O W N C  CONC. FOR 

G R O U N D  CONC. FOR 

AEROSOL TYPE 

AEROSOL TYPE 

AERCSOL TYPE 

AEROSOL TYPE 

AERCSOI TYPE 

AEROSOL TYPE 

AEROSOL TYPE 

AERCSOL TYPE 

AEEOSOL TYPE 

AEROSOL TYPE 

AEROSOL TYPE 

2-88 

1 1  = 0.4474E-C3 

1 4  = 0.5713E-03 

15 = 0.7157E-07 

16  = 0 .8924E-03  

17  = 0.1073E-C2 

1 8  = 0.129CE-02 

1 9  = C.1534E-02 

20 = 0.18@7E-C2 

2 1  = 0.18C7E-32 

22 = 0.1534E-32 

23 = 0.1290E-02 

24 = 0.1073E-02 

25  = 0.R824E-03 

26  = C.7157E-C3 

27  = 0.5713E-C3 

2 8  = C.4479E-03 

29  = 0.343tE-C3 

30 = 0.2569E-03 

3 1  = C.lR62E-07 

3 2  = 0.1298E-03 

3 3  = O.8613F-04 

34 = 0.S3qcF-C4 

35  = C.304UE-C4 

36 = 0.1517E-C4 

3 7  = 0.6113E-05 

38  = 0.1709E-05 

3 9  = 0.8181E-06 

4 0  = 0.3166E-06 

G M / Y  E T E R "  *2/SEC 

G 1/ 1 E T E  R* f 2  / S  E C  

G M/ M E T  E R" * 2/S E C  

GP/METSi?+*2/SEC 

G r/ P ET? R * u 2/S E C  

G r/METJa *-3/s ec 

GI'/MET4RJ"2/SEC 

G t ' / l  E T  E V  '2/5 EC 

GO/IETF.R* '2/SEC 

G R / M E T E R +  *2/SEC 

GR/METZQ**2/SEC 

GM/METER'  *2/SEC 

Gr/ lETFR "2/SEC 

G F/ R E T  R R' 2 / S EC 

G !'/WE T E B  * + 2/S E C  

G F / W E T E V  "?/SEC 

G"/HE?ERs "3/SEC 

G P/ P ET E R' ' 2 /S E C  

GM/METER1"2/SEC 

G p/pETF ii* *2/SEC 

GR/PlET?R"*Z/SEC 

Gn/1 ETZW e 2/SEC 

G P /  PETE$* +2/S EC 

GP/Pl  ETER* *2/S E C  

GP/METERq'2/SEC 

G H / M I I E R "  2/SEC 

GR/METSR*"2/SFC 

GM/METER** 2/SEC 

1 H O U R  

1 HOUR 

1 HOQR 

1 H C U k  

1 ROUR 

1 H O U R  

1 HOUR 

1 HOUR 

1 HOUR 

1 HOUR 

1 AODR 

1 DISTANCE 

1 DISTANCE 

1 DISTANCE 

2 DISTPNCE 

2 DISTANCE 

2 DISTANCE 

3 DISTANCE 

3 DISTANCE 

3 DISTANCE 

4 DISTANCE 

4 DISTANCE 

0.100E 03  = 

0.100E 0 4  = 

0.100E 05  = 

0.100E 3 3  = 

'I.100E OU = 

0.100E 0 5  = 

0. lOOE 0 3  = 

0.100E 0 4  = 

0.100E 0 5  = 

0.100E 03 = 

0.100E 04 . =  

0.159E-05 

0.137E-06 

0.302B-08 

0.349E-05 

0.305E-06 

C.681E-CR 

0.632E-05 

0 .558F-36  

0.1261-07 

C. 200  E-0 4 

0.17713-05 
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GROUNC CONC. FOR AEROSOL TYPE 

GPOUND CONC. FOG AERCSOI  TYPE 

GROUND CONC. FOR A E R C S O I  'TYPE 

G'10UND CONC. FOR AFROSOL T Y P E  

GRCUNC CONC. FOR A F R O S 0 1  TYPE 

GRCUND CONC. POR RERCSOI  TYPE 

GROUNC CONC. FOR AEROSOL TYPE 

GROUND CONC. FOR AEROSOL T Y P E  

GROUND CONC. FOR AEROSOL TYPE 

GROUNC CONC. FOR AEhOSOL TYPE 

GROUND CONC. FOR AEROSOI  T Y P E  

GROUND CONC. P O R  AERCSOI  TYPE 

GROUND CONC. FOR AEROSOL T Y P E  

GROUNC CGNC. FOG R E P G S O I  TYPE 

GROUND CONC. POR AEROSOL T Y P E  

GROUND CONC. FOR AEROSOL TYPE 

GROUND CONC. FOR AEROSOL T Y P E  

GROUND CONC. FOR AEROSOL TYPE 

GROUND CONC. FOR AEROSOL T Y P E  

GROUND CONC. FOR AEROSOL TYPE 

GROUND CONC. FOR AERCSOL TYPE 

GROUNC CONC. POR AEROSOL T Y P E  

GROUND CONC. FOR AEROSOL T Y P E  

GROUND CONC. FOR AEROSOL T Y P E  

GROUND CONC. FOR PEROSOL T Y P E  

GROUND CONC. F O R  A E R C S O I  TYPE 

GROUND CONC. FOR AEROSOI  TYPE 

GROUND CONC. FOR AEROSOL T Y P E  

GROUND CONC. POR AEROSOL T Y P E  

GROUND CONC. FOR AEROSOL TYPE 

GROUND CONC. F O R  AEROSOL TYPE 

GROUND CONC. F O E  AEROSOL T Y P E  

GROUND CONC. FOR AEROSOL TYPE 

GROUNC CONC. F O R  AEROSOL T Y P E  

GROUND CONC. FOR AERCSOL TYPE 

GROUNC CONC. FOR AEROSOI  TYPE 

GROUND CONC. FOR AEROSOL T Y P E  

GROUND CONC. FOR AEROSOL T Y P E  

GROUND CONC. F O R  AEROSOL T Y P E  

GROUNC CONC-. F O R  AEROSOL T Y P E  

1 ROUR 

1 HCUR 

1 HOUR 

1 HOUR 

1 AOUR 

1 A O O R  

1 HOUR 

1 HOUR 

1 HOUR 

1 ROUR 

1 HCUR 

1 HOUR 

1 HCUR 

1 HOUR 

1 HCUR 

1 HOUR 

1 AOUR 

1 HOUR 

1 HOUR 

1 HOUR 

1 AOUR 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

ROUR 

A 0  OR 

HO OR 

AOUR 

A O U R  

A O U R  

A 0  OR 

HO OR 

HOUR 

R O U R  

R O O R  

A O O R  

A O O R  

AOUR 

A 0  Q R  

HOUR 

HO O R  

RO O R  

RO OR 

4 D I S ? A N C E  

5 D I S T F N C E  

5 D I S T A N C E  

5 D I S T A N C E  

6 D I S T A N C E  

6 D I S T A N C E  

6 DTSTANCE 

7 DIS ' IANCE 

7 D I S T A N C E  

7 D I S T A N C E  

f? D I S T P N C E  

8 D I S T A N C E  

A D I S T A N C E  

9 D I S T A N C E  

9 D I S T A N C E  

9 D I S T A N C E  

10  D I S T A N C E  

1 0  D I S T A N C E  

10 D I S T A N C E  

1 1  D I S T A N C E  

1 1  D I S T A N C E  

11 

1 2  

1 2  

1 2  

1 3  

1 3  

1 3  

1 4  

1 4  

1 4  

1 5  

15 

15  

16 

16 

1 6  

17  

17  

17  

D I S T A N C E  

D I S T  ANCE 

D I S T A N C E  

D I S T A N C E  

D I S T A N C E  

D I S T A N C E  

D I S T A N C E  

D I S  T A NCE 

D I S T A N C E  

D I S T A N C E  

D I S T A N C E  

D I S T A N C E  

D I S T A N C E  

D I S T A  I C E  

D I S T A N C E  

D I S T A ACE 

D I S T A N C E  

D I S T A A C E  

D I S T A N C E  

O . l O O F ,  05 = 

O. lOOE 9 3  = 

0 . 1 0 0 E  0 4  = 

i ) . l O O E  0 5  = 

3 .1OOF 33 = 

3 . 1 O O E  0 4  = 

0 . 1 0 0 E  0 5  = 

0 . 1 0 0 R  0 3  = 

0 . 1 0 0 E  0 4  = 

0 . 1 0 O E  OS = 

0 . 1 0 0 E  0 3  = 

0 . 1 0 0 E  04  = 

o . i o o e  05 = 

0 . 1 0 0 E  0 3  = 

0 . 1 0 0 E  0 4  = 

0 . lO)OE 05 = 

0 . 1 0 0 E  03 = 

0.1008 0 4  = 

0.103F 05 = 

0. 

0. 

0. 

0. 

0. 

OOE 03  = 

O O E  04 = 

OOE O S  = 

OOE 0 3  = 

O O E  0 4  = 

0 . 1 0 0 E  0 5  = 

0 . 1 O O E  03 = 

0 . 1 0 0 E  0 4  = 

0 . l O O E  05 = 

0 . 1 0 0 E  03  = 

0 . 1 0 0 E  04 = 

0 . 1 0 0 E  05  = 

0 . 1 0 0 E  03  = 

0 . 1 0 0 E  04 = 

0 . 1 0 0 E  0 5  = 

O . 1 O O E  03 = 

0 . 1 0 0 E  OU = 

0 . 1 0 0 E  05 = 

0 . 1 0 0 E  0 3  = 

O.1OOE 04 = 

O. lOOE 05 = 

0.40 4 Q - 3  7 

0.446y-04 

C . 3 9 T P - 0 5  

0 . 9 1 0 E - 0 7  

C. 8 100-9 4 

0 . 7 2 4 3 - i ) S  

0 . 1 6 7 E - 9 6  

0 . 1 3 0 E - 0 3  

0 . 1 1 7 E - 0 4  

0 . 2 7 0 ~ 0 6  

0 . 1 9 3 B - 0 3  

0 . 1 7 4 E - 0 4  

0. U 0 3 E - 0 6  

G . 2 6 9 E - 0 3  

0 . 2 4 3 E - 9 4  

0 . 5 6 6 E - 0 6  

0 . 3 6 0 E - 9 3  

0 . 3 2 5 8 - 0 4  

0 . 7 6 0 E - 3 6  

C . 4 6 5 E - 0 3  

0 . 4 2  1 E - 0 4  

0 . 9 8 6 E - 0 6  

0 . 5 8 5 E - 0 3  

0 . 5 3 0 E - 0 4  

0 . 1 2 U E - 0 5  

0.7 1 9 E - 0  3 

C . 6 5 3 E - 0 4  

0 . 1 5 3 E - 0 5  

0.8688-03 

0 . 7 8 9 E - 0 4  

0 . 1 8 6 E - 0 5  

0 . 1 0 3 E - 0 2  

0 . 9 3 9 E - O U  

0 . 2 2 1 E - 0 5  

0 . 1 2 1 E - 0 2  

0.11 O E - 0 3  

0.2603-05 

0 . 1 4 0 E - 0 2  

0.1281-03 

0.3033-05 



GDCUND C C N C .  

GRO!JCC C q N C .  

GROUND C O N C .  

GRCIJNC C C N C .  

GROUNC CCNC.  

F R O I I N D  CONC. 

GROrJND C C Y C .  

GRCUND C C N C .  

G P O U N C  C O N C .  

GROUND C O N C .  

G P O U N n  CONC.  

G P O U Y C  CONC.  

G R O O N C  CONC.  

GROUND CONC.  

GROUND C O N C .  

GROONC C C N C .  

GROUNC COYC. 

G P O U N C  CONC. 

GROUND CONC.  

G P O U N C  C C N C .  

GROIlND C C Y C .  

GROUNC CONC.  

GROlJND C O N C .  

G R O l l N C  CONC.  

G R C U N C  C O N C .  

G R O U N C  CCNC.  

GROUND CONC.  

G R O U N C  CONC.  

G P O U N C  CONC.  

G R O U N D  CONC.  

GROUND C O N C .  

G R O U N D  C O J C .  

G 3 0 ~ J N C  C O J C .  

G S C U N C  CCNC.  

GROUNC CONC. 

G R O U N I :  CCNC.  

GROUN!: CONC. 

G.SOIJAD COMC. 

G Q O UND C O N C .  

G R O I I S D  C O N C .  

F O G  A E R C S O L  T Y P E  

F O R  A E Q C S O I  T Y P ?  

FOR A E Z C S O L  “ Y P E  

F O F  P E P C S O I  T Y P E  

POR A E R O S O L  T Y P E  

F O R  A E R O S O L  T Y P E  

F O R  A E R O S O L  7 Y P E  

P O 8  A E R O S O L  ‘TYPE 

F O B  AERCLEOI T Y P E  

F O R  A E R O S O L  T Y P E  

F O R  A E P C S O L  T Y P E  

FOR A F R C S O L  T Y P E  

F O P  A E R O S O L  T Y P E  

FOR A E R C S O I  ‘ I Y P E  

FOR A E R C S O I  T Y P E  

F O R  A E R O S O L  T Y P E  

FOR A E R C S O L  T Y P E  

FOR A E R O S O L  ‘TYPE 

F O R  A E R O S O L  T Y P E  

F O E  A E F C S O L  T Y P E  

POP P E R C S O I  T Y P E  

FOR A P P C S O I  T Y P E  

F O R  A E R O S O L  T Y P E  

FOR A E R C S O L  T Y P E  

A E F O S O I  T Y P E  

uOR A E R O S O L  T Y P E  

F O R  A E R O S O L  T Y P E  

FOR A P E O S O L  T Y P E  

FOR A E R O S O L  T Y P E  

F O P  A P R C S O I  T Y P E  

P O P  A E R C S O Z  T Y P E  

F O R  A E R C S O L  T Y P E  

FOR A F R O S O L  T Y P E  

FOR A E B O S O I  T Y P E  

POfi A E R O S O L  T Y P E  

FOR A E R O S O L  T Y P E  

FOR A E R O S O L  T Y P E  

F O R  A E F G S O L  T Y P E  

POR A F E C S O L  ‘ I Y P E  

F O P  R E B C S O I  T Y P ?  

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

H C U P  

H C U F  

HOUR 

HO U F 

HO UR 

HO U9 

HOUR 

HO l l9 

HCUR 

H O O F  

HOUP 

HCUR 

H O U f i  

HOUR 

HCIlR 

HOUP 

HOOK 

HO O R  

HO C R  

HO UP 

HOUR 

H O U F  

HOUR 

AOlJF 

H O U R  

HOUR 

HOOP 

HOUQ 

Y O U R  

H O O K  

H O I I F  

HCOR 

H O U R  

H O U R  

A O U B  

HOOR 

HOUR 

HOUR 

HCIJE 

q O U F  
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1 8  D I S T A N C E  

19  D I S T n N C ’ ?  

l r !  D I S T A N C E  

19 D I S ? A ? I C I  

1 0  9 I S T A R C E  

1 s  Q I S T A N C E  

2 C  D I S T A N C E  

2 C  D I S T A N C E  

2C !:?STANCE 

2 1  D I S T A N C E  

2 1  D I S T A N C E  

2 1  D I S T A N C E  

2 2  D I S T A N C E  

2 2  D I S T n H C E  

2 2  D I S T P N C E  

2 3  D I S T A K C E  

2 3  D I S T A N C E  

2 3  D I S T A N C E  

2 4  D I S T A N C E  

2 4  D I S T A N C E  

2 4  D I S T A N C f  

2 5  C I S T A B C E  

2 5  D I S T P N C E  

2 5  D I S T A N C E  

2 6  D I S T P N C E  

2 6  D I S T A N C E  

2 6  D I S T A N C E  

2 7  D I S T A N C E  

2 7  D I S T A N C E  

2 7  D I S T P N C E  

28  D I S T A N C E  

2 8  D I S T R N C E  

2A D I S T A N C E  

2 9  D I S T A N C E  

2 9  D I S T A N C E  

2 9  D I S T A N C E  

3 0  D I S T A N C E !  

3 C  D I S T A N C E  

3 0  D I S T p N C E  

3 1  D I S T A G C E  

3 . 1 0 0 E  0 3  = 

I . l C ? E  0 %  = 

’ 1 . 1 0 0 E  0 5  = 

0 . 1 ’ 3 0 F  0 3  = 

3 . 1 3 0 E  04 = 

0 . 1 0 0 E  0 5  = 

7 . 1 0 3 E  0 3  = 

0.1005 0 4  = 

3 . 1 O O E  0 5  = 

‘ 1 . 1 0 0 E  0 3  = 

0 . 1 C 3 E  0 4  = 

J . 1 0 0 E  0 5  = 

0 . 1 0 0 E  03 = 

9 . 1 0 0 E  0 4  = 

0 . 1 0 0 E  o c  = 

0 . 1 C O E  03 = 

7 . 1 0 0 E  0 4  = 

0 . 1 0 0 E  0 5  = 

0 . 1 0 0 E  0 3  = 

3 . 1 0 3 E  0 4  = 

0 . 1 0 0 2 :  0 5  = 

3 . 1 0 3 E  0 3  = 

3 . 1 0 0 E  0 4  = 

3 . 1 9 O E  0 5  = 

0 . 1 0 0 P  0 3  = 

0 . 1 0 0 E  04  = 

0 . 1 0 0 E  05 = 

3 . 1 0 0 E  0 3  = 

O . 1 O O E  04  = 

3 . 1 0 0 E  0 5  = 

O . 1 C O E  0 3  = 

0 . 1 O O P  04 = 

O . 1 C O E  0 5  = 

0 . 1 0 0 E  0 3  = 

0 . 1 0 3 E  0 4  = 

0 .100F  05 = 

0 . 1 0 3 E  0 3  = 

0 . 1 0 0 E  0 4  = 

3 . 1 0 0 E  05 = 

7 . 1 0 0 E  0 3  = 

0.16 l r - r l 2  

O . l U 7 E - 0 3  

e .  3 4 8 7 - 0 5  

0.184?-03 

0 .168p-03  

0 . 3 9 7 E - 0 5  

c. 2 0 R E - 0 2  

0 . 1 0 0 E - 0 3  

O.U50!?-35 

0.209z-02 

C .  1 9 0 E - 0 3  

C.45OE-05 

0 . 1 8 4 F - 0 2  

0 . 1 6 8 B - 0 3  

C . 3 9 7 E - 0 5  

0 . 1 6 l F - 9 2  

0 . 1 4 7 E - 0 3  

0 . 3 4 9 E - 0 5  

C. 1 4 O F - 0 2  

0 . 1 2 8 E - 0 3  

0 . 3 P 3 2 - 0 5  

0 .1213-02  

C .  ll OE-03 

C . 2 f i O E - 0 5  

0 . 1 C 3 ” - 0 2  

0.939:-04 

0 . 2 2 1 E - 0 5  

0.869E-03 

C . 7 R 9 F - 0 4  

C. 1 8 6 E - 0 5  

0 .7  1 9 E - O ?  

C . 6 5 3 E - C 4  

0.153r-05 

0 . 5 8 5 E - C 3  

0 . 5 3 0 E - 0 4  

C . 1 2 4 E - C 5  

0.465E-03 

C . 4 2 1 E - O U  

0 . 9 A 6 E - O h  

C .  3 6 O P - 0 3  
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G F O l l h ' D  COVC.  P O 3  A E X C S O L  T Y P E  

C R C I I N ~  C C N C .  P o 6  A E E C S O I  T Y P E  

G 7 C l l Y l :  C S X C .  P E S C S O I  T Y P E  

cAauiin CO'IC. F O P  A E E O S O L  T Y P F  

GPO11FiC CONC.  P O ! ?  AER.7SOL T Y ? E  

G Q C ) f l ? l D  C O N C .  F 0 9  A E R C S O L  T Y P E  

!??Or lVO C O N C .  FOR A F A O S O I  T Y P E  

G R C U K C  CCNC.  FOE P F F C S O L  T Y P E  

Z3C!IYI! CONC.  F O E  A E l i O S O Z  T Y P E  

G B O I J R C  CCNC.  FOR A E F O S O I  T Y P E  

GROUND C O N C .  F O R  A E R O S O L  T Y P E  

G R O I I N C  C O N C .  F O F  A F P O S O L  T Y P E  

C ? O l l N D  C C N C .  F O I I  A E R C S O I  T Y P F  

';SO!JN!! C ? N C .  F O R  A E R O S O L  T Y P E  

G R O I J N C  CONC.  PO9 A 6 6 O S O I  T Y P E  

G P G U W D  C O Y C .  FOX A E E C S O L  T Y P E  

GROIINLI C O U C .  P O F  A E B C S O I  T Y P E  

GAOllND C O N C .  FOR A E R C S O L  'TYPE 

C R C U N r  C C N C .  ?OF R E K C S O L  TYPE 

GFGrJNC CCNC.  FOR A F B C S O L  T Y P E  

GROllND CONC. F Q F  A E R O S O L  T Y P E  

GROIINC COYC.  POP A E F O S O L  TYP? 

G R O U N D  C C N C .  F n f i  A E F O S O L  T Y P E  

GROl lF lD  C O N C .  FOR A E E C S O L  T Y P E  

GFO!IND C O N C .  FOR A E R C S O L  TYPE 

GROUND C O N C .  PO!? A E R C S O I  T Y P E  

G R O f J N D  C O N C .  POX A E R O S O L  T Y P E  

G!?OI lYC CONC. FOR A E R O S O L  T Y P E  

G R C U N D  CONC. F O R  A F 6 0 S O I  ' I Y P E  

D ! ? P O S I T I O N  FOR 

D E P O S I T I O N  FOR 

D P P O S I T I 7 N  FOR 

D R F O S I T T O N  FOR 

D E P O S I T I O N  FOR 

D E P O S I T I O N  FOR 

D E P O S I T I O N  FOR 

D T P O S I T I O N  F O F  

D E P O S I T I O N  FOR 

D E P O S I T I O N  FOR 

A E R O S O L  ' I Y F E  

A E R O S O L  T Y P E  

A F R O S 0 1  ? Y F E  

A E R O S O L  'TYFE 

A E R O S O L  ? Y F E  

A E R O S O L  ? Y P E  

A E R O S O L  T Y P E  

A E R O S C L  T Y P E  

A E R O S C L  ' I Y F E  

A E R O S O L  ' I Y F E  

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 H O I l P  31 

1 H O U P  3 1  

1 HCU? 32 

1 HOUS 32 

1 HOUR 32 

1 H C U F  33 

1 HOUR 3 3  

1 HOD@ 3 3  

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

HOUP 

HO U . 7  

HO O R  

HOUQ 

HOl!li 

HO n? 

H O U R  

H C U B  

R O l J ~  

HCUE 

H O O F  

HOUR 

H n U R  

HO UP 

HO UF 

HO U E 

H C U F  

HOll?  

H C U R  

HOUR 

HC!JE  

34 

34 

34 

7 5  

3 5  

3 5  

36 

36 

3 6 

37 

37 

37 

3 F  

3 f  

l e  

39 

39 

39 

40 

40 

40 

D U R I N G  HOUR 

D I I R I N G  'iO!JB 

C i l R I N G  H n V R  

D U R I N G  R O ' J R  

D U R I N G  H D U R  

D U R I N G  H O C B  

D U R I N G  vnriR 

C U R I N G  H O D k  

C T I R I t i G  H O U P  

E U R I N G  H O O R  

D T S T P N C F  

D I S T A N C E  

D I S T A N C E  

D I S T A  h C E  

D I S T A N C P  

D I S T P N C E  

D I S T A  NCE 

D I S T P Y C E  

D I S T P  L C P  

D I S T A N C E  

D I S T A N C F  

D I S T A N C E  

D I S T P N C E  

D I S T A N C E  

D IST A UCE 

D I S T P N C E  

D IS'IA NCE 

D I S T P V C C E  

D I S T A N C E  

D I S T A N C F  

D I S T A N C I  

? I S ? A N C F  

D I S ' I F N C F  

D ' S T A L C E  

D I S -  P N C E  

D I S T A N C C  

D I S T A N C E  

D I S T A N C E  

D I S T A N C F  

1 

1 

1 

2 

2 

2 

3 

3 

. 3  

4 

C.103E 04 = 

9.1CGE: 05 = 

0.1OOF 03 = 

0.103P 04 = 

1 . 1 0 0 E  0 5  = 

1.10OE 03 = 

0 . 1 O O E  04 = 

0.lDOE G 5  = 

0.10OF 03 = 

0 . 1 0 0 E  04 = 

0.1ooF: 05 = 

0.10OI 03 = 

3.100E 04 = 

0.10oF: 05 = 

3 .100F  e 3  = 

G.100E 04 = 

0.100F 0 5  = 

0 . 1 0 3 E  03 = 

0.1COE C U  = 

1.103E 0 5  = 

3.10CE 33 = 

'1. 

0. 

0. 

0. 

On!? 04 = 

00E 05 = 

O O E  03 = 

O O E  04 = 

9 . 1 0 3 E  0 5  = 

0.1003 O ?  = 

0.1OOF 04 = 

0 . 1 0 0 E  G5 = 

C I S T  PNCI! 

C I S ' I P N C E  

0 I S T  ANCE 

C I S T P N C E  

D I S l  ANCE 

C I S T  ANCE 

D I S T A N C E  

TIISTANC?? 

E I S ' I A N C E  

C l S T  ANCE 

0.100E 03 = 

3.13OF 04 = 

O.lO0F 05 = 

3 .  1'3GF 0 7  = 

O.19JE 34 = 

0. 1r)OP 05 = 

0.10OF 0 3  = 

0.100E 04 = 

0.100E 0 5  = 

O.1OCIE 0 3  = 

7.57 3F- 0 4 

C.49UR-05 

O .lC9E-O6 

0.1265- e 3  

?. 1 log-04 

0. Z 45 E- 06  

0.22RT-03 

0.201E-04 

C. 4 5 4 ' - 0 6  

0.7 22F- C 3 



L'PPOSTTION FOR AEROSOL TYPE 

E E P O S I T T O U  FOR AEROSOL ' IYFE 

D E F O S I T I C V  FOF AEROSOL TYFE 

DEPOSITTCY FOR AEROSOL TYPF 

D E P O S I T I O N  F3R AEROSOL TYPE 

D P P O S I T I O N  FO9 AEROSOL TYPE 

D E P O S I T I O N  FOR AFROSCI  TY FE 

r )EPOSITTOY FOX AERO-CCL TYFE 

D E P O S I ' I I q N  FOR AEROSOL T 1 F E  

D E P O S I T I q N  FQR AEROSCL ' IYFE 

D P P O S I T I C N  FOR AEROSOL TYFE 

DEPOSTTION FOR AEROSOL TYPE 

DFPOSITTON FOR REROSOL TYPE 

D E P O S I T I O N  FOR AEROSOL TYPE 

D E P O S I T I O N  FOR AEROZOL TYPE 

C E P O S I T I O N  FOR A E 9 0 S O I  'IYFE 

D E P O S I T I O N  FOR AEROSCL TYPE 

D E P O S I T I Q N  FOR AEROSCL 'IYFE 

C S P O S I T I O N  FOY AEROSOL 'IYFE 

n E e o s I T I m  FOR A E R O S C L  T Y P E  

D E P O S I T I O N  FOR AEROSOL 'IYFE 

D E P O S I T I O N  FOR AEROSCL 'IYFE 

D E P O S I T I C N  FOR AEROSOL TYFE 

D E P O S I T I O N  FOR AEROSOL TYFE 

D E P O S I T I C N  FOR AEROSOL TYPE 

D E P O S I T I O N  FOR AEROSOL TYPE 

D E P O S I T I C N  FOR AEROSOL TYPE 

D E P O S I T I O N  FOR AEROSOL 'IYFE 

D E P O S I T I O N  FOR AEROSOL TYFE 

D E P O S I T I O N  FOR AEROSOL TYFE 

D E P O S I T I O N  FOR AEROSOL TYPE 

D E P O S I T I O N  FOR AEROSOI TYFE 

D E P O S I T I O N  FOR AEROSOL TYPE 

D E P O S I T I C N  FOR AEROSOL TYPE 

D E P O S I T I O N  FOR AEROSOL TYPE 

D E P O S I T I O N  FOR AEROSOL TYPE 

D E P O S I T I O N  FOR AEROSOL 'IYFE 

D E P O S I T I O N  FOR AEROSOL ' IYPE 

D E P O S I T I O N  POR AEROSOL TYPE 

D E P O S I T I O N  FOR AEROSOL TYPE 

1 D U R I N G  VO'J!: 

1 C U R I N G  V O V R  

1 D Z l R I U G  P O U R  

1 D U R I N G  HOUR 

1 DfJRING I I 9 C i l  

1 D U R I N G  PO'JR 

1 DrlPING HOC9 

1 C U R I L G  YPUF 

1 D U R I N G  POUI;  

1 DVRIhG A 7 U F  

1 C n R I N G  q r ) l l R  

1 D U R I N G  H O f J f i  

1 DURING ROIJR 

1 D U R I N G  HOUR 

1 D U R I N G  HOnF 

1 D U R I N G  HOUR 

1 C U R I N G  HOUR 

1 D U R I N G  YOnR 

1 C U R I N G  HOOF 

1 D U R I N G  H O V E  

1 DUFING S O U R  

1 D U R I N G  HOUR 

1 D U R I N G  HOrJR 

1 DUBING HOUR 

1 DURING H O U R  

1 DURING HOUR 

1 D U R I N G  HOUR 

1 D U R I N G  HOUR 

1 C U R I N G  HOOK 

1 C U R I N G  H O U R  

1 DURING HODF 

1 DURING H O U R  

1 D U R I N G  HOUR 

1 DURING H O U R  

1 DURING HOUR 

1 DIIRING AOllR 

1 C U R I N G  HOUR 

1 C U R I N G  H O U f i  

1 DURING HOUR 
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4 C I S T P N C E  

4 SISTPNCE 

5 C I S T P N C E  

5 CIS ' IANCE 

5 DIS'IANC!! 

6 DISTANCE 

6 CIS'IANCE 

6 C I S ' I I N C E  

7 CIS'IANCE 

7 CTSTPNCE 

7 DISTANCE 

8 C I S T n N C ?  

9 DISTANCE 

e DISTANCE 

9 DISTANCE 

9 C I S ' I I N C ?  

9 C I S T I N C E  

10 C I S T P N C E  

10 CISTANCE 

10 C I S T P N C E  

11 CISTANCE 

11 C I S T P N C E  

11 DISTANCE 

1 2  CISTANCE 

12 n I s T n N c F :  

12 DIS'IANCFJ 

13 DISTANCE 

1 3  CISTANCE 

13 DISTANCE 

1 4  CISTANCE 

14 CISTANCE 

1 4  CISTANCE 

15 CISTANCE 

1.5 DISTANCE 

15 DISTANCE 

16  DISTANCE 

16 CISTANCE 

1 6  CISTANCE 

17 EISTANCE 

1 D U R I N G  AOUR 17 CISTANCE 

0. lOOF 0 4  = 

O.1COE 0 5  = 

0. lOOE 7 3  = 

0 . 1 0 0 E  04 = 

0.170E 0 5  = 

0.1i)en 0 7  = 

O . 1 C O V  0 4  = 

0. l o o p  35 = 

0 . 1 0 0 7  3 3  = 

3. 1 3 O E  04 = 

3.1301 0 5  = 

3 .  l o o t  0 3  = 

0 . 1 3 0 E  0 4  = 

0.1ooE: 05 = 

0. lOOE 0 3  = 

0. l 0 O F  04  = 

0 . 1 O O F  0 5  = 

C.1COE 0 3  = 

0. lOOE 0 4  = 

r ) . l O O P  35 = 

0 . 1 0 0 E  03  = 

0 . 1 3 O E  0 4  = 

0 . 1 0 0 E  05 = 

0. 1 9 0 E  0 3  = 

3 . 1 3 0 E  3 4  = 

0 . 1 0 3 E  0 5  = 

0 . 1 O O E  0 3  = 

3 .1OOE 0 4  = 

0 . 1 0 O E  05 = 

0.1OOE 0 3  = 

0. lOOE 04 = 

0 . 1 0 0 E  05 = 

0. 1 7 0 E  0 3  = 

0 . 1 0 0 E  0 4  = 

0 . 1 0 0 E  05 = 

0 . 1 0 0 E  0 3  = 

0 . l O O E  0 4  = 

0 . 1 0 0 E  05  = 

0. lOOE 03  = 

0.100E 0 4  = 

9.6 39,- G U  

c . 1  46Z-  95 

? . I  60- c2 

1'. 1 4 1 F - O ?  

9. 3 2 7 E - 3 5  

i?. 2 9 2 E - 3 ?  

0 . 2 6  1 3- 7 

0.601 E-95 

0 . 4 6 9  E-0  7 

Q. 4 2 l F  0 3 

c .974c -  95 

0. h 95"- '32 

0 . h 2 5 E - 0 3  

0 . 1 4 5  "- 'I U 

0 . 9 7 0 E - 0 2  

0.875 I?- 0 3 

@. 2 0 4 E -  0 4  

3.1 ? C E - 0 1  

c. 1 1 7 E - 0 2  

C . 2 7 4 ? -  011 

0.1673-01 

0 . 1 5 2 E - 0 2  

0.3556-04 

0 . 2 1 0 E - 0 1  

0 . 1 9 1 F - 0 2  

0 .4  48 P- 0 4 

0 . 2 5 9 F - 0 1  

0 . 2 3 5 E - 0 2  

0 . 5 5 2 E - 0 4  

0 . 3  1 2 2 -  01 

0 . 2  84E- 0 2 

0 . 6 6 8 5 - 0 4  

0 . 3 7 1 E -  01 

0.  3 3 R E - 0 2  

0.797 E - 0 4  

0 . 4  3 6 9 - 0  1 

0 . 7 9 7 E -  0 2 

0 .9  3 7 2 - 0 4  

0 . 5 0 6 E - 0 1  

0 . 4 6  1E- 0 2 
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D E P C S I T I O N  FOR AEROSOI 'IYFE 

D E P O S I T I O N  FOR AEFOSOL ? Y F F  

n E P O S I T I C N  FOR AFROSOL 'TYPE 

C R P O S I T I O N  FOR AFPOSOL TYPE 

P S D O S T T I O N  ?OR AEROSOL 'IYPE 

C E P O S I T I O N  FOQ AEROSCL lVPE 

I )EPOSTTION FOR AEROSOL TYFE 

P F P O S I T I O Y  FOR AEROSOL TYFE 

D E P O S I T I O N  FOR AEROSOL 'IYFE 

C E P O S I T I C N  FOR AEROSOL TYFE 

D E P O S I T I O N  FOR AEROSOL 'TYPE 

n E P C S I T I C N  FOR AEROSOL 'IYPE 

DEPOSTTTON FOR AEROSOL TYPE 

n E P n s I T I o N  FOR A E R O S O L  T Y P E  

D E P O S I T I O N  FOR AEROSOL TYFE 

D E P O S I T I O N  FOR AEROSOL TYFE 

D P P O S I T I Q N  FOS AESOSOL TYFE 

C E P O S I T I O Y  F O R  AEROSOL ' IYFE 

P E P O S I T I O N  FOR AEROSOL TYFE 

E E P O S I T I C N  FOR AEROSOL T Y P F  

D E P O S I T I O N  FOR AEROSOL ?YFE 

D E P O S I T I O N  FOR AEROSOL TYPE 

D ? P O S I T I O N  FOR AEROSCL TY EE 

D E P O S I T I O N  FOR AEROSOL TYFE 

D E P O S J T I O N  FOR AEROSOL I Y F E  

D E P O S I T I O N  FOR AEROSOL I Y F E  

D E P O S I T I O N  €OR AEROSOL TYFF 

D E P O S I T I O N  FOR AEROSOL TYPE 

D E P O S I T I O N  FOR AEROSOL TYPE 

D E P O S I T I O N  FOR AEROSOL TYPE 

D E P O S I T I O N  FOR AEROSCL TYPE 

D E P O S I T I O N  FOR AEROSOL 'IYFE 

D E P O S I T I O N  FOR AEROSOL TYFE 

n E P O S I T I O N  FOR AEROSOI  'IYFE 

D E P O S I T I O N  PO3 AEROZOL TYPE 
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TABLE 2-6 LISTING OF TERMOD SYMBOLS 

soil  surface area rewired-to-furnish F deDosition source, which f o r  
food crops for one man (10' m') 

pasture area per cow (10 m ) 

concentration of radioactivity i n  
the beef (pCi/kg) 

equi 1 i bri um concentration of a 
stable isotope of the nuclide 
i n  wet beef ( g / k g )  

concentration o f  radioactivity i n  
the m i  1 k (pCi / l  i t e r )  

4 2  

Concentration of an element i n  man 
CPPm) 

concentration of an element i n  
meat (ppm) 

concentration o f  an  element i n  
forage (ppm) 

concentration of an element i n  
soil  (ppm) 

radioactivity present i n  thf  soil  
below the root  depth (yCi/m 

dry-weight areal density o f  gan's 
above-surface food (0.1 kg/m 1 
dry-weight,areal grass density 
(0.15 kg/m 

depth of the plow layer (20. cm) 

d l  ,d2 ,d3 ,dt,dietary factors !Lhat correct the 
transfer coefficients t o  man f r m  
those for  reference man t o  those 
for  the population under study 
(dimensionless] ( d l  and d2 = 0.25; 
d 3  and d 4  = 1.0) 

6 

E 

Kronecker delta function 

radioactivity presgnt on above- 
surface food per m of surface 
on w h i g h  the food crop is grow 
( v c i h  1 

th;s calculation was assumed 
t o  be present on1 
t = 0 (pCi/m2-day 7 a t  time 

round,deposi t i  on source 
QpCi/m 

fraction of a s t ee r ' s  
elemental uptake i n  forage 
t h a t  i s  converted i n t o  meat 
(dimensionless) 

fraction of an isotope t h a t  i s  
ingested daily by a cow and 
secreted per l i t e r  of milk 
(days/l i t e r )  

fraction of the t o t a l  uptake 
of a nuclide by a cow which 
is transferred t o  the milk 
(dimensionless) 

radioactivity present inpthe 
grass compartment ( u C i / m  ) 

equilibrium concentration o f  
a stable isotope pf the nuclide 
i n  wet grass (g/m ) 

time between harvest and con- 
sumption of  food associated 
w i t h  the k t h  pathway (days) 

equilibrium stable elemental 
uptake by standard man 

i n p u t  source t o  man (vdF/day) 

turnover rate of the stable 
isotope of  the nuclide i n  man 
(days- ) except for S r  where 
Xe was isotope dependent 

radioactive decay rate  of, the 
nuclide under study (day- ) 

ra te  of increase i n  the wet 
weight muscle mass of a s teer  
w i t h  respect t o  time (0.4 
kg/day 1 



M 

Mb 

M eq 

P 

peq 

P 

R 

S 

s1 ,s2 9 s 3  

‘beef 

‘exc 

milk 

i j  

‘b ,m 

c ,m 

‘e ,m 

T 

T 

T 
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TABLE 2-6 (continued) 

radi oacti  vi  t y  present i n  man 
(?JCi 1 
mass of muscle on a steer a t  the 
time of s laughter  (200 kg/steer) 

equilibrium mass of a s t a b l e  
element i n  the whole body of 
standard man (9)  

rad ioac t iv i ty  present i n  the 
subsurface pool associated w i t h  
one man’s food supply (PCi) 

equilibrium mass of a s t a b l e  
element i n  s o i l  from the 
ground surface t o  the depth  
of the plow layer  (9) 

density of the s o i l  (1.4 g/cm ) 

rad ioac t iv i ty  present i n  the s o i l  
from the ground surface t o  thep 
root depth  of the grass (uCi/m ) 

rad ioac t iv i ty  qresent a t  the s o i l  
surface ($ i /m ) 

3 

correction f a c t o r  t o  account 
f o r  different depositions t o  the 
above-surface food, SI ( O . l ) ,  the 
s o i l  below this food, S2 (0.9),  
and the pasture,  S3 (0.25) 
( fac tors  a r e  dimensionless). 

f rac t ion  of the beef Qerd slaughtered 
per day (0.00381 day- ) 

excretion. r a t e  of a s t a b l e  isotope 
of the nuclide frym the muscle 
of a steer (days- ) 

t ransfer  r a t e  of milk from the 
udder (2.0 days- ) 

t r a n s f e r  coef f ic ien t  from com- 
partment i t o  compartment j. 

amount of meat eaten by a man 
each day (0.3 kg/day) 

amount of milk consumed by a 
man each day (1 .O 1 i ter/day) 

2 

m /day 

1 
0.0495 day- 

m /kg day 

m / l i t e r -day  

0.0495 day- 

1.096 x 10- day- 

day- ’ 
1.096 x 10- day- 

2.74 x 10- day- 

2 

2 

1 

4 1 

4 1 

5 1 

0.0693, 0.00693, and 
0.000693 day- ’; 
usually each problem 
was run  three times, 
once f o r  each value of 
T l i s t e d  

milk capacity of the udder 
(5.5 l i t e r s )  

S S P  

dry-weight amount of 
above-surface food con- 
sumed by a man each day 
(0.25 kg/day ) 

dry weight  grass con- 
sumption per day by a 
cow (10 kg/day) 

amount of m i  1 k produced 
by a cow per day (11 
1 i ters/day) 

amount of s o i l  avai lable  
per man,for food production 
(4 x 10 9) 

1 
I 
1 
1 
I 
u 
I 
1 



TABLE 2-7 ELEMENT-DEPENDENT PARAMETERS FOR TERMOD 

d 
eq 

C a  'ba ' e  fma M 
cs a P 

A1 
V 
Mn 
sc  
Fe 
co 
Zn 

Rb 
S r C  

Y 

Zr 
N b 

Mo 
Tc 
Ru 

Ag 

7.14 E+4 1.30 E+l 1 .00 E 0 
1.00 E+2 1.30 E - 1  1.50 E-2 
8.50 E+2 2.50 Et1 1.00 E 0 
7.00 E 0 7.50 E-3 6.00 E-3 
3.80 E+4 2.50 E+l 5.00 E t 1  
8.00 E 0 7.50 E-2 5.00 E-2 
5.00 E-3 2.00 E+l 3.00 E + l  

1.00 E+2  1.30 E+l 2.00 Et1 
3.00 E+2 5.00 E 0 1.50 E-1 

5.00 E+l 1.30 E - 1  3.00 E-2 
3.00 E+2 5.00 E-2 8.60 E-2 
5.30 E 0 5.00 E-2 7.00 E-1 
2.00 E 0 2.50 E - 1  1.00 E - 1  
1.00 E-13 2.50 E-14 1 .25  E-15 
1 .00 'E-3  5.00 E-5 1 .00  E-3 

1.00 E - 1  1.50 E-2 1.30 E-2 

1.00 E 0 
1.50 E-2 
3.75 E-1  
1 .OO E - 2  
6 .75 E + l  
2.45 E-2 
3.15 E+l 
4.75 E 0 
4.00 E 0 

5.00 E-1 
8.60 E-2 
7.00 E-1 
1.75 E - 1  
1.25 E-15 
1.00 E-3 

1.90 E-2 

1.26 E-3 
1.65 E-2 
4.07 E-2 
2.84 E-2 
8.66 E-4 
7.29 E-2 
7.44 E-4 
1.54 E-2 
6.25 E-4 
1.74 E-4 
4.95 E-5 
1.54 E-3 
9.11 E-4 
1.39 E-1 
6 .93  E-1  
9.42 E-2  
5.33 E-3 
1.38 E-1 

( 8 9 ~ r )  
( 9 0 ~ r )  

( lo3Ru) 
( l o 6 R u )  

5.00 E-4 
1.00 E-3 
2.50 E-4 
5.00 E-6 
1.20 E-3 
1.00 E-3 
3.90 E-2 
3.00 E-2 
2.00 E-3 

7.00 E-2 
1 .05  E-3 
2:62 E-2 
7.00 E-4 
4.72 E 0 
1.71 E-3 
2.30 E 0 

N 
1 

3.32 E-1 
2.80 E - 1  ul 

1 .OO E-5 3.50 E-2 
5.00 E-6 6.02 E-3 
2.50 E-3 4.90 E-2 
7.50 E-3 5.00 E-3 
2.50 E-2 8.75 E-17 
1.00 E-6 7.00 E-5 

5.00 E-2 1 .33  E-3 



TABLE 2-7 (CONTINUED) 

d 
'ba CBa 'e fma Meq 

C b  
P 

Sb 

Te 

I 
Cs 

Ba 

La 

Ce 

Pm 

Eu 

W 

T1 

Pb 

B i  

Po 

Rn 

Ra 
ThC 

2.30 E 0 
1.00 E-3 

5.00 E 0 
5.00 E 0 
5.00 Et2 

4.00 E+l 

5.30 E t1  

1.00 E-18 

1.00 E 0 
1.00 E 0 

1.00 E-1 

1 .OO Et1 

1.00 E-1 

2.00 E-11 

1.00 E-13 

8.00 E-7 
6.00 E 0 

2.50 E-2 

1.30 E-3 

1.00 E-1 

5.00 E-2 

2.50 E 0 

1.30 E-1 

1.00 E-1 

2.50 E-21 

2.50 E-3 

1.80 E-2 

2.50 E-2 

6.80 E-1  
1.50 E-2 

1.00 E-11 
3.50 E-13 

2.50 E-10 

2.50 E-2 

5.00 E-3 

5.00 E-3 

2.00 E-1 
1.00 E-2 

4.00 E-1 

1.00 E-3 

8.00 E-3 

6.00 E-22 

6.00 E-4 

1.20 E-3 

5.00 E-2 

1.00 E-2 

1.00 E-2 

6.00 E-11 
3.50 E-13 

4.30 E-10 
2.50 E-4b 

5.00 E-2 

5.00 E-3 

5.20 E-1 

1.45 E-2 
7.20 E-1 

7.00 E-1 

5.00 E-2 

5.00 E-22 

5.00 E-4 

1.00 Et2 

1.10 E Ob 

4.30 E-3b 

8.60 E-2 

1.00 E-9 

1.00 E-11 

4.30 E-10 
5.25 E O b  

1.82 E-2 

4.62 E-2 

1.33 E-2 
6.30 E-3 

1 .OO E-2 

1.38 E-3 
1.23 E-3 

1.05 E-3 

1.09 E-3 

6.92 E-1 

1.40 E-1 

4.84 E-4 

1.39 E-1 

2.31 E-2 

1.89 E-6 

8.55 E-5  
1.21 E-5 

1.39 E-5 

1.39 E-5  
1.21 E-5 

1.39 E-5 

1.50 E-3 3.50 E-3 

1.00 E-3 3.50 E-4 

6.93 E-3b 3.64 E-2 
1.40 E-2 1.01 E-3 

6.00 E-4 5.00 E-2 

5.00 E-6 5.00 E-2 
2.00 E-5 3.50 E-3 

5.00 E-6 3.50 E-23 

5.00 E-6 3.50 E - 5  

5.00 E-4 7.00 E 0 

2.25 E-2 6.00 E-3 

6.20 E-4 7.70 E-2 

5.00 E-4 3.01 E-4 

3.00 E-3 7.00 E-11 

2.00 E-2  7.00 E-13 

1.50 E+2 3.01 E-11 

(228Th) 5.00 E-6 3.70 E-1 

( 230Th) 

(231Th) 

( 232Th) 

( 234Th) 

N 
1 
u3 
03 



TABLE 2-7 (CONTINUED) 

d 
cS a P ‘ba CBa fma Meq 

C b  

Pa 1.00 E-7 2.50 E-10 1.00 E-9 1 . O O  E-9 1.69 E-5 5.00 E-6 7.00 E-7 
U 1 - 0 0  E 0 2.50 E-3 4.20 E-5 3.00 E-4 6 .93  E-3 5.00 E-4 2.10 E-5 
Mp 1.00 E-12 2.50 E-15 2.50 E-17b 5.25 E-15b 1 .77  E-5 5.00 E-6 3.67 E-16 
Pu 1.00 E-13 2.50 E-17 1.73 E-20b 5.25 E-15’ 1.07 E-5 2.00 E-6 3.67 E-16 

’Am 1.00 E-30 2.50 E-34 2.50 E-36b 5.25 E-3Zb 3.46 E-5 5.00 E-6 3.67 E-33 
Cm 1 .OO E-30 2.50 E-33 2.50 E-35b 5.25 E-31b 2.89 E-5 5.00 E-6 3.67 E-32 

Y .  C .  Ng, C.  A. Burton, S.  E .  Thompson, R.  K. Tandy, H. K.  Kretner, and M .  W .  P r a t t ,  Pred ic t ion  of 
the Maximum Dosage t o  Man from the  Fa l lou t  of  Nuclear Devices. 
Maximum In te rna l  Dose from Radionuclides Released t o  the  Biosphere,  UCRL-50163, p a r t  IV (1968).  

bData ca l  cul a ted .  

‘Ae i s  i so tope  dependent for t h i s  element. 

d M  = 0.07 x C,. 

a 
IV. Handbook f o r  Estimating the 

eq 
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T A B L E  2-8 RADIONUCLIDE INTAKE RATES ($i/day) FOR STANDARD 
MAN CALCULATED WITH THE TERMOD COMPUTER CODE 

ON THE LANDSCAPE P E R  DAY 
ASSUMING A CONTINUOUS UNIT DEPOSITION ( I  pci/rn*) 

In take  (pCi/day) 

Above 
Surface 

Radionucl ide Fooda M i l  k b  Beef To t a  1 

26A1 
9v 

48sc 

5 8 ~ 0  
6oco 
65Zn 

89s1, 

91 S r  

91 Y 
9 5 ~ r  
95Nb 

"Mo 
"Tc ' 03Ru ' 06Ru 

54Mn 
55Fe 

88Rb 
89Rb 

Ag 
11 Om 

' 25Sb 
1 25mTe 

27Te 
1 27mTe 

"Te 

1.20 
1.16 
0.145 
1.15 
1.19 
1 .01  
1.19 
1.14 
0.004 

< 

0.956 
1 .20  
0.035 
0.202 
0.975 
0.994 
0.868 
0.209 
1.20 
0.900 
1.16 
1.14 
1.18 
0.975 
0.034 
1.07 
0.004 

0.18 
0.288 

< 

0.033 
0.16 
0.112 
0.113 
4.88 
0.002 

< 
0.21 
0.295 
0.004 

< 

< 
< 

0.24 
0.163 
9.0 

< 

< 

6.3 
0.198 
0.11 
0.002 
0.12 

< 

0.11 
0.09 
0.001 
0.028 
2.05 
0.62 
0.743 
0.97 

< 

< 
0.005 
0.04 

< 

< 

0.04 
0.355 
1.31 
0.001 
0.07 
2.24 

14.92 
0.145 
0.195 
7 .5  
0.003 

14.5 
< 

1.49 
1.47 
0.146 
1.21 
3.4 
1 .74  
2.05 
6.99 
0.006 

< 
1.17  
1.54 
0.039 
0.20 

1 .01  
1.35 
2.42 
0.37 

10.27 
3.14 

16.08 
7.59 
1.57 
8.58 
0.039 

15.69 
0.005 

. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
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TABLE 2-8 (CONTINUED) 

In take  (uCi/day) 

Above 
Surface 

Radionuclide Fooda Mil k b  Beef!: To t a  1 

1 29mTe 

13’Te 

1 301d 
131 Id  
13ZId . 

1331d 
1 341 
1351 

1 2gId 

34cs 
37cs 
38cs 
40Ba 
4 0 ~ a  
41 Ce 
4 4 ~ e  
47Pm 

. 154Eu ’ 55Eu 
187,+, 

‘02T1 
21 OPb 
21 O B i  

OPO 

222R, 
226R, 
228T h 
230Th 
231 Th  

0.856 
0.239 
1.20 
0.045 
0.454 
0.235 
0.072 
0.003 
0.025 
1.18 
1.20 
0.002 
0.589 
0.135 
0.850 
1 .15 
1.19 
1 .20  
1.17 
0.084 
0.573 
1.20 
0.328 
1.09 
0.267 
1 .20  
1.18 
1.20 

I 0.089 

0.095 
0.025 
3.6 
0.023 
1.13 
0.173 
0.04 
0.001 
0.01 
1.85 
2.08 
0.001 
0.04 

< 

< 

< 
< 
< 

0.002 

0.003 
1.42 
0.09 
0.02 
0.36 
0.57 
2.37 

< 

0,001 

0.10 
0.02 
2.83 

< 
0.02 
0.022 
0.002 

< 
< 

0.195 
0.26 

< 

< 

0.006 

0.01 
0.04 
0.24 
0.3 
0.218 

< 

0.07 
0.02 
0.001 
2.53 
0.006 
2.44 
0.01 
0.014 

< 

1.05 
0.28 
7.63 
0.063 
1.60 
0.43 
0.11 
0.004 
0.03 
3.23 
3.54 
0.003 
0.63 
0.135 
0.86 
1.19 
1.43 
1.50 
1.39 
0.09 
2.06 
1.31 
0.35 
3.98 
0.84 
6.01 
1.19 
1.21 
0.09 
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TABLE 2-8 (CONTINUED) 

I n t a k e  (yCi/day) 

Above 
Surface 

Radionucl ide Fooda M i l  kb Beef To t a  1 

23 'T h 
234Th 

23 ZU 
233u 
234u 
23 5,, 
23 6u 
23 7u 
238u 

NP 
237 

238Np 

234Pa 

236Pu 
238P* 
239Pu 
240P" 

241 Pu 
242Pu 
241 Am 
24Zm 
243h 

1.20 
0.775 

< 
1.20 
1.20 
1.20 
1.20 
1.20 
0.419 
1.20 
1.20 
0.163 
1.19 
1.20 
1.20 

.20 

.20 

.20 

.20 

.20 

.20 
242cm 1.11 
2 4 3 ~ m  1.20 
2 4 4 ~ m  1.20 

0.002 
< 
< 

0.08 
0.08 
0.08 
0.08 
0.08 
0.02 
0.08 
0.001 

< 

0.001 
0.001 
0.001 
0.001 

0.001 
0,001 
0.001 
0,001 
0.001 

< 

0,001 
0.001 

0.03 
0.001 

< 

0.023 
0.023 
0.023 
0.023 
0.023 

< 

0.023 
0.014 

< 

0.003 
0.004 
0.004 
0.004 
0.004 
0.004 
0.014 
0.014 
0.012 
0.05 
0.013 
0.012 

1.23 
0.78 

< 

1.30 
1.30 
1.30 
1.30 
1.30 
0.44 
1.30 
1.22 
0.16 
1.19 
1.21 
1.21 
1.21 
1.21 
1.21 
1.21 
1.21 
1.21 
1.16 
1.21 
1.21 

aO. 25 kg/day i n t a  ke. 
bl .O 1 i ter /day .  
'0.3 kg/day. 
dFor c a l c u l a t i o n  o f  dose t o  c h i l d ' s  t h y r o i d ,  t he  d a i l y  i n t a k e  

i s  assumed t o  be 10 t imes l e s s  than t h a t  o f  an a d u l t  f o r  above- 
sur face  food and beef and equal t o  t h a t  of an a d u l t  f o r  m i l k .  

I 
I 
I 
I 
D 
I 
I 
D 
1 
I 
I 
1 
I 
D 
I 
I 
I 
I 
I 



I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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TABLE 2-9 TERMOD SAMPLE PROBLEM 

T H E  T E R R E S T R I A L  MODEL 

P L E A S E  R E S P O N D  TO Q U E S T I O N S  WITH A ' Y E S '  OR * N O '  
DO YOU WANT A L I S T  O F  T H E  83 R A D I O N U C L I D E S  ? Y E S  

M O - 9 9  
S C - 4 8  
U - 2 3 8  
R N - 2 2 2  
P U - 2 3 8  
Y - 9 0  
cs- 1 3 4  
P U - 2 3 9  
C M - 2 4 3  
AG- 1 1 0 M  
EU- 155 
C R  
M N - 5 4  
KR-85M 
N P - 2 3 7  
A L - 2 6  
R A - 2 2 4  

RU- 1 0 3  
Z N - 6 5  
u-234 
R I - 2 1 0  
K R - 8 5  
Y - 9  1 
C S -  1 3 7  
P U - 2 4 0  
C M - 2 4 4  
TE- 1 2 7 M  
T H - 2 3 1  
P U - 2 3 6  
FE- 55 
T H - 2 2 8  
S R - 9  I 
v- 49 
AC- 225 

1 - 1 3 1  
W-187 
T H - 2 3 4  
P O - 2 1 0  
H- 3 
Z R - 9 5  
C E - 1 4 1  
P U - 2 4 2  
C M - 2 4 2  
TE- I29M 
U - 2 3 6  
RB- 8 8 
c- 14 
U - 2 3 2  
B R - 8 4  
T C - 9 9  
P A - 2 3 3  

1 - 1 3 3  
TL-202 
R A - 2 2 6  
1 - 1 2 9  
S R - 8 9  
N B - 9 5  
CE- 1 4 4  
AM-24-t 
U - 2 3 5  
SB- 1 2 5  
AM-243 
RB- 8 9' 
B R - 8 2  
u-233 
BA- 1 4 0  
TH- 2 32 

TE-  1 3 2  
PB-210 
TH- 230 
P U - 2 4  1 
S R - 9 0  
RU- 1 0 6  
PM- 147 
A M - 2 4 2  
N P - 2 3 8  
EU- 154 
PA- 234 
C O - 5 8  
C O - 6 0  
U - 2 3 7  
LA- 1 4 0  
T H - 2 2 9  

DO YOU WANT TO ADD ANY N U C L I D E S  ?NO 
DO YOU WANT TO I N S P E C T  T H E  DATA COMMON TO A L L  N U C L I D E S  ? Y E S  

R A D I O N U C L I D E  I N D E P E N D E N T  PARAMETERS 

A 
A SUBG 
D S U B F  
DSUBG 
SWALLD 
D I  
D 2  
D 3  
D 4  
K S U B B  
M S U B B  
RHO 
S I  
s2 
s3 
T A U B E F  
TAUMLK 
TAUBM 
TAUCM 
T A U E S  
TAUQR 
T A U P D  
TAURD 
TAURG 
7'AUSP 
U 
V 
VSUBC 
VSUBM 

1 0 0 0  
10000 
0.1 
0. 15 
20 
0.25 
0.25 
1 
1 
0.4 
200 
1 . 4  
0 .  I 
0.9 
0.25 
3 8 1 000 E- 3 
2 
0.3 
1 
0.0495 
0.0495 
I 096003-4 
1 096003-4 
2.740003-5 
0.000693 
5.5. 
0.  25 
10 
11 
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TABLE 2-9 (continued) 

DO YOU WANT TO MAKE ANY CHANGES ? N O  
WILL YOU WANT TO LOOK AT THE DATA S P E C I F I C  TO EACH NUCLIDE ?YES 
DO YOU WANT TO CALCULATE INTAKES ?YES 
HOW MANY TIME VALUES TO BE INVESTIGATED 1 5  
ENTER THE 5 TIMES I N  DAYS 
TIME 1 = ? O  
TIME 2 = 7 8  
TIME 3 = 116 
TIME 4 = ?24 
TIME 5 = 7 3 2  
DO YOU WANT RATE BREAKDOWNS ?YES 
DO you w w r  TO CALCULATE EQUILIBRI  0 IES ? 'ES 

F I S  THE I N I T I A L  DEPOSITION OF THE NUCLIDE I N  UCI/M**2 

ENTER 'DONE' WHEN FINISHED 

NUCLIDE = ? I - 1 3 1  

PARAMETERS FOR 1 - 1 3 1  

LAMRR 
c sum 
C SUBP 
CSUBS 
FSUBM 
LAME 
CSUBBB 
MSUBEQ 
TAUEXC 

80 5700'03-2 
0.2 
0 . 1  
5 
0.01 
60 9 300OE-3  
0 -  52 
0.0364 
0 

DO YOU WANT TO MAKE ANY CHANGES ?NO 
F = ? l o 0  

TIME INTAKE 
(DAYS) (UCI 1 

0 0 0  00E+O0 
8 1*05E+00 

16 1 43E+00 
24 1 55E+O0 
32 1 6 0 E + 0 0  

PERCENT O F  
EQUI L I BRI UM 

0.00 
69-81 
88.05 
95.86 
98.53 

INTAKE RATE 
<UCI/DAYl 

60 25E-02 
70 75E-02 
2.59E-02 
8 . 7 9 E - 0 3  
,3 04 E- 0 3 

1 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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TABLE 2-9 (con ti nued) 

INTAKE RATE FROM EACH PATHWAY <UCI/DAY) A N D  PERCENT OF TOTAL RATE 

TIME SOIL POOL A.S. FOOD BEEF MILK 

0 UCI/DAY 0 * 0 0 E + 0 0  6.256-02 5.56E-1 I 2.29 E- I0 
DAYS PERCENT 0.00 1 0 0 . 0 0  0.00 0.00 

8 UCI/DAY 1 I 5 E - 0 7  2 .08E-02 I 6 0 E - 0 3  50 5 I E-02  
DAYS PERCENT 0.00 26.80 2.06 7 1 0 1 3  

16 UCI/DAY 1 17E-07 6 .90E-03 1 2 9 E - 0 3  1 77E-02 
DAYS PERCENT 0.00 26.63 4.99 68.38 

24 UCIIDAY 8 .93E-08 2 . 2 9 E - 0 3  7 9 7E-04 5 .70E-03 
DAYS PERCENT 0.00 26- 10 9 . 0 7  64.83 

32 UCIIDAY 6 .03E-08 7 .62E-04 4 .43E-04 1 8 3 E - 0 3  
DAYS PERCENT 0.00 25.09 14.57 60.33 

EQUILIBRIUM VALUES FOR A CONSTANT SOURCE OF 1 - 1 3 1  

A.S.FU0D 
SO I L SURFACE 
so1 L PUOL 
PASTURE G R A S S  
PASTURE SO I L 
SOIL SINK 
MILK 
BEEF 
INTAKE RATE 
MAN 

7.26E-01 
1 0 8 E + 0  1 
8.75E+01 
I o  76E+00 
1 0 2 E + 0 0  
1 .41E-03 
1 1 3 E + 0 0  
1 31E-01 
1 62E+O0 
1 75E+0 1 

UCI / M * * 2  
UCI /M**2  
uc I 
UCI / M * * 2  
UCI /M**2 
UCI /M**2 
UCIILITER 
U C I  / K G  
U C I  /DAY 
UCI 

NUCLIDE = ?DONE 

IS THERE ANYTHING ELSE TO DO ?NO 

END OF TERRESTRIAL MODEL SESSION 
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3 Estimation of External Radiation Dose 

offers i t s  user a number of options 

3.1 Dose t o  Man 

The discussion of external dose t o  man in this section i s  developed with 
I 
I 

reference t o  three basic exposure modes: 

contaminated water; ( 2 )  immersion in contaminated a i r ;  and (3) irradiation by 

(1)  submersion of an individual i n  

I 

for simulating external exposure episodes 

For readers without access t o  EXREM 111, dosimetric quantities for each of the 

assessments. 

3-1 

no t  considered. 

( i i )  Exposure v ia  swimming in 

the year. 

contaminated water occurs 1 per cent of 

( iv)  Exposure t o  contaminated 

the year; the receptor i s  

ground surface occurs 100 per cent of 

a point 1 m above the surface. 
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Doses, dose ra tes ,  and dose-rate factors i n  Tables 3-2 through 3-9 may 

be adjusted to  contain exposure factors other than those indicated i n  ( i )  - 
( i v ) ,  provided such factors apply uniformly to  the exposure episode as a 

who1 e.  

In general, the external dose t o  man associated w i t h  a radionuclide de- 

pends upon the distribution o f  the radionuclide i n  the environmental medium 

to  which the reference individual is  exposed, upon i t s  decay and the build- 

up of radioactive progeny, and upon the dynamics of environmental removal 

and replacement of the nuclide and each daughter product. 

t i t i e s  discussed in the following subsections generally assume a homogeneous 

distribution of radioactivity throughout a large region of the medium. The 

calculation of the external dose to  an exposed individual requ res t ha t  the 

concentration of each nuclide i n  the medium be determined as a function of 

time. When radioactive progeny are produced, the concentrations of  the 

Dosimetric quan- 

various species i n  the chain are  interrelated.  Their kinetics i n  an environ- 

mental compartment are generally governed by a system of ordinary l inear  

different ia l  equations of the form 

dCl/dt  = - ( A R  + A E )  C1 + I l ( t )  
1 1 

i -1  i -1 

j = l  
dCi/dt  = -(A; 3. A!) Ci + A; f . .  C .  + I i ( t ) ,  i = 2 ,  ..., n ,  

1 J  J 

( 3 4 )  

where 

n = number o f  species i n  the chain; 

i = index whose value indicates the position of a species i n  the cha 

C i  = C i ( t )  = ac t iv i ty  concentration o f  the i - t h  species i n  the medium 

n ;  

a t  
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time t (pCi per u n i t  length, area, or volume, depending upon the 

nature of the medium) ; 
R = radioactive decay constant (hr-l) of the i - t h  species = I n  2/Ti , 

where Ti i s  the radioactive ha l f - l i fe  ( h r )  of the i - t h  species; R 

X E  = environmental removal ra te  constant (hr-l) for  a l l  f i rs t -order  
1 

environmental removal processes which apply t o  the i - t h  species ; 

f i j  = branching ra t io  of the j - t h  species t o  the i - t h y  where j i s  less  

than i ;  

I i ( t )  = ra te  of production a t  time t of the i - t h  species per l inear  u n i t  

of each dimension of the medium (pCi/hr per u n i t  length, area, or 

volume) ; 

t = time (hr).  

(We have given specif ic  units principally for  i l l u s t r a t ion ;  any consistent 

system o f  units may be substituted.) 

The quantit ies I i ( t )  migh t  be expl ic i t  functions of time, representing, 

for  example, direct  source-term i n p u t s  into the medium; o r  they may stand 

for t ransfer  rates of t h e i r  respective species f r o m  other environmental 

compartments, i n  which case the dynamics o f  the external compartments must 

also be known before the system (3-A) can be solved for  the concentrations 

C + ) ,  . .*,  C n ( t ) .  

We remark tha t  the system (3-A) is  not suff ic ient ly  general t o  model 

a1 1 environmental media adequately: atmospheric transport of radionuclides, 

for example, usual ly  requi res a different  approach. 

I t  i s  appropriate t o  note t h a t  the system (3-14) o f  Sec. 3.1;l.l .Z is  

a special case o f  the system (3-A). 
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The i - t h  nuclide is  i n  equilibrium i n  the environmental compartment 

governed by system (3-A) when i ts  removal and replacement rates are equal 

( i . e , ,  dCi /d t  = 0 ) .  When the equilibrium is sustained i n  time, the con- 

centration of the nuclide i n  the medium is  said t o  be i n  steady state. 

In particular,  the solution of the system (3-A) approaches steady s t a t e  

when a l l  i n p u t s  I i  are constant. In this event, the equilibrium values 

of the concentrations may be found by se t t ing  a l l  dCi/dt  equal t o  zero 

i n  system (3-A) and s o l v i n g  the resulting linear equations for the C i .  

The resul ts  of such calculations must be used w i t h  care, however: 

chain includes long-lived species, the time required for  the system t o  

progress from i t s  i n i t i a l  conditions t o  an approximate steady s t a t e  may 

be long i n  comparison w i t h  the time scale appropriate t o  a given radio- 

i f  the 

R logical analysis. An inspection of the radioactive decay constants Xi 

and the effective removal constants Xi + Xi i s  necessary t o  determine the 

extent t o  which equilibrium concentrations might  be useful. 

is i l lus t ra ted  i n  the examples of Sec. 3.1.1.3. 

R E  

T h i s  p o i n t  

A frequently useful s e t  o f  steacly-state concentrations can be de- 

rived from system (3-A) subject t o  the following assumptions: 

( i )  I , ( t )  = P (a constant), and a l l  other I i ( t )  = 0.  There is  t h u s  

an i n p u t  o f  the f irst  species ( the  parent) a t  a constant ra te .  

Resulting concentrations of daughter products w i  11 be attri bu-. 

table t o  b u i l d u p  only. 

f2,1' 5 2 '  e = * ,  fn,,,l are  the only non-zero branching ra t ios .  ( i i )  

Thus a non-branching pathway through the chain is  being consid- 

ered, where the term "pathway" is used i n  the sense of the f i r s t  

paragraph of Sec. 3.1.1.1.2. Complete analysis of any chain can 

be reduced t o  the consideration of one or more such pathways. 
I 
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The steady-state concentrations are 

P 
R E  c .  = ’ A1 + A1 

... 
R 

’i f i  ,i-1 
(A! + A!) 

= 2,  ..., n . 

I f  other species have non-zero i n p u t s ,  each may be considered the parent i n  

i t s  turn, and Eqs. (3-B) m q y  be applied to  compute the additional concentra- 

tion of the species and i t s  progeny relat ive to  the nuclide pathway being 

considered. 

3.1.1 The EXREM I11 Computer Code 

1 EXREM I11 is  a computer code t o  estimate the dose ra te  and the total  

dose from beta,  positron, electron, x-ray, and gamma radiation result ing 

from submersion i n  contaminated water, immersion i n  contaminated a i r ,  and 

exposure t o  a contaminated surface. There can be more than one environ- 

mental release,  and exposure can begin a t  any time a f t e r  the f i r s t  release. 

EXREM 111 considers contributions from environmental releases and from 

nuclide decay chains. 

culate e i the r  the dose rates a t  any selected time, or the total  dose inte- 

grated over any selected time period, or both f o r  any of the three modes of 

exposure. A separate solution array is printed for  each mode of exposure. 

Nuclear data f o r  over 200 radionuclides comprise the basic data base fo r  

this code. 

For a par t icular  problem the user may choose to  cal- 

EXREM I11 has been used i n  preparing radiation dose estimates fo r  

environmental impact statements f o r  nuclear power plants and other nuclear 

f a c i l i t i e s .  The following sections (3.1.1.1 and 3.1.1.2) were excerpted 
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mainly from Trubey and Kaye ORNL-TM-4322,l who describe the code i n  fu l l .  

EXREM I11 i s  wri t ten i n  FORTRAN 1 V  and i s  designed to  be run on the IBM 360 

75/91 as a batch job .  The code i s  avai lable  upon request from the Radi- 

ation Shielding Information Center, Oak Ridge National Laboratory, P. 0. 

Box X ,  Oak Ridge, Tennessee 37830. 

3.1.1.1 Model Equations 

The derivation of  the .equations used f o r  the computer solut ions for 

external dose estimates are shown by Eqs. (3-1) through (3-24)-, which 

fo l l  ow. 

The dose equivalent ra te  a t  time t ,  including the contribution from 

radionuclide chains, i s  denoted by 

where 

i = radionuclide index, 

q = radiation index ( B  for beta r ad ia t ion ,  p for positrons,  

e f o r  e lectrons,  and y f o r  gamma radiation and x rad ia t ion) ,  

p = exposure index (w fo r  water, a fo r  a i r ,  s f o r  sur face) ,  

1 = location index,  
3 2 C i p a ( t ) =  concentration (uCi/cm for p = w and p = a ,  uCi/cm f o r  p = s )  

of the i t h  - radionuclide f o r  the pt& mode of exposure a t  the 2% 

location a t  time t ,  

) ]  fo r  p = w and p = a ;  mre.m. cm = dose-rate fac tor  [ (  uCi.hr D 
i q P  3 

t = ti.me (hr ) .  
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The t o t a l  dose equiva len t  from tl t o  t2 i s  denoted by 

where tl and t2 a r e  i n  hours .  

3.1.1.1.1 Dose-Rate Factors 

3.1.1.1.1.1 Beta and Gamma Rays 

Whole-Body Fac tors .  The dose-rate  f a c t o r s  ( see  Ref. 2 )  a r e  denoted 

bY 

Ngi - 25.6 
Di6w - -  24.0 n=l (fBinF6in) 9 

51 .2 Nyi - 
( fy inEy in )  

N g i  

- -  
Diyw 24.0 n=l  

- 29.2 - 
2 ( fBinFBin)  ¶ 

29.2 Nyi  - - c ( fy inEyin)  9 

DiBa (24.0)(1 . 2 ~ 1 0 - ~ )  n = l  

Diya (24.0)(1 .2x10m3 n = l  

(3-3) 

(3-4) 

(3-5) 

(3-6) 

Ngi  

n = l  Y (3-7) DiBs = 1.07 iva(F[C,v,a(x)]  + exp[l-va(x)])fginFBin} 

where 

n = p a r t i c l e  o r  photon index ,  

= number of  be ta  p a r t i c l e s  (q = B )  o r  photons (q  = y) Nqi  
emj t ted by the i - t h  radi  onucl i d e ,  
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= abundance (dimensionless) of the n t h  - beta pa r t i c l e  o r  p h o t o n  fqin 
emitted by the i t h  - radionuclide, 

- 
= average energy ( M e V )  of the n t h  - beta pa r t i c l e  emitted by the Egi n 

i - t h  radi onucl i de , 
= energy (MeV) of the n t h  L photon emitted by the i t h  - radionuclide, Eyi n 

x = the distance (cm) from the exposed individual t o  the contami- 

C =  

nated surface , 
3.0, E g i n  < 0.17, 

2.0, 0.17 - < E g i n  < 0.5,  

1.5, 0.5 - < E B i n  < 1.5,  

1.0, 1.5 - < EBin 

n = maximum energy (MeV) of Lie. n f i  beta pa r t i c l e  emittec 

radi onucl i de , 
E B i n  < 0.17, 

0.260, 0.17 - < E B i n  < 0.5, 

0.297, 0.5 - < E B i n  < 1.5, 

1.5 - < E B i n  

a =  

$ =  (18.6)A 
1.37 ( E g i n  - 0.036) 

A = 1 unless nuclide is n o t  a "Fermi allowed'' beta emitter, 

by the i t h  - 
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a ( x )  = distance from the contaminated surface multiplied by the density 
2 of a i r  (g/cm ) , 

EBin  = 0 i f  EBin  - < 0.036 MeV, 
- 

= 1/3 EBin(l-0.02 a)(l+O.25 &=) i f  EBin  > 0.036 MeV 

Z = atomic number, 

Bs = backscatter correction (dimensionless) for a body immersed in a i r ,  

oin = linear energy absorption coefficient (cm-') [ain = o(EAin)], 

and 

El  (o*x)= exponential integral (E-function) of the f i r s t  order. 

Organ Factors. 

t o  the genral rule 

Gamma ray dose rates are computed with EXREM I1 I according 

j p  
D .  ( t )  = H . . ( t )  F 'P 1J 

J .  where 

D .  ( t )  = the dose rate for the p - t h  mode of exposure (a i r  immersion, water 

.submersion, or surface source) from the i-th radionuclide a t  time 
1 P  

= the amount of dose in the p - t h  mode of exposure t h a t  would be 
Fj  p 

delivered from one u n i t  of energy in the j - t h  energy group, and 

H. . ( t )  = the expected rate of energy emission i n  the j - t h  group by the 
1J 

i - t h  radionuclide present at  time t. 

The terms F and, H. . ( t)  are not  simple quantities, b u t  are rather j p  1J 

elaborately computed intermediate results in EXREM I 11. 

Dose rates t o  organs are defined by 

' D O R G .  ( t )  = F.  H.  .(t) Gjpr  
1 Pr JP 1 J  

j 
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where 

D O R G i p r ( t )  = the dose r a t e  from the i - t h  radionuclide i n  the p - t h  

exposure mode t o  the r-th organ a t  time t, and 

= the r a t i o  of the dose r a t e  t o  organ r t o  the dose 
Gj pr 

r a t e  t o  s k i n  f o r  a u n i t  of energy i n  the j - t h  group 

and exposure i n  the p - t h  mode. 

A new quantity O R G M U L i p r ( t )  i s  defined such t h a t  

O R G M U L i p r ( t )  = 

As a pract ical  matter, data are  avai lable  for G only f o r  a i r  immer- 

. Therefore, ORGMUL is compu- Only for Gj,  a i r  immersion, r s i o n ,  i .e . ,  

ted only for the a i r  immersion mode and the same fac tor  i s  used t o  deter- 

mine organ dose r a t e s  f o r  other  exposure modes. The organ dose i s  f i n a l l y  

cal cul ated by 

Poston and SnyderY3 u s i n g  Monte Carlo calculat ions and additional 

extrapolation procedures , have evaluated various organ dose r a t e s  for 

a phantom immersed i n  a i r  containing monoenergetic gamma ray emi t te rs .  

The calculat ion was performed f o r  a to ta l  of 12 d i f fe ren t  energies.  An 

adult  phantom having 85 geometrical subregions was used. Schematic 

drawings provided the location of each organ according t o  subregion i n  

the phantom. 

calculated and depth  dose profiles were constructed. By combining the 

depth  dose prof i les  and the schematic drawings w h i c h  give organ location 

For each photon energy, average dose i n  each subregion was 
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by subregion, an estimate of the absorbed dose to  each organ or region 

was derived by Poston and Snyder. 

matrix [Qjr] , where Q j r  i s  defined as the dose ra te  t o  the r-th organ 

from immersion i n  a i r  containing u n i t  ac t iv i ty  of gamma ray energy i n  

In this fashion they computed the 

the j - t h  group. 

a skin depth of 0.2 centimeter. 

The dose calculated fo r  s k i n  was the average dose over 

I f  skin i s  the organ fo r  which r = 1 ,  

G is  defined by 

- - -  Qjr 
Gj,  a i r  immersion, r Q~~ 

fo r  other organs. 

3.1.1.1.1.2 Positrons and Electrons 

The dose ra te  factors for  positrons and electrons are added t o  

those for  the beta rays. The average electron energy i s  taken t o  be 

the i n p u t  energy; the average positron energy is  calculated as follows: 

- 
Epi  n = 1/3 Epin  (1+0.25 flpin) . 

3.1.1.1.2 Calculation o f  the  Concentration 

In general , nuclide decay chains may be characterized by steps , 

each represented by a par t icular  nuclide. A part icular  nuclide will 

decay by various modes (e.g., f3 decay), branching w i t h  certain prob- 

a b i l i t i e s  (fractions or  branching ra t ios )  t o  other nuclides which may 

or may not be s table .  Consider one possible sequence of decays from 

a s ta r t ing  nuclide t o  a s table  one w i t h  a certain f ract ion,  f ,  decaying 

t o  the next nuclide. This will be called a nuclide pathway. A decay 

chain may be resolved i n t o  one or more such pathways, each of  which i s  
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N & t )  = 

represented as follows where each nuclide is  numbered from 1 to  s :  

fn-2  fn - l  f n  . . .  --+ n-1 -+ n - + s  . 1 3 2 f2,3 fL 

The following system of different ia l  equations describes the decay process 

i n  the nuclide pathway (see Refs. 4 and 5 ) :  

- hi - 

f i  - - 

- 
to - 

N i ( t )  = 

number of nuclei of the 1-th radionuclide present a t  time 

t ( h d ,  

decay constant (hr") of the i - t h  radionuclide, 

(3-9) 

fraction of nuclei of the i - t h  radionuclide which decays 

t o  the (i+'l)-th nuclide i n  the pathway, 

i n i t i a l  time (hr),  and 

Now the ac t iv i ty  is related t o  the number of disintegrations per hour by 

where 

(3-1 0) 

I 
B 
I 
1 
1 
I 

di  s k = 1.332 x lo8 hr.vCi , 
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Ai( t )  = a c t i v i t y  (pCi) of the i - t h  radionuclide a t  time t. 

For submersion i n  air ( p  = a )  o r  water ( p  = w ) ,  l e t  C i p a ( t )  = 

(3-11) di s 
3) , A i ( t )  per u n i t  volume ( 

hr -vCi -cm 

and f o r  exposure t o  surface contamination ( p  = s ) ,  l e t  

di  s 
2) (t)  = A i ( t )  per u n i t  surface area ( 

‘i PR hr -uCi -cm 

Further, l e t  

(3-1 2 )  

(3-13) 

where 

= location correction f ac to r  f o r  the i t h  - radionuclide, gpi R 
the p t h  - mode of exposure, and the R t h  - locat ion,  

Subst i tut ing Eqs. (3-11), (3-12), and (3-13) in to  E q .  (3-9), one obtains 

+ 

+ 
SIClpR(t) 

S2C2pa( t )  

’n-1 ‘(n-1 )PR ( t)  

‘ipR , i = 1 ,  2 ,  . . ., n .  0 

(3-1 4)  
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The general solution t o  this  system o f  equations i s  

, i = 1 ,  

where (3-1 5) 

T = t-to, 

and 

Thus f o r  one environmental re lease,  l e t  to equal the time of  the release 

and Yi equal the quantity of the i t h  - radionuclide released so tha t  CoipR - - 

y i  g p i R ( t ) .  Then C i p a ( t )  i s  g iven  by E q .  (3-15). However, when p = a ,  

'i a t  ( t )  = 0 i f  t > tc (3-1 7 )  

where tc = time (hr) required f o r  the radioactive cloud from the environmental 

release t o  pass the locat ion.  
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The above procedure can be extended t o  estimate C i p a ( t )  when there 

exists more than one environmental release. 

Next, consider a nuclide chain w i t h  branching and locate  each path- 

way i n  the chain. The concentration for each radionuclide i n  each of 

the pathways of the chain can be solved by Eq. (3-15). 

radionuclides, the contributions i n  some pathways must be added t o  the 

contributions from previous pathways. As an example, examine the follow- 

i n g  nuclide chain: 

For cer ta in  

1 h 3 L 

2 _. 4 b 5 L 

Radionuclides 3 and 5 decay in to  a s t ab le  nuclide. 

nuclide chain is  depicted below: 

Each pathway i n  the 

1 + 2 + 3 - + 4 + 5  

1 + - 2 + 3 +  

1 -+ 2 + 504 + 505 -+ 

1 + 503 + 504 + 505 + 

1 + 3 +  

For a par t icu lar  pathway, 500 is added to  the index of a radionuclide, 

as 503, 504, and 505, t o  indicate  t h a t  the contribution f o r  fhe nuclide 

i n  this pathway i s  added t o  the contribution from previous pathways. 

Note t h a t  the par t ia l  a c t i v i t y  of nuclide 3 can be calculated from 

either pathway 1 o r  2 ;  thus 500 is  not  added. The rest of the ac t iv i ty  

for nuclides 3, 4,  and 5 i s  determined from pathway 4. Pathway 5 does 

not add further a c t i v i t y  t o  nuclide 3; thus 500 is  not added. 
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3.1.1.1.3 Calculation of the Accumulated Concentration 

To obtain an algorithm for approximating the integral i n  E q .  (3-2) ,  

consider the simpler case involving only one environmental release. 

Let 

(3-1 8) 

When p = a, the upper limit o f  integration i s  actually the minimum o f  

t2 and t,. By integrating the f i r s t  equation in Eqs. (3-14), one obtains 

By integrating the second equation in Eqs. (3-14) and combining the re- 

sults w i t h  E q .  (3-18), one obtains 

or i n  general 

(3-21) 

Thus Eqs. (3-19) and (3-21) can be used t o  evaluate the integral i n  

Eq. (3-2). 
T 

I f  there i s  more t h a n  one environmental release, then l e t  T? denote 

the time of the i - t h  release. Define k and m so t h a t  ~~2 tl < T ~ + ~  and 

T~ < t < T ~ ~ .  ( I f  k i s  the number o f  the final release, then k+l will 2 -  
not exist ,  and i f  m is the number of the final release, then m+l will not 

exist .) 
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Then 

Let 

(3-23) 

For i = 1 , combine E q .  (3-22) w i t h  E q .  (3-19) t o  obtain 

m 
( t  1 (3-24) 0 

+ 

n=k+l CipRn - ClpR 2 

For i > 1 ,  combine E q .  (3-22) w i t h  Eq. (3-21) t o  obtain 

(3-25) 

3.1.1.2 The EXREM I11 Data Base 

Table 3-1 contains the principal consti tuents of a recent version of 

the EXREM I11 data  base. 

radionuclides, is  organized in to  subtables 3-1A through 3-16. Table 3-1A 

indicates the source i n  the l i t e r a t u r e  of the nuclear data f o r  each radio- 

nuclide i n  the data base. The atomic number, the radioactive decay con- 

s t a n t  X (hr-’), and the number o f  energies of each radiation type (beta,  

positron, photon, and conversion/Auger e lectron)  a r e  displayed i n  Table 

3-1B f o r  each radionuclide. Tables 3-1C through 3-1F contain the energy 

and in tens i ty  of each beta pa r t i c l e ,  positron, e lectron,  and photon, 

respectively,  f o r  each nuclide. And Table 3-16 shows, f o r  the chains 

T h i s  tabulat ion,  which contains data on 228 

R 
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involving nuclides i n  the data base, those decay pathways ( w i t h  branching 

fractions) that  are judged t o  be o f  potential significance i n  t h e i r  con- 

tr ibution t o  external dose. 

of the f i r s t  paragraph of Sec. 3.1.1.1.2. 

The term "pathway" is  used here i n  the sense 
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3.1.1.3 Use of the Tables 

Environmental simulations involving external exposure t o  radionuclides 

are best carried out by one or  more runs of the EXREM I11 code w i t h  data 

appropriate t o  the particular s i tua t ion ;  output from a sample r u n  i s  given 

i n  Table 3-10. For readers t o  whom this al ternat ive i s  impractical, tables 

and examples o f  t h e i r  use are provided to  permit the calculation o f  approx- 

imati ons that  m i g h t  be useful i n radi ol ogi cal assessments . 
Tables 3-2 and 3-3 give dose rates and doses, respectively, t o  an 

individual submersed one per cent of the time i n  a large reservoir of 

contaminated water; sections A and B of this table  correspond t o  electron 

and photon components , respectively . The reservoi r is  assumed t o  have 

received an inflow of a radionuclide a t  the constant ra te  of 1 pCi/ml/hr 

since time zero; the computed dose rates and doses, tabulated fo r  various 

times, include the contribution of any radioactive daughters t h a t  will 

have bui l t  up i n  the water. Complete and instantaneous mixing of nuclides 

w i t h  the water is assumed, and no environmental removal of ac t iv i ty  from 

the water i s  considered ( i  .e. , the only removal process i s  radioactive 

decay). The doses i n  Table 3-3 are  cumulative from time zero t o  the tabu- 

1 a r  times. 

Table 3-4 contains dose ra te  factors for  an individual immersed i n  
3 a i r  contaminated by a radionuclide a t  a concentration of 1 pCi/ml (=1 C i / m  ) .  

These factors pertain only t o  the indicated radionuclide and uniform u n i t  

concentration; they contain no adjustment for  decay or  for  the b u i l d u p  of 

daughter products. They are .intended t o  be employed i n  conjunction w i t h  

an atmospheric transport  calculation which provides the a i r  concentrations 

X ( t )  (pCi/rnl) a t  times t throughout the release episode and a t  the p o i n t  of 
I 

location of the exposed indi$idual. I f  DRF i s  the dose rate factor (mrem/yr 
I 
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per pCi/ml) from Table 3-4 corresponding t o  the nuclide o f  i n t e re s t ,  the 

dose to  the exposed individual is 

D = (DRF) X (mrem) 
'L 

(3-26) 

where 

'L 

X =  f t l  X ( t )  d t  (pCi-yr/ml) 
JtO 

(3-27) 

and 

to = time (yr )  release begins; 

tl = time (yr )  a t  which local concentration becomes negligible.  

In general, the computation of X ( t )  involves the use of an atmospheric 

transport model and must be carried out w i t h  a computer. An important 

special case of the foregoing equations occurs when the release ra te  and 

atmospheric conditions may be assumed t o  produce a steady-state a i r  con- 

centration X(w) of the radionuclide a t  the point of location of the ex- 

posed individual (X(-) m i g h t  represent a time average of measured o r  

predicted concentrations corresponding t o  a long-term, constant-rate re- 

lease of the radionuclide in to  the atmosphere, for  example). 

circumstances the dose ra te  t o  the exposed individual is  

In these 

i = (DRF) X(W) .(mrem/yr). (3-28) 

I f  the reference i ndi v i  dual is  exposed to  the steady-state concentration 

for  a period of durat ion T (y r ) ,  the dose is 

D = b T ( m r e m ) .  (3-29) 
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In the event t ha t  daughter products are present, t h e i r  concentrations 

a t  the point of i n t e re s t  must also be predicted by an atmospheric 

transport calculation and combined w i t h  t h e i r  respective dose rate  

factors from Table 3-4, as indicated above, for  the computation of 

t h e i r  contribution t o  the dose. The kinetics of decay and buildup 

must be modeled together w i t h  the dynamics o f  transport i n  the atmos- 

phere, and the complexity of these processes prohibits fur ther  elab- 

oration here. Atmospheric transport of radionuclides is  discussed 

i n  Sec. 2.1.  

I t  should be remarked tha t  the dose ra te  factors of Table 3-4 apply 

i n  the s t r i c t  sense t o  an individual (point receptor) immersed i n  a 

semi-infinite hemispherical cloud of  a i r  i n  which the distribution of 

ac t iv i ty  i s  spa t ia l ly  uniform. The application of these factors t o  

such nonuniform distributions of ac t iv i ty  as may be expected to  occur 

i n  the atmosphere must therefore be regarded as an approximation. 

Tables 3-5 and  3-6 provide dose rates and doses, respectively, 

t o  an individual from exposure to  contaminated ground; these tables 

are subdivided into A and B sections to  correspond to  electron and 

photon components , respectively. The contamination i s  assumed to  re- 

s u l t  from the deposition o f  a radionuclide, beginning a t  time zero, 

a t  the constant ra te  of  1 pCi/cm /hr. The ground i s  modeled as a 2 

plane surface w i t h  a uniform distribution of ac t iv i ty .  The exposed 

individual i s  represented by a p o i n t  receptor 1 m above the ground. 

The tabulated dose rates and doses take into account radioactive de- 

cay and the b u i l d u p  of radioactive daughter products a f t e r  deposi- 

ti  on ; no environmental removal processes are incl uded. 
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Sample calculations are shown i n  the next subsection t o  i l l u s t r a t e  

the use of Tables 3-2 through 3-6. 

Tables 3-7, 3-8, and 3-9 provide depth dose r a t e  factors  t o  several 

internal  organs corresponding t o  submersion in contaminated water, immer- 

sion i n  contaminated a i r ,  and exposure t o  contaminated ground surface,  

respectively.  

Each dose-rate fac tor  is normalized t o  u n i t  concentration of the  radio- 

nuclide i n  the source medium (pCi/ml for water and a i r  and uCi/cm2 f o r  ground 

These factors  were computed as indicated i n  Sec. 3.1.1.1.1 . l .  

sur face) .  These factors  do not incorporate corrections fo r  decay or b u i l d u p  

of radioactive daughter products. 

the next subsection. 

I l l u s t r a t ions  of their  use are  given i n  

Section 3.1 .1 .2.1 

Example 1 .  Assume tha t  an individual i s  located near a nuclear f a c i l i t y  

which releases "Rb i n  par t icu la te  form t o  the atmosphere; assume further tha t  

source term information and atmospheric t ransport  analysis predict steady- 

s t a t e  ground-level a i r  concentrations and t o t a l  deposition ra tes  for the 

"Rb -+ 'OS, -f chain a t  the location of the exposed individual as follows: 

Steady-State Total 
Depositi n Rate 8 Nucl i de Air Concentration 

(uti /m1) (pCi/cm -hr) 

"Rb 4 . 6 ~ 1 0 - l ~  2.1 xl 0-1 

'OS, 1 . 7 ~ 1  Om*' 7 . 7 ~ 1  

3 . 6 ~ 1  0-23 1 .6x1~-19 

T h e  problem is  t o  calculate  the external dose t o  the exposed individual 

f o r  30 years o f  plant operation. Consider immersion in contaminated a i r  

and exposure t o  Contaminated ground surface'. 
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shown below are  taken from Table 
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electron ,and photon dose r a t e  factors  

3-4. The resu l t ing  doses a re  obtained 

by forming the  product (dose ra te  fac tor )x(  a i  r concentration)x( 30 years) 

(Eqs . (3-28) and (3-29)) : 

Immersion i n  Contaminated Air 

sul t 

must 

t a i  n 

From Table 3-4: 

Nucl i de Electron Photon 

"Rb 1 .61x1010 2 . 2 9 ~ 1 0 ~ ~  

'OS r 1 .68x1~9 0 

8 . 1 1 ~ 1 0 ~  0 

Total 

From Table 3-6 we obtain contaminated 

from 30 years '  deposition a t  the r a t e  

be multiplied by the t o t a l  deposition 

30-Year Dose 
( m r e m )  

E 1 e c t  ron Photon 

2 .zX1 o - ~  3 . 2 ~  o - ~  
8 .6~10- lo  0 

8.8~1 0-1 0 

2.2x10-~ 3 . ~ x i o - ~  

ground doses (mrem) w h i c h  re- 

of 1 vCi/cm /hr. These doses 

ra tes  tabulated e a r l i e r  t o  ob- 

2 

the doses shown: 

Exposure t o  Contaminated Ground Surface 

From Table 3-6: 
30-Year Dose per 
U n i t  Deposition Rate 

( u C i ~ ~ ~ - h r p h o t ~  
30 -Year Dose 

t t ectron Photon 
( m r e m )  

Nuclide E ectron 

"Rb 7 .05~1  O7 6 .35~1  O6 1 .5x1om3 1 . ~ x I O - ~  

'OS r 7 27x1 O1 0 5 . 7 ~ 1  0-3 0 

6 . 3 4 ~ 1  O1 0 1 .ox10-8 0 

Total 7 . 2 ~ ~ ~  1 . ~ x I O - ~  
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We remark t h a t  the tabulated electron dose f o r  "Rb contains contributions 

from the - daughters t h a t  have been formed a f t e r  deposition on the 

ground, 'and a s imi la r  remark applies t o  Sr ,  90 

Example 2. Assume tha t  a nuclear f a c i l i t y  i s  releasing "Mo as a 

l iquid e f f luen t  i n to  a nearby creek which empties i n to  a lake. 

shows tha t  "Mo and daughter 99mTc reach the lake a t  the r a t e  of 

for each nuclide. The mean volume of the lake i s  2x10 R, Assume t h a t  an 

Analysis 

Ci/day 
7 

individual swims i n  the lake one per cent  of the time d u r i n g  30 years of 

plant  operation. Estimate the resu l t ing  externall surface dose and photon 

depth doses to  the organs g i v e n  i n  Table 3-7, and inves t iga te  the i n f i n i t e -  

time contribution of the residual "Tc t o  population dose. Assume 100 

users of the lake per year. 

Solution of Example 2. The radioactive half- l ives  o f  "Mo and i t s  

radioactive daughters (calculated from decay constants i n  Table 3-1B) are 

shown bel ow : 

Nucl i de Radioactive Hal f-Li f e  

9 9 ~ 0  66.2 

99mTc 6.02 

(hr )  

t h a t  "Mo and "?c wil l  come i n t o  equ i l ib r  

very l i t t l e  "Tc will  be formed. The 99mTc 

um ra ther  q u  

i n p u t  to  the 

duces r e l a t ive ly  l i t t l e  "Tc d u r i n g  the 30-year period. 

"Tc a 1 . 2 6 ~ 1 0 ~  

If  we f i r s t  consider only the inflow of "Mo, these half- l ives  ind ica te  

ckly and t h a t  

lake also pro- 

We will  calcu- 

l a t e  the maximum concentration l a t e r ,  b u t  we sha l l  neglect the contri'bution 

of "Tc to  the 30-year dose. We remark tha t  a confirmation of this assump- 

t ion is provided by an inspection of dose r a t e s  f o r  "Mo and 99mTc i n  Table 



3-25 

3-2A. 

and the l a t t e r  remain steady except f o r  an increase o f  one u n i t  i n  the 

l e a s t  s ign i f icant  d i g i t  between 100 and 500 years. 

The former rates  show an unperturbed steady s t a t e  a f t e r  one month ,  
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Our given to ta l  inflow r a t e  and lake volume give a r a t e  per u n i t  

Entries from Table volume of 2 . 0 8 ~ 1 0 - ~  $i/ml-hr fo r  "Mo and 

3-3 and the resu l tan t  surface dose estimates are  shown below. 

Submersion i n  Contaminated Water 

From Table 3-3:  
30-Year Dose per 

, U n i t  Inflow Rate, 

Nucl i de 

mrem ( uCi/ml-hr 
Electron Photon 

30-Y ea r Dose 

Electron Photon 
( m r e m >  

M~ 1 .16x108 1 .45x108 0.241 0.302 

9mrc 4.1 7x105 6 . 1 2 ~ 1 0 ~  8 . 6 7 ~ 1 0 - ~  1 . 2 7 ~ 1 0 - ~  

Total 0.242 0.31 5 

We have noted t h a t  "Mo and the '%Tc formed i n  the lake promptly es tab l i sh  

equilibrium. The steady-state  concentration of "Mo i n  the lake is  given 

bY 

- 2 . 0 8 ~ 1 0 - ~  pCi/ml-hr = 
c1 - 0.693/66.2 hr 

and t h a t  of '%c produced i n  the ake is  the same. The flowing i n -  

t o  the 1 ake reaches the s teady-state  concentration 

- 2 . 0 8 ~ 1 0 - ~  pCi/ml-hr = .81x10-8 pCi/ml 
- 0.693/6 .02 hr 

and t h u s  the to t a l  s teady-state  concentration of '*Tc i s  the sum of the 

two : 

C1 + C 2  = 2 . 1 7 ~ 1 0 - ~  pCi/ml . 
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The fo l lowing  t a b l e  1 i s ts  , f o r  var ious organs ,  the photon depth 

dose r a t e  f a c t o r s  from Table  3-7 and the r e s u l t i n g  30-year doses 

corresponding t o  these con t r ibu t ions :  

. 

Submersion i n  Contaminated Water 

From Table 3-7: 
Photon Depth Dose 
Rate ,Factor  , 

9 9 ~ 4 0  

30-Year Photon 
Depth Dose 

(mrem) 

99mTc 
Organ 9 9 ~ o  

4 B1 adder  1 . 9 2 ~ 1  O4 
Stomach 2 2 6 x 1  O4 
Small I n t .  1 . 7 7 ~ 1 0 ~  
U. Large In t .1  .94x104 
L.  Large Int .1  .67x104 
Kidneys 2 ~ 4 x 1  o4 
Liver 2 .OOxl O4 
Lungs 2 . 2 7 ~ 1 0 ~  
Marrow 2 . 9 5 ~ 1  O4 
Y . Marrow 3.11 xl O4 
R. Marrow 2 J 8 x l  O4 
Mus cl e 2.41 xl O4 
Ovaries 1 .06x104 
Pancreas 1 .69x104 
S kel e ton  2 . 9 5 ~ 1  O4 
Skin 3 .03x104 
Spleen 2.47X1 o4 
Testes 2 . 6 1 ~ 1 0 ~  
Thyrnue 1 .55X104 
Thyroid 2 3 x 1  O4 
Uterus 1 .62x104 
Tota l  Body 2 . 4 2 ~ 1 0  

"9, ( 1 . 9 9 ~ 1  Oe711Ci /ml ) (2.1 7x1 O-'uCi /ml  ) Tota l  

1 .38x104 4 0.115 8.98~10:: 0.205 
1 .30x104 0.135 8 . 4 6 ~ 1 0 ~ ~  0.220 
1 .30x1 O4 0.106 8 . 4 6 ~ 1 0 - ~  0.191 
1 . U x l  O4 0.116 8 . 2 7 ~ 1 0 - ~  0.199 
1 .05x104 9 . 9 7 ~ 1  O-' 6 . 8 4 ~ 1 0  0.168 
1 . 4 6 ~ 1  O4 0.128 9 . 5 0 ~ 1  0I2 0.223 
1 . 4 9 ~ 1  O4 0.119 9 . 7 0 ~ 1 0  0.216 
1 . 6 8 ~ 1  O4 0.136 0,109 0.245 
3 . 6 0 ~ 1  O4 0.176 0 2 3 4  0.410 

3 .32xl O4 0.166 0.216 0.382 
1 .74x103 0.144 -2 0.113 0.257 

1 .05x104 0.101 6 . 8 4 ~ 1 0 -  0.169 
3 .60xl O4 0.176 0 2 3 4  0.41 0 

1 .Zx lO4  0.147 7 . 9 4 ~ 1  O-' 0 2 2 6  
1 . 8 8 ~ 1  O4 0.156 0.122 0.278 
1 .05x104 9 2 5 x 1  O-' 6.84x10-' 0.161 
2 .46x1 O3 0.140 0.160 0.300 
8 . 2 8 ~ 1  O4 9.67x10-' 5.39x10-' 0 . E 1  
2.02x10 0.144 0.132 0 2 7 6  

3.88xi O4 0.186 0.253 0.439 

8 . 5 6 ~ 1 0 ~  6 . 3 3 ~ 1 0  5 . 5 7 ~ 1 0 - ~  0.119 

2 3 x 1  O4 0.181 0.1 53 0.334 

An e s t i m a t e  o f  the t o t a l  30-year bui ldup o f  "Tc may be obta ined  

a s  fo l lows .  I f  CM(t) i s  the concent ra t ion  o f  9 9 ~ c  i n  the l a k e  a t  time 

t, and i f  C ( t )  i s  the r e s u l t a n t  concent ra t ion  o f  "Tc, t h e n  C s a t i s f i e s  

R R dC/dt = -A C + A CM 3 C(O)=O, 
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where 

XR = O.693/(1.26x1O9 hr) = 5 . 5 0 ~ 1 0 - ~ ~  hr-' = 4 . 8 2 ~ 1 0 - ~  yr- ' .  

Dur ing  most of the first 30 years ,  C,,,, has the steady-state value 

2 . 1 7 ~ 1 0 - ~  pCi/ml , and hence . 

-(4*82x10-6)t C ( t )  = 2 . 1 7 ~ 1 0 - ~  [1 - e (pCi/ml), 0 <t <30 y r .  - -  I 
The maximum concentration occurs a t  t = 30 y r :  

C(30) '= 3.14xlO-" pCi/ml. 

I f  one neglects the s l i g h t  increment tha t  would b u i l d  up w i t h i n  the 

several days a f t e r  shut-down d u r i n g  the decay of the residual "Mo and 

" 9 c  i n  the lake,  we may express the concentration of "?c in the lake 

a t  times subsequent t o  30 years as  

I f  i t  is assumed t h a t  100 people use the lake each year ,  t h a t  each 

spends one per cent of the time swimming i n  the lake,  and t h a t  this 

pattern of usage wi l l  persist f o r  the indefinite f u t u r e ,  the contri- 

bution t o  the infinite-time population dose ( t o  t o t a l  body) of the 

residual "Tc i n  the lake is 

D(-) = (100 man)x(8.97~10 x rem/mrem) 

= 5 . 8 4 ~ 1 0 - ~  man-rem. 

The dose-rate factor 8 .97~10 llci /ml was taken f r o m  Table 3-2A as the 

dose r a t e  a f t e r  a one-hour inflow of "Tc a t  the r a t e  o f  1 pCi/ml/hr. 
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, 
Note: 

can be reduced. Suppose, for example, the r a t e  is  one replacement per 3.5 

y r .  Then 

I f  the r a t e  of turnover of water i n  the  lake i s  known,-this estimate 

Substi tution of this expression i n t o  the formula for D ( a )  

D(w) = 9 . 8 6 ~ 1 0 ~ ~  man-rem. 

Example 3.  Assume tha t  a nuclear f a c i l i t y  releases 

gives 

27Sb in to  a 

river a t  the constant r a t e  of 2 Ci/yr.  The flow of the river is 

3 . 0 ~ 1 0 ~ ~  ml/yr, and an average velocity i n  the v ic in i ty  of the plant i s  

3 f t / s ec .  The problem is  t o  estimate the to ta l  body photon dep th  dose 

. 

r a t e  t o  a swimmer 8 miles downstream. 

Solution of Example 3 .  The radioactive half- l ives  and branching 

r a t io s  (from Table 3-16) of lZ7Sb and i t s  daughters a re  indicated i n  the 

following tab le :  

Hal f-Li fe Decay Constant Branching Ratios = From 
Nuclide (hr) (hr-1) 127sb 127M~e 

27Sb 91.2 7 .60~1  0-3 

1 UrnTe 2 . 6 2 ~ 1 0 ~  2 . 6 5 ~ 1 0 - ~  0.166 

27Te 9.35 7.41 XI 0-2 0.834 0.976 

During a brief time increment A t  ( y r ) ,  the  concentration of 127Sb intro-  

duced in to  the element of water flowing past  the f a c i l i t y  s i t e  i s  

6 (2  Ci/yr) At yr 
(3x1015 ml/yr) A t  y r  

x 10 pCi/Ci = 6 . 6 7 ~ 1 0 - ' ~ ~  pCi/ml. 
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As the element of water moves downstream, 127Sb decays t o  form 127ve 

and 127Te. Let C l ( t ) ,  C 2 ( t ) ,  and C 3 ( t )  denote the concentrations (pCi/ml) 

i n  the element of water of 127Sb, 1 2 7 9 e ,  and 127Te, respect ively.  Let 

t = 0 correspond t o  the element's passing the f a c i l i t y ,  and le t  t be 

measured i n  hours. W i t h  these assumptions, C1, C 2 ,  and  C3 s a t i s f y  the 

following equations (system (3-A) of Sec. 3.1):  

Ctl ( t) = 6.67~10 -10 , - ( 7 . 6 0 ~ 1 0 - ~ ) t  

dC2/dt  = - ( 2 . 6 5 ~ 1 0 - ~ )  C2 + ( 2 . 6 5 ~ 1 0 - ~ ) ( 0 . 1 6 6 )  C1 

dC3/dt = -(7.41x10e2) C3 + ( 7 . 4 1 ~ 1 0 ~ ~ )  10.834 C1 + 0.976 C2] , 
C2(0) = C3(0) = 0. 

These d i f f e r e n t i a l  equations f o r  C 2  and C3 may be solved (by the method 

of Lap1 ace transforms , f o r  example) t o  give 

-( 2 . 6 5 ~ 1  0-4) t  - (  7 . 6 0 ~ 1 0 - ~ )  t C , ( t )  = ( 4 . 0 0 ~ 1 0 - ~ ~ )  e - e  
L -(7.6OxlO -3 )t + (3.91x10-12) , - ( 2 . 6 5 ~ 1 0 - ~ ) t  

C 3 ( t )  = ( 6 . 1 5 ~ 1 0 - ~ ~ )  e - 
- ( 6 . 1 9 ~ 1 0 - ~ ~ )  e -(7.41xlO-')t 

Since 3 f t / s e c  = 2.05 m i / h r ,  the element of water wi l l  a r r i v e  8 miles 

downstream i n  3.91 hr. Subs t i tu t ing  this value f o r  t i n  the equations 

f o r  C 1 ,  C2, and C3 gives 

5 = 6.47~10-lo pCi/ml 

C 2  = 1 . 1 3 ~ 1 0 - ~ ~  pCi/rnl ( 1 2 7 ~ e )  

C3 = 1 . 3 8 ~ 1 0 - ~ ~  FCi/ml (' 27Te) . 

(' 27Sb) 

The depth  dose r a t e  factors  f o r  t o t a l  body and the resu l t ing  dose r a t e s  

a r e  g i  ven bel ow. 
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Nucl i de 
12?Sb 

127 mTe 

27Te 

Total 
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Submersion i n  Contaminated Water 

From Table 3-7: 
Total Body Depth 
Dose Rate Factors 

mrem/yr 
pCi / m l  

1.01 X1o5 

7 28x1 0' 

6 . 2 0 ~ 1  O1 ' 

Total Body Depth 
Dose Rate 
(mrem/yr) 

6 . 5 4 ~ 1  0-5 

8 23x1 0-1 

8 36x1 0-8 

Example 4 .  

Assume an instantaneous release of 'lSr t o  the environment. Use 

the EXREM I11 computer code t o  ca lcu la te  e lectron and photon dose-rate 

and integrated dose fac tors  for  the r e s u l t i n g  contamination of water, 

air ,  and ground surface by the 'lSr and daughters ''9 and 'lY. The 

dose integrat ion interval  extends from the time of re lease t o  one hour 

afterward. 

Solution of Example 4. 

Table 3-10 displays an edited version of the EXREM I11 pr intout .  

The f i rs t  two pages of the t a b l e  summarize i n p u t  information. 

sequent pages show, f o r  each medium, fac tors  f o r  dose ra tes  a t  times 

0.0 and 1.0 hr, and accumulated doses f o r  the interval  0.0 t o  1.0 hr. 

Sub- 

These factors  must be interpreted as dose rates  o r  doses per u n i t  

concentration i n  the respective media and must be multiplied by appro- 

p r i a t e  concentrations. For example, i f  an atmospheric dispersion cal-  

culation predicts  an average a i r  concentration of 'lSr a t  ground level 

of 1 x 10-l' pCi/ml d u r i n g  the f irst  hour following the re lease ,  then 

we may estimate a to ta l  a i r  immersion dose of 
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1 x pCi/ml x 0.144 x 10 'mlml = 1.44 x mrem. 

3.2 External Dose i o  Biota 

The  external dose rates from electron and photon radiation t o  an organism 

submersed continuously i n  a body of radionucl ide-contaminated water have 

been calculated and tabulated for  104 radionuclides from dose rates com- 

puted w i t h  the EXREM I11 computer code (Sec. 3.1.1). The contamination 

is assumed t o  be the resu l t  of the release of a radionuclide from a 

nuclear f a c i l i t y  into the body of water a t  a constant ra te ;  no environmental 

removal from the water i s  assumed ( i .e . ,  the nuclide i s  subject only to  

radioactive decay). The dose-rate factors include the contributions of 

radioactive daughter products i f  any are formed. 

For most nuclides and chains, the parent and daughters will establish 

steady-state concentrations w i t h i n  a re la t ively short  time a f t e r  the begin- 

n i n g  of the re1 ease , b u t  exceptions occur when long-1 i ved species are  present ; 

i n  the l a t t e r  case, equilibrium may not be attained w i t h i n  the l i f e  of the 

nuclear f a c i l i t y ,  and dose rates based on the assumption of equilibrium 

may be unduly conservative. 

t o  proceed f o r  30 years, w i t h  inflow of the parent a t  tha t  constant ra te  

which produces a concentration of 1 pCi/ml of the parent a t  the end of the 

30-th year.  The dose ra te  corresponding t o  this concentration of the parent 

and the result ing concentrations of any radioactive daughters has been com- 

puted; this dose ra te  is  the maximum rate  fo r  the 30-year period. 

For such cases, the buildup has been allowed 

The estimated dose rates t o  submersed biota from many o f  the radionuclides 

potentially released from nuclear fuel cycle f a c i l i t i e s  are shown for  a con- 

centration of 1 pCi/ml i n  Table 3-11. 
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TABLE 3-1A EXREM I11 DATA BASE: SOURCES OF INFORMATION 

Radio- 
nuc l i de  Reference 

H-3 
Be-7 
c-11 
C- 14 
N-13 
0-15 
F-18 
Na-22 
Na-24 
W - 28 
A1 -28 
P-32 
P-33 
s-35 
C1-36 
C1-38 
A-37 
A-39 
K-40 
K- 42 
K- 43 
Ca-45 
Ca-47 
Ca-49 
SC-46 
sc-47 
sc-49 
Cr-51 

1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
3 
2 
1 
1 
4 
4 
1 
1 
5 

1 
1 
1 

Radi 0- 
nucl i d e  Reference 

Mn-52m 
Mn-52 
Mn-54 
Fe-52 
Fe-55 
Fe-59 
CO-56 
CO- 57 
CO-58 
CO-60 
Ni-56 
Ni-63 

Zn-65 
Zn-69m 
Zn-69 
Ga - 67 
Ga-68 
Ge-77 

CU-64 

AS-76 
AS-77 
Se-75 
Se-77m 
Br-80m 
Br-80 

Br-82 
Br-83 
Br-84 

4 
1 
1 
4 
1 
1 
1 
1 
1 
6 
1 
1 
1 
1 
5 
5 
4 
4 
7 
1 
7 
1 
7 
5 

5 

1 
5 
4 

Radio- 
nuc l i de  Reference 

Kr-79 
Kr-83m 
Kr-85m 
Kr-85 
Kr-87 
Kr-88 
Rb-84 
Rb-86 
Rb-88 
Rb-89 
Rb-90 
Sr-85 
Sr-87m 
Sr-89 
Sr-90 
Sr-91 
Sr-92 
Sr-93 
Y -87 
Y -88 
Y-90 
Y-91m 
Y-91 
Y-92 
Y-93 

Zr-95 
Zr-97 
Nb-95m 

1 
8 
4 
1 
8 
8 
4 
1 
8 
5 
9 
8 
1 
5 
1 
5 
2 

10 
1 

1 
1 
5 
1 
2 
5 

1 
5 
1 
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TABLE 3-1A (continued) 

Radio- 
nuc l i de  Reference 

Nb-95 

Nb-97m 
Nb-97 
Mo-99 
Tc-99m 
Tc- 99 
Ru-103 
Ru-106 
R h- 103111 
Rh-105 
Rh-106 
Pd-103 
Ag- 11 Om 

Cd- 11 l m  
Cd- 113m 
Cd-115m 
In-113m 
In-114m 
In-114 
In-115m 
Sn-113 
Sn-119m 
Sn-123 
Sn-125 

Ag-111 

Sb-122 
Sb-124 
Sb-125 

1 

5 
5 
1 
6 
5 
1 
1 

1 
5 
1 

6 
5 
1 
2 
2 

11 
1 

12 
12 
13 
1 
5 
5 

14 
5 
1 
1 

Radio- 
nuc l i de  Reference 

Sb-127 5 
Te- 123m 1 
Te-125m 1 
Te-l27m 5 
Te- 127 5 
Te-129m 
Te-129 
Te-13lm 
Te-131 
Te-132 
1-123 
1-124 
1-125 
1-126 
1-129 5 
1-130 4 
1-131 
1-132 
1-133 
1-134 
1-135 
1-136 
Xe- 13 l m  
Xe-133m 

1 
1 

5 
5 
5 

15 
8 
8 

Xe-133 8 
Xe- 13 5m 8 
Xe-135 8 

I Xe-137 8 

Radio- 
nuc l  i de Reference 

Xe-138 

CS-134 
CS-135 
CS-136 
CS-137 
CS-138 
CS-139 
Ba-133 
Ba -1 37m 
Ea-139 
Ba-140 
La-140 
Ce-141 
Ce-143 
Ce- 144 
Pr-143 
Pr-144 

Pm- 147 
Pm-148m 
Pm-148 
Sm- 151 

Nd-147 

Eu-154 
Eu-155 
Eu-156 
Gd-162 
Tb-160 
Ta-182 

16 
5 
5 
5 
8 
5 

17 
4 
6 
2 
1 
1 

1 
5 
1 
5 
1 
5 
1 
5 
5 
5 
5 
5 

16 
5 
5 
5 \  



~~ 

Rad i 0- 
nuc l i de  Reference 

W-185 
W-187 
Au-195m 
Au-195 
Au-198 
Au-199 
Hg-197 
Hg- 203 
T1-204 
T1-208 
T1-210 
P b-204m 
Pb-210 
Pb-212 
Pb-214 
Bi-210 
Bi-212 
Bi-214 
PO-214 
PO-218 

5 
5 
4 
4 
1 
4 
1 
1 

1 
5 
2 

18 
5 
5 
2 
5 
5 

19 
2 
2 
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TABLE 3-1A (continued) 

Radio- 
nuc l i de  Reference 

Rn-220 
Rn-222 
Ra-224 
Ra-226 
Ra-228 
Ac-228 
Th-228 
Th-230 
Th-231 
Th-232 
Th-234 
Pa-233 
Pa-234m 
Pa-234 
U-232 
U-233 
U-234 
U-235 
U-236 
U-237 

2 
2 
5 
5 

20 
20 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 

Radio- 
nuc l i de  

U-238 
U-240 
Np-237 
Np-238 
Np-239 
Np-240111 
Pu-236 
Pu-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 
Pu-244 
Am- 241 
Am-242 
Am- 243 

Cm-243 
Cm- 244 

011-242 

C f  -252 

Reference 

5 
5 
5 

21 
5 
5 
5 

5 
5 
5 
5 

5 
2 
1 
5 
5 
5 
5 
5 

22 

1. M. J. M a r t i n  and P. H. B l i che r t -To f t ,  Radioact ive atoms, Auger- 
e l e c t r o n  a-, B-, y-, and X-ray data, Nuclear Data Tables, Sect ion A, 
- 8(1 - 2)s 1 - 198 (1970). 

2. C. M. Lederer, J. M. Hollander, and I .  Perlman, Table o f  Iso- 

3. 

topes, 6 t h  Ed i t i on ,  John Wiley and Sons, New York, 1967. 

P. M. Endt and C. Van der Leun, Nucl. Phys., A 105, 261 (1967). 

, 
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4. L. T.  Dillman, Radioactive decay schemes and nuclear para- 
meters f o r  use i n  radiat ion dose estimation, Part  2 ,  J .  Nucl. Med., 
Suppl. No. 4, 11 (March 1970). 

5. Unpublished data of the Information Center f o r  Internal 
Exposure, Oak Ridge National Laboratory. Some of the data were 
especial ly  prepared by F. C .  Von der Lage. 

6.  L. T. Dillman, Radionuclide decay schemes and nuclear para- 
meters fo r  use i n  radiation dose estimation, J .  Nucl. Med., Suppl. 
No. 2 ,  10 (March 1969). 

7.  Nuclear Data Sheets - 9(3) (March 1973). 

8. M. J .  Martin, Radioactive Atoms, Supplement 1, ORNL-4923 
(November 1973). 

9. J .  F. Mason and M. W .  Johns, Canadian Journal of Physics 
- 48, 2056 (1970). 

10. 

11. M.  R .  Moret, Compt. Rend. 266 6, 738 (1968). 

Nuclear Data Sheets - 8(6)  (December 1972). 

12. F. E. Coffman and J .  H .  Hamilton, Nuc. Phys. A 127, 586 
(1969). 

13. E .  L .  Murri e t  a l . ,  Phys. Review - 155, 1263 (1967). 

14. 

15. 

16. 

Nuclear Data Shee ts  - 7(5) (May 1972).  

Nuclear Data Sheets G(2) (October 1974). 

Reprint o f  Nuclear Data Sheets (1959 - 1965). 

17. E. A. Zherebin e t  a l . ,  3. Nuc. Phys. (USSR) - 3,  981 (1966). 

18. M.  J.  Martin, Nuclear Data Sheets - 5(6) (June 1971). 

19. Nuclear Data Sheets B 1-5-7 through B 1-5-9. 

20. Nuclear Data Sheets - l ( 5 )  (November 1966). 
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33 

373  
386  
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3 7  
41 
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TABLE 3 - 1 6  

EXREM I11 DATA BASE 
ATOMIC NUMBERS, RADIOACTIVE DECAY RATE CONSTANTS, AND RADIATION TYPES WITH NUMBERS OF ENERGIES 

ATnMIC 
NllHBFR 

1 
4 
6 
6 
7 
8 
s 

11 
11 
12 
1 3  
I5 
1 5  
1 6  
17 
1 7  
1 8  
1 A  
19 
19 
19 
7 0  
2 0  
7 0  
7 1  
7 1  
7 1  
7 4  
2 5  
7 5  
7 5  
7 6  
7 6  
7 6  
7 7  
7 7  
7 7  
7 7  
78 
7 8  
7 9  
3 0  
10 
30 
3 1  
31  
3 7  
3 3  
3 3  
3 4  
7 4  
35 
15 
35 
15 
15 
3 6  
16 
1 6  
3 6  
3 6  
3 6  
1 7  
3 7  
1 7  
3 7  
3 7  

N AHE 

H3  
8 F7 
C l l  
C14  
N13 
I l l 5  
F 1 8  
NA72 
NA74 
MC.28 
AL78 
P 37 
P 33 
535  
CI 36 
CL 38 
A37 
A39 
K 4 0  
K42 
K43  
C A45 
C A47 
C A49 
SC46 
sc47  
F t  4 9  
r u s t  
MN52H 
HN57 
MN54 
FF52 
FF55 
FF59 
C fl56 
t o 5 7  
t.058 
C060 
N156 
N163 
C U64 
7 N65 
ZNh9Y 
7N69 
GA67 
GA68 
GF77 
A (76 
AS77 
SF 75 
SF77H 
RRBOH 
RR 80 
RR 62 
R R R 3  
BR 84 
KR 79 
K R 8 3 M  
KR85H 
KR85 
KRH7 
KR88 
R R A 4  
RR86 
R 8 R 8  
R R89 
R R90 

nECAY CONSTAkT Nn. BETA- 
( I / H R S l  

6.41200t-06 
5 -4 18 OOE -0 4 
2.03900E 00  
1.379OOF-08 
4.17100E 00  
2.04500E 01 
3.7 8700E-0 1 
3 - 0 4 1  OOE -0 5 
4.621 O O E - 0 2  
3.78500E-02 
1.85700E 0 1  
2.02100E-0 3 
1.141OOF-0 3 
3.3 11 OOE-04 
2.62700E-I 0 
1.11700E 00  
6.29740E -04 

6.17700E-14 
5.60800E-02 
3.12200F-02 
1.7 7 1 DOE -0 4 

4.76800E 3 0  
3.44600E-34 
8.4670OF-03 
7.2 5700E -0 1 
1.04200E-O 3 
1.94300E 0 0  
5.12900E-03 
S.24000E-05 

2.92900E-05 
6.475 00E-04 
1.678COE-04 
1 - 0 6  5 OOE - 0 4  
4.0 50 OOF-0 4 
1.50300E-0 5 
4.73400E-03 
7.905 OOt-0 7 
5.44 0 OOE -02 
1.18500E-04 
4.99000E-02 
7.29500E-JI 

6.OS700E-01 
6.13300E-02 
2.6350OF-02 
1 7R6 OOE-J 2 
2.40700F-04 
1.42560E 0 2  
I .  56800E-0 I 
2.3R970E 00 
1.95800E-02 
2. R7610E-0 1 
1.29960E 00 
1.9 8600E-02 
3.72600E-01 
1.54700E-0 1 
7.36900E-06 
5 4 7  1 00F-0 1 
2 a 47500E -0 1 
8.49300E-04 
1.54800E-03 
2.34900E 00 
2.736QQE 00 
1.54000E 0 1  

2 .93800~-0  7 

6.360 no€ -03 

e. 3 4 9 0 0 ~ - 0 2  

e.85500~-03 

PARTICLES 
1 
0 
0 
1 
0 
0 
0 
0 
2 
1 
1 
I 
1 
1 
1 
3 
0 
1 
1 
5 
4 
1 
3 
5 
1 
2 
1 
0 
0 
0 
0 
0 
0 
5 
0 
0 
0 
2 
0 
1 
1 
0 
0 
1 
0 
0 

15 
9 
5 
0 
0 
0 
4 
2 
2 
0 
0 
0 
1 
2 

11 
10 

I 
2 

10 
7 

15  

PnS I TRO N 
PARTICLES 

0 
0 
1 
0 
1 
1 
1 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
1 
0 
1 
0 
0 
3 
0 
1 
0 
0 
0 
1 
1 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
2 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 

PHOTONS 
0 
1 
1 
0 
1 
1 
1 
3 
3 
5 
1 
0 
0 
0 
1 
2 
1 
0 
2 
3 
7 
0 
5 
5 
2 
2 
0 
2 
7 

13 
2 
5 
1 
6 

2 7  
5 
5 
2 
7 
0 
3 
3 
4 
0 

14 
8 

2 6  
2 2  
8 

11 
4 
7 

11 
2 1  

8 
2 2  
2 5  
4 
6 
1 

2 8  
30 
9 
1 

12 
8 

3 0  

NUMBER CONVERSION/AUGER 
ELECTRONS 

0 
1 
1 
0 
1 
1 
1 
1 
1 
2 
0 
0 
0 
0 
2 
0 
3 
0 
2 
0 
0 
0 
0 
0 
3 
3 
0 
2 
5 
2 
2 
5 
2 
0 
2 
9 
2 
0 
6 
0 
2 
2 
8 
0 

11 
5 
0 
2 
0 

16 
7 

11 
8 
I 
8 
4 
4 
9 

10 
0 
3 
7 
5 
0 
0 
0 
r 



I N D E X  

346 
392 

38 
47 
46 
51 
5 5  

368 
369 

43  
47 
4 8  
52 
5 6  
6 5  
6 9  
6 6  
67  
7 0  
71 
77 
7 8  
7 9  
88 
97 
89  
96 
9 8  

398 
3 3 1  
114 
507 
5 1  I 
I t 5  
394 
42 7 
5 1 4  
127 
393 
405 
154 
161 
428 
159 
162 
168 
396 
163 
1 6 9  
170 
176 
177 
1 8 5  
186 
191 
395 
374 
399 
375 
178 
388 

ATllHlC 
N U M R E R  

38  
38 
38 
38  
38  
38  
38 
3 9  
3 9  
39 
39 
39 
39 
39 
4 0  
4 0  
41 
41 
41 
4 1  
42  
4 3  
4 3  
4 4  
4 4  
45 
4 5  
45 
46 
4 7  
47 
48 
4 8  
4 8  
4 9  
4 9  
49  
49  
5 0  
5 0  
so 
50 
51 
5 1  
51 
51  
52 
5 2  
5 2  
52 
52 
52 
57 
5 2  
52 
5 3  
53  
53  
5 3  
5 3  
53  

N I M F  

SR 85 
t R  87H 
SR89 
SR 90 
S R 9 1  
SR 92 
SA93 
Y 87 
Y 8R 
Y 90 
Y91H 
Y 91 
Y92 
Y 93 
LR95 
ZR97 
N895H 
NR9S 
N097H 
NR97 
11099 
TC99 H 
T C 9 9  
RU103 
RU106 
RH103H 
RH105 
RH106 

A G l l O H  
A G l l 1  
C O l l l H  
COl l3H 
CD 11 5 H  
IN113M 
IN114H 
IN114 
I N 1 1 5 H  
S N l l 3  
SN119H 
SN123 
S N l 2  5 
SR122 
'33124 
58125 
SRl2 7 
T E l 2  3H 
T F l 2  5M 
TEl27M 
E 1 2 7  
TF12 9H 
TF129 
TE131H 
T E 1 3 1  
TE132 
1123 
I 1 2 4  
I 1 2 5  
I126 
1129 
1130 

p n i 0 3  
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TABLE 3-1B (continued] 

D E C A Y  CONSTANT 
( l / H R S I  

4.42900E-04 
2,46700E-0 1 
5.71700E-04 
2.726OOE-06 
7.31000E-02 
2.55700E-01 
5.S4400E 00  
8.63000E-03 
2.70900E-04 
1.083COE-02 
8.36700E-0 1 
5.1 O2OOE -04  
1.96320E-0 1 
6.79600E-02 
4.409 OOE -0 4 
4.12500E-02 
8.00000E-0 3 
8,2280M-04 
4.62000E 0 1  
5.64900E-01 
1.04700E-02 
1.151 4OE-0 1 
3.73000E-LO 
7.29300E-34 
7.8 2600E-05 
7.425OOE-0 1 
1.95200E-02 
e.344OOF 3 1  
1.65000E-03 
1.15300E-04 
3.876OOE-03 
8.53800E-0 1 
5.415 00E-06 
6.474OOF-04 
4.18000E-0 1 
5.775 00E-04 
3.46500E 0 1  
1.54OOOE-01 
2.511 00E-04 
I. 17900E-04 
2.2 38 OOE -0 4 
2.99 5 OOE-0 3 
I .  061 6OE-0 2 
4.797006-04 
2.8 S60 OF -0 5 
7.59900E-03 
2.4 12 OOE-04 
4,97900E-04 
2.65000E-04 
7.413 00E-02 
8.645 O O E - 0  4 
5.94000E -0 1 
2.31000E-02 
1.6630OE 00  
e. 886OOE-03 
5.2 9000E-0 2 
6.925006-03 
4.83700E-04 
2.221OoE-03 
4.9 720OE-iL 
5.59000E -02 

NO. EETA- 
PARTICLES 

0 
0 
1 
1 
5 
4 
7 
0 
0 
1 
0 
2 
7 
6 
4 

10 
0 
1 
0 
8 
6 
0 
1 
4 
I 
0 
4 
7 
0 
3 
3 
0 
1 
5 
0 
0 
2 
2 
0 
0 
1 

1 4  
3 

10  
7 

1 5  
0 
0 
2 
2 
7 
8 

15 
9 
1 
0 
0 
0 
3 
1 
3 

POSITRON 
P A R T  I C L  E S  

0 
0 .  
0 
0 
0 
0 
0 
2 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
2 
0 
0 

N U M R E R  CONVERSION/AUGER 
P H O T O N S  

3 
1 
0 
0 
5 
3 

2 2  
5 
6 
0 
6 
1 

11 
9 
4 

30 
1 
2 
6 

14  
10 
6 
0 
8 
0 
5 

10 
11 

3 
27 

4 
2 
5 

1 4  
1 

13 
6 
7 
3 
7 
0 

2 3  
1 4  
2 4  
2 3  
30 

4 
4 
6 

10 
22 
29 
30  
2 6  

4 
11 
30 

6 
1 6  

6 
9 

ELECTRONS 

4 
3 
0. 
0 
0 
0 
0 
5 
2 
0 
0 
0 
3 
5 
4 
7 
3 
2 
8 
6 

1 3  
12  

0 
4 
0 
7 

11 
2 

1 1  
2 5  

5 
0 
7 
2 
3 

1 4  
5 
8 
3 

10 
0 
0 

1 5  
2 

1 4  
23 

9 
8 
8 
5 

12 
11 
30 
13  
0 
5 
3 
8 

11 
8 

11 



187 
197 
196 
200 
202 
206 
1813 
1 9 7  
198 
203 
204 
709 
2 13 
3 2 7  
205  
20 7 
2 10 
214 
217 
4 0 0  
21 1 
218 
22 1 
222 
22 7 
7 3 6  
238 
7 3 7  
239 
2 4 6  
247 
4 0 6  
4 0  7 
755 
260 
262 
264 
332 
2 72 
341 
290 
29 1 

2 7 9  
2 8 8  
389 
39 7 
3 0 1  
300 
4 76 
518 
296 

370 

I N O E X  AmHlC 
NUMBER 

5 3  
53  
5 3  
53  
5 3  
53  
5 4  
5 4  
5 4  
5 4  
5 4  
5 4  
5 4  
5 5  
5 5  
5 5  
55 
5 5  
55 
56 
5 6  
56 
5 6  
5 7  
5 8  
5 8  
5 8  
5 9  
5 9  
60 
6 1  
61 
6 1  
6 2  
63 
63 
63  
6 4  
6 5  
73 
7 4  
74  
7 9  
79 
7 9  
7 9  
80 
80 
8 1  
8 1  
81 
8 2  

NAME 

I131 
I 1 3 2  
I 1 3 3  
1134 
1135 
I136 
XF131M 
XF133H 
XF133 
XE135M 
XE135 
XF137 
XE138 
CS134 
CS135 
CS136 
CS137 
CS138 
CS139 
EA133 
8A137H 
EA139 
8Al4O 
LA140 
CF141 
CE143 
CE144 
PRIG3 
PR144 
NO147 
PHI47 
PCll48H 
PH148 
SH 15 1 
EU154 
EU155 
EU156 
GO162 
Ti3160 
TA182 
Y185 
V I 8 7  
AU195H 
AU195 
AU198 
All199 
HG197 
HG203 
11204 
TL208 
TL210 
P8204H 

3-42 

TABLE 3-18 (continued) 

DECAY CONSTAN1 
I l / H R S l  

3.59 I O O F - 0 3  
3.04000E-01 
3.3 01 OOE-0 2 
1.905 OOE -0 1 
1.052 OOE-0 1 
2.93500E 01 
2.40800E-03 
1.29500E-02 
5.459OoE-03 
2.718OoE 0 0  
7.557006-02 
1.08300E 0 1  
2.77200E 0 0  
3.83800E-05 
3.437OOF-I 1 
2.22100E-03 
2.62600E-06 
1.29150E 0 0  
4.4710OE 00 
1 6 0 1  00E-06 
1.63100E 01 
4.99200E-0 1 
2.25600E-0 3 
1. 72100E-02 
f.91900E-04 
2.06000E-02 
1.0 1700E-04 
2.126 70E-03 
2.4070oE 00 
2.6113M-03 
3.0 1400E-0 5 
6.99200E-04 
5.37700E-03 
S.08900E-07 
9.303 OOE-06 
1.5942OE-05 
1 -89970E-0 3 
4.158006 0 0  
4.05600E-04 
2.5 11 OOE-04 
3.8 5000E -04  
2.90000E-02 
8.18000E 0 1  
1.561 Om-04 
1.07100E-02 
9.19600E-03 
1.081 OOE-0 2 
6.19900E-04 
2.092 OOE-05 
1.3615M 01 
3.19800E 0 1  
6.2 1520E-0 1 

NO. BETA- 
PARTICLES 

5 
9 
5 
9 
3 
8 
0 
0 
2 
0 
5 
9 
5 
3 
1 
3 
2 
7 
7 
0 
0 
3 
5 

10 
2 

10 
4 
1 
3 
7 
1 
4 
4 
2 

15  
6 
4 
1 

11 
9 
1 
8 
0 
0 
2 
3 
0 
1 
1 
4 
0 
0 

POSITRON 
PART ICL E S 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

NUMBER CONVERSION/AUGER 
PHOTONS 

14 
30 

7 
2 4  

8 
20 

3 
3 
5 
3 
8 

13  
12 
1 4  

0 
15  
0 

14 
1 2  
1 4  

3 
6 

17  
2 4  

3 
30  

7 
0 
3 

2 1  
0 

2 5  
9 
2 

3 0  
16 
2 3  

8 
30  
3 0  

0 
11 
10 
10 

5 
10 

5 
3 
2 

1 9  
1 
5 

EL ECTROYS 
12 
14 
0 
8 
0 
9 
6 
6 
6 
5 
5 
2 
1 

15 
0 

3 0  
0 
3 
0 

2 2  
5 
8 

13  
8 
5 

2 0  
18  
0 
0 

3 0  
0 

30  
13 
4 

3 0  
30 
0 

13 
3 0  
3 0  

0 
2 3  
17  
13 

5 
12 
6 
5 
2 

2 0  
0 
0 
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TABLE 3-1B (continued) 

INDFX 

?9 9 
4 5 5  
5 1  5 
32 1 
4 5 7  
516  
5 1 7  
513 
508  
5 1 9  

3 4 8  
46 1 
4 6  3 
357 
355  
4 6  5 
3 4 9  
3 5 6  
3 5 8  
3 5 4  
4 09 
3 5 9  
353  
338  
339  
4 6  R 
3 1 3  
3 4 0  
4 9  6 
3 4  5 
5 1 2  

4 9  7 
4 9 4  
2 8 0  
28 1 
2 8 2  
7 8 3  
7 8 4  
7 8 6  
3 3 4  

3 3 5  
3 3 6  

337  
4 74 

4 6 n  

330 

404 

403 

ATflM 1 C 
NLJMRER 

8 7  
8 2  
8 2  

R3 
A3 
8 4  
8 4  
8 6  
A6 
R 8  
R 8  
R 8  

90 
9 0  
9 0  
90 
90 
91 
9 1  
9 1  
9 7  
9 ?  
9 2  
9 2  
9 2  
9 7  
9 2  
9 7  
9 3  
9 3  
9 3  
93 
9 4  
9 4  
9 4  
9 4  
9 4  
9 4  
9 4  
9 5  
9 5  
9 5  
9 6  
96 
9 6  
9 8  

n3 

9n 

NAME 

P8210  
Pi321 7 
PR714 
8 1 2 1 0  
81712  
81214  
Pfl714 
PO?I R 
RN220 
RN222 
RA724 
R A22 6 
RA72 8 
AC72 8 
TH22 8 
TH230 
TH23 1 
TH732 
TH234 
PA233 
PA234H 
PA734 
U732 
u733 
u234  
u 735 
U236 
U217 
U238 
(1740 
NP23 7 
NP23 R 
NP239 
NP240M 
PU236 
PI123 8 
PU239 
PU240 
P U24 1 
P U247 
P I124 4 
AM741 
AM?4? 
AM243 
tM?42 
CM243 
CM744 
CF252 

OECAV CONSTAN1 NO. BETA- 
( l /HRS)  PARTICLES 

3.54500E-06 2 
6.5 15 OOE -0 2 3 
1.5500OE 0 0  7 
5.763COE-03 1 
6.86300E-01 6 
2.10000E 0 0  1 5  
1.52000F 0 7  0 
1.36300F 01 0 
4.48700E 0 1  0 
7.55000E-0 3 0 
7.93400F -03 0 
4.94000E-0 8 0 
1.37500E-05 1 
1.130UOE-0 1 9 
4.1 3 3 OOE -0 5 0 
1.0267OF-09 0 
2.71800E-02 3 
5.64600E-15 0 
1.19800E-03 3 
1.07OOOF-03 5 
3.53900E 0 1  4 
1.03900E-01 4 
1.098OOF-06 0 
5.00400E-LO 0 
3.24000E-10 0 
1.12290E-13 0 
3.37600F-12 0 
4 .27900~-03  4 
1.76900E-14 0 
4.9 160OF -0 2 1 
3.69500E-1 1 0 
1.362 00E-02 4 
1.229OOF-02 6 
5.54400E 00  9 
2.77390E-0 5 0 
S.OO4OOE-07 0 
3.241 00E-09 0 
1.701 70E-08 0 
5.27000E-06 1 
2.04300E-10 0 
F.52470E-14 0 
1.82600E-07 0 
4.3 2600E-02 0 
1.070 OOE-0 8 0 
1.77200E-04 0 
2.82300E-06 0 
4.41700E-06 0 
2.98000E-05 0 

POSITRON 
PARTICLES 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 .  
0 
0 

.O 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 

-* 

NUMBER CONVERSION/  AUGER 
PHflTONS ELECTRONS 

4 4 
11 16 
1 5  2 2  
0 0 

19 11 
30 30 

1 0 
1 0 
1 0 
1 0 
6 5 
8 6 
I 1 

1 2  5 
8 5 
7 6 

2 4  2 0  
4 4 
7 1 2  

2 0  2 9  
1 5  13 
30 30 

5 6 
19 1 2  
5 7 

19 30 
4 4 

2 0  2 5  
5 6 
4 4 

1 5  8 
7 0 

2 5  30 
19 1 3  

5 6 
5 6 
8 11 
5 6 
0 0 
4 4 
0 0 
4 1 8  

1 2  11 
6 8 
5 6 

2 9  30 
5 5 

13 0 



I 

INnEX 

303 

31 4 

309 

376 

3 7 7  

310 

509 

31R 

31 7 

37d 

506 

379 

315 

RAOIONUCLIOF NO. M A X I M U M  ENERGY 
(HEV8 

n3 1 0.01d5 

C. 14 1 0.156 1 

Nd74 1 0.2840 
2 1.3920 

MG7A 1 0.4590 

AL28 1 2.8550 

P 37 1 1.70d9 

P 33 1 0.0766 

5 35 1 0.1073 

CL36 1 0.708Y 

CL 38 

A 39 

K 40 

K 4? 

1 
2 
3 

1 

1 

1 
2 
3 
4 
5 

1.1030 
2.7450 
4.9130 

0.565 0 

1.3140 

0.0700 
1.0900 
1.6b30 
1.9950 
3.5200 

TABLE 3-1C 
EXREM I11 DATA BASE 

ENERGY AND INTENSITY FOR EACH BETA PARTICLE 

I NTENS I T Y  
4 FRACTICN) 

1.00000 

1.00000 

0.00 LOO 
0.99900 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

0.98 100 

0.32800 
0.11 200 
0 . 5 6 C O O  

1.00000 

0.89300 

0.00 100 
0.00100 
0.00200 
0.17600 
0.82 100 

INDEX 

387 

111 

3 80 

3R2 

316 

3 8 1  

183 

308 

RAnlONUCLIDE NO. c l A X l M U M  FYERGY 
t M F V )  

K 43 1 0.4600 

3 
4 1.8100 

7 0.820 1.2400 0 

CA45 1 0.2570 

t A 4 7  1 n.6070 
2 1.2170 
3 1.91140 

CA49 0.5290 1 
2 1.1920 
3 7.1800 
4 2.9000 
5 3.0400 

SC46 1 0.3570 

s c 4 7  1 0.441 0. 
7 0.6000 

SC45 1 2.00d0 

FF59 

3 2 3  C06n 

384  N I 6 3  

324 t l l 6 4  

1 0.0840 
7 0.132 0 
3 0.2740 

0.4b70 4 
5 1.5660 

1 0.31r9 
2 1.491 1 

I 0.0659 

1 0.5736 

INTEISSITY 
I FRACTICN) 

0.08000 
0.87000 
0.03 700 
0.01300 

1.00000 

0.82000 
0.00100 
0.180@0 

0.00300 
0.07900 
0.90900 
0.00500 
0.00400 

1.00000 

0.70000 
0.30000 

1.00000 

0.00 100 
0.00 100 
0.46000 
0.53000 
0.00300 

0.99400 
0.00100 

1.00000 

0.38000 

w 
I 

'P 
P 
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TABLE 3-1C (continued) 

I N D E X  R A O l O N U C L l O E  NO. 

34 R E 8 8  1 
z 
3 
4 
5 
6 
7 
8 
9 

1 0  

37 RR89 

41 R R 9 0  

78  SRR4 

4 7  tR9O 

46 SR91 

51 SR92 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 
R 
9 

10 
1 1  
1 2  
1 3  
1 4  
1 5  

1 

1 

1 
7 
3 
4 
5 

1 
2 
3 
4 

MAXIMUM ENERGV 
( M E V )  

0. Wt9 0 
0.4580 
0.5580 
0.7900 
0.8920 

2.0850 
2.5700 
3.4660 
5.3040 

0.c200 
0.6700 
1.1700 
1.3300 
1.83100 
2.8700 
3.Y200 

1.3300 
1.4120 
1.6200 
1.9500 
2.2300 
2.4600 
2.6000 
3.1500 
3.2200 
3.560 0 
4.0700 
4.7100 
4.Y500 
5.7700 
6.6000 

1.8150 

1.4630 

0.5460 

0.6100 
1.0900 
1.3700 
2.0300 
2.6700 

0.530 0 
1.4690 
1.6700 
1.9000 

I NTENS I TY 
( F R A C T I C N )  

0.00500 
0.00400 
0.00200 
0.02500 
0.00200 
0.00100 
0.0 1200 
0.14000 
0,04800 
0.76200 

0.02000 
0.2 8000 
0.03000 
0.02000 
0.53000 
0.05000 
0.07000 

0.03100 
0.04100 
0.01600 
0.03800 
0.16600 
0.09900 
0.01 800 
0.01300 
0.08 100 
0.01600 
0.01000 ' 

0.06800 
0.01000 
0.24300 
0.15000 

1.00000 

I .  00000 

0.07000 
0.33000 
0.29000 
0.04000 
0.27000 

0,90000 
0.04100 
0 ,03500 
0.02400 

1NI)EX 

5 5  

R 4 D l O N U C L I O E  NO. 

4 1  v 9 0  

4 8  Y91 

57 Y92 

56 Y93 

65 ZR95 

6 9  ZR97 

b7 NR95 

1 

1 
2 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
'5 
6 

1 
2 
3 
4 

1 
7 
3 
4 

' 5  
6 
7 
8 
9 

1 0  

1 

P I X I H U M  €NERGY 
t W E V I  

2.2000 7.6000 

4.2000 
3.YOOO 
3.8000 
3.5000 
3.3000 

2.2740 

0.3400 
1.5450 

1.3000 
1.5600 
1.8000 
2. I400 
2.2500 
2.7000 
3.6300 

0.430 0 
0.7100 
1.4400 
1.9400 
2.0200 
2.8900 

0.3640 
0.3970 
0.66bO 
1.1210 

0.420 0 
0.5000 
0.6200 
0.9100 
0.9200 
1.620cJ 
1.1200 
1,3900 
1.420 0 
i.9300 

0.159 7 

I N l  EN S I TY 
t F R A C T I  ON1 

0 . 2 5 C O O  
0.10000 
0.10000 
0.14000 
0.08000 
0.16000 
0.13000 

1.00000 

0.00200 0.99800 

0.06aoo 
0.00300 
0.00800 
0.01500 
0.02300 
0.03100 
0.86000 

0.00 150 
0.01380 
0.00250 
0.02380 
0.05840 
0.90000 

0.54 300 
0.43500 
0. O l M O O  
0.00400 

0.00300 
0.05200 
0.00400 

0.00700 
0.00200 
0.01300 
0.00200 
0.03400 
0.8 6300 

1.00000 

0.02aoo 

w 
P m 



I N O F X  R A O I f l N I I C L I n E  NO. CAXIMIJM ENEkGY 
(MFVJ 

71 NR97 1 0.302 0 
2 0.4140 
3 0.0610 
4 0.7830 
5 0.8130 
6 0. LO6 0 
7 1.2100 
8 1.2710 

77 MP.99 

7 V  TC99 

88 RII103 

97 RUlO6 

96 RH105 

9R R H l 0 6  

3 3 3  A G l l O M  

114 A G 1 1 1  

5 1 1  CD113M 

1 0.2330 
7 0.371 0 
3 0.4540 
4 0.704 0 
5 0 . 8 6 5 0  
6 1.2320 

1 0.2'120 

1 0.1020 
2 0.2160 
3 0.4570 
4 0.7120 

1 0.0394 

1 0.1240 
2 0.2480 
3 0.2610 
4 0.567 0 

1 0. $20 0 
2 1.5400 
3 1.8500 
4 l.YJ300 
5 2.4130 
6 3.030 0 
7 3.543 0 

1 0.0840 
2 0.5310 
3 1.46d0 

1 0.6870 
7 0.7840 
3 1.0310 

1 0.5aoo 

TABLE 3-1C (continued) 

I N T E h S I T Y  
1 F R A C T I E N I  

0.00060 
0.00170 
0.00180 
0.00040 
0.00070 
0.01100 
0.00090 
0.98290 

0.00100 
(J. 00 100 
0.18600 
0.00100 
0.01400 
0.80000 

1.00000 

0- 06200 
0.89000 
0.00200 
0.04000 

1.00000 

0.00040 
0.19500 
0.05400 
0.75060 

0.00100 
0.00400 
0.00100 
0.01 700 
0.10500 
0.08400 
0.78800 

J. 6 7800 
0.30900 
0.00200 

0.08000 
0.00900 
0.91000 

0.99400 

I NnEX 

125 

5 I 4  

127 

154 

161 

R A D I O N I I C L I D E  NO. PAXIMUW EivFRGY I N T E N S I T Y  
( F R AC 1 I ON 1 f M F V I  

C D 1 1 5 M  1 1.052 1 0.003PO 0.00930 
2 O.OF2 7 

0.00070 1 0,1462 
4 0.01 7CO 0.2383 

0.97COO 5 0.611 7 

I N 1  I 4  1 0.2230 0.00150 
2 G. 7602 0.97780 

I N 1  15M I O.OY5.2 0.00060 
2 0.2712 0.05500 

SNI 21  1 

CN175 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  

4 2 d  28177 

159 SR174 

162 SR125 

1.4200 

0.0800 
O.12GO 
0.161 0 
0.3600 
3.i)OJO 
0.4720 
0.556 0 
0.771 0 
0.Y450 
1.013Li 
1.2730 
1.2555 
2.030 0 
2.360 0 

1.00000 

0.00430 
0.00675 
0.00065 
0.02300 
0.04100 
0.06000 
0.00130 
0.00020 
0.00110 
0.00320 
0.02780 
0.00480 
0.00090 
0.82500 

1 0.7200 O.04CbO 
7 1.4060 0.62900 
1 1.Y720 0.29940 

1 
7 
3 
4 
5 
6 
7 
8 
9 

1 0  

0.1320 
0.2130 
0.4240 
0.6130 
0.6150 
L a 6 6 0  
0. 949 0 
1.5&10 
1.65d0 
7.30'40 

0.00400 
0.09 100 
0.00500 
0.5 1700 
0.00600 
0.04000 
0.00200 
0.05200 
0.02800 
0.23400 

1 0.094 0 0.13300 
2 0.1740 0.06000 
3 0.1300 0.18800 
4 0.Z410 0.02000 
5 . 0.3030 0.39600 

0.06500 6 0.455 0 
0.13600 7 0.621 0 

w 
P 
v 



TABLE 3-1C (continued) 

I N D F X  R A D I O N U C L I D E  NO. PAXIMUM ENERGY 
t MEV) 

168 S R l 2 7  1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  

0.203 1 
0.2576 
0.2907 
0.4260 
0.4394 
0.5040 
0.6566 
0.795 I 
0.797 3 
0.8173 
0.&953 
0.94Y 5 
1.1080 
1.2403 
1.4’32 7 

169 TE127H 

170 TF127 

176 TE129M 

177 T F 1 2 9  

I 0.0600 
2 0.7200 

1 0.2700 
2 0.6900 

1 0.1900 
2 0.5500 
3 0.750 0 
4 0.830 0 
5 0.8700 
6 0.9000 
7 1.6030 

1 n.2ooo 
2 0.2330 
3 0.3800 
4 0.6600 
5 0.9300 
6 1.0000 
7 1.2130 
8 l.4bOO 

INTENSITY 
( F R A C T I C N )  

0.00070 
0.00200 
0.00750 
0.00910 
0.0 1580 
0.05230 
0.01 260 
0.07850 

0.00070 
0.34530 
0.04380 
0.22220 
0.0 1740 
0.0 1960 

0.01300 
1.50000 

0.01000 
0.99000 

0.00 150 
0.00038 
0.00016 
0.00032 
0.00740 
0.03 100 
0.32500 

0.00010 
0.00040 
0.0 1030 
0.00240 
0.00260 
0.09300 
0.61000 
0.88 500 

0,17250 

INI-IEX 

185 

RAOIONUCLIDE NO. PPXIHUM EYERGY 
( M E V )  

TF131M 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  

186 TE131 

191 TE137 

3 7 5  1176 

178 1 1 2 s  

3AA 1130 

1R7 1111 

0.1800 
0.220 0 
0.280 0 
0.3450 
0.470 0 
0.5500 

0.6540 
0.8950 
1.1350 
1.3900 
1.6000 
1.0800 
2.4500 
0.4500 

0.8050 

1 0.7100 
7 0.7650 
3 0.7&40 
4 1.0220 
5 1.0600 
4 1.1100 
7 1.3300 
8 1.6100 

2.0600 9 

1 0.2150 

1 0.3850 
2 0.865 0 

1.2500 3 

1 0.1500 

1 0.6200 
2 1.0400 
3 1.7000 

1 0.2479 
2 0.3039 
3 0.333 9 
4 0.6063 
5 o.&ob& 

I NT EbS ITY 
( F R A C T I C N )  

0.00800 
0.01500 
0.02000 
0.01700 
0.34000 
0.18000 
0.03300 
0.00500 
0.0 1200 
0.01200 
0.02700 
0.00800 
0. 02 800 
0.06600 
0.04900 

0.01210 
0.01490 
0.01490 
0.00340 
0.10500 
0.02400 
0.00800 
0.19770 
0.62000 

1.00000 

0.05000 
0.29900 
0.09COO 

L.00000 

0.47800 
0.51800 
0.00400 

0.01900 
0.00600 
0.07000 
0.90200 
0.00700 

0 

P cn 



INOEX R A D  1IlNLJCLIT)F NO. PAXIHUH €NERGY INTENSITY 
i WEVI LFRACTICN) 

TABLE 3-1C (continued) 

197 1137 

19h 1133 

7on 1134 

207 1135 

706 1136 

198 XEi33 

704 XF135 

1 0.740 0 0.17000 
2 C.dSO0 0.00300 
3 0.9100 0.03600 
4 1.0000 0.14000 
5 1. I Y O O  0.22000 
6 1.r700 0.09COr) 

A 1.7600 0.02000 
9 2.1400 0.21000 

1 0.220 0 0.01000 
2 0.4200 0.01000 
3 0.5700 0.02000 
4 
S 1.2700 0.88000 

7 1.6200 0. i z a o o  

0.930 0 o.oaooo 

1 0.8000 
2 0.4000 
3 1.0530 
4 1.2500 
5 1.4900 
6 1.6600 
7 1.M100 
8 2.2100 
9 2.4100 

0.04000 
0.02 500 
0.01000 
0.2 3000 
0.15000 
0.07500 
0.09500 
0.12000 
0.25500 

1 0.4700 0.35000 
2 1.0000 0.40000 
3 1.4000 0.25COO 

1 2.7330 
2 3.2000 
3 3.430 0 
4 3.7700 
5 4.1600 
6 4.3700 
7 5.6000 
8 7.0000 

0.06000 
0.15000 
0.07000 
0.22000 
0.05COO 
0.24000 
0.15000 
0.06000 

1 0.7665 0.00600 
2 0.3460 0.99400 

I 0.0940 0.00 100 
2 0.1750 0.00100 
3 0.5480 0.02600 
4 0.7490 0.00500 
5 0.9070 0.96700 

lN0EX 

709 

IADIf lNl lCL ID€ NO. FAXIHUH ENEHGY INTENSITY 
( M E V )  ( FRAC 1 I ON I 

XF137 1 
7 
3 
4 
5 
6 
7 

9 
a 

1.5000 
2.2M00 
2.4300 
2.5600 
2.7700 
3.3700 
3.5003 
-3.6900 
4.350 0 

0.00600 
5.00200 
0.00 100 
0.00500 
0.00100 
0.00200 
0.00800 
0.30000 
0.70COO 

713 XEi38 

377 CS134 

705 C S 1 3 5  

7 0 7  C.5176 

210 t S 1 3 7  

214 CS138 

217 CSl39  

21R RA139 

1 0,400 0 0.04800 
2 0.7700 L 2 4 C 0 0  
3 7.4000 0 .1Y  700 
4 2.5000 0.14700 
5 7. do0 0 0.27000 

1 0.0920 0.24700 
2 0.4190 0.01 600 

0.73700 3 0.6620 

I 0.z100 1.30000 

1 0.342 0 0.9 1600 
2 0.4950 0.01900 
3 O.od20 0. 06500 

0.94 100 1 0.5120 
2 1.1740 0.05900 

1 1.4900 0.00500 
7 2.2500 0.19000 
3 2.3900 0.36000 
4 2.5300 0.0 5000 
5 7.6700 0.16000 
6 2.9400 0.12000 
7 3.4000 0.20500 

1 0.4700 0.00800 
2 0.790 0 0.0 1200 
3 1.1900 0.01700 
4 1.610lJ 0.00300 

6 2.6700 0.04200 
0.90000 7 4.1500 

1 0.q100 0.00500 
7 2.1700 0.27000 

0.72500 3 2.3400 

5 2.2400 o.oiaoo 

w 
I 
P 
rD 



TABLE 3-1C (continued) 

INnEX RADIfINUCL In€ NO. CAXlMUH FYERGY 
I H E V )  

721 R A 1 4 0  1 0.4680 
2 0.5820 
3 0.8860 
4 1.0050 
5 1.0190 

222 L A 1 4 0  1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.8690 
1.2220 
1.L470 
1.2530 
1.2880 
1.3050 
1.3570 
1.421 0 
1.6850 
2.1720 

727 CE141 

236 t E 1 4 3  

2.38 CF144 

737 PR143 

239 PR144 

94h ND147 

247 PH147 

1 0.4380 
2 0.5800 

1 0.041 0 
2 0.0580 
3 0.2790 
4 0.3760 
5 0.5020 
6 0.7100 
7 0.675 0 
8 O.OI40 
9 1.0930 

1 0  1.3~470 

1 O . l t t L 1  
2 0.2156 
3 0.2355 
4 0.3150 

1 0.9310 

1 0.8100 
2 2.3000 
3 2.9960 

1 o . 2 ~ ~ 6  
2 0.214 1 
3 0.3635 
4 0.405 2 
5 0.4840 
6 0.8034 
7 0.n9~5 

1 0.2246 

INTENSITY 
IFRACTION) 

0.24000 
0.10100 
0.02600 
0.46000 
0.17000 

0.00100 
0.00800 
0.10800 
0.05800 
0.01300 
0.05500 
0.45000 
0.05 100 
0.18000 
0.07000 

0.70600 
0.29400 

0.00020 
0.00050 
0.00600 
0.00100 
0.01700 
0.16000 
0.00 100 
0.00030 
0.52600 
0.28800 

0.19400 
0.00300 

0.76300 

1.00000 

0.0 1000 
0.0 1200 
0.97800 

0.02310 
0.00050 
0.15530 
0.00880 
0.00410 
0.80520 

0.04200 

0.00300 

1.00000 

INDEX RAnIONlJCLlOE NO. HAXlMUH ENERGY 
IHFV)  

406 PH148M 1 0.271 0 
2 0.3700 
-4 0.5590 
4 0.871 0 

407 PM148 1 1.000 0 
2 1.3040 
3 2.4650 
4 1.9150 

2 5 5  SMl5 l  

260 FLll54 

262 FU155 

764 FU156 

332 m i 6 7  

1 0.0544 
2 0.076 0 

I 0.2580 
2 0.31r)O 
3 0.332 0 
4 0.3610 
5 0.4180 
6 0.C470 
7 0.5800 
8 0.71+0 
9 0.7270 

1 0  0.8500 
11 0.9300 
1 2  0.982 0 
13 1.1020 
1 4  1.007 0 
1 5  1.8550 

1 0.1020 
0.1300 2 

4 0.1015 
3 0.1430 

5 0. i uao  
6 n.zc6c 

1 0.3000 
2 0.4800 
3 1.2100 
4 2.44lO 

1 O.YSt30 

I M E N S  I TY 
(FRACTICN) 

0.56000 
0.17000 
0.21700 
0.00700 

0.01250 0.38000 

0.49750 
0.11000 

0.01700 0.98300 

0.27960 
0.00690 
0.00130 
0.01350 
0.00080 
0.00230 
0.36600 
0.00680 
0.00250 
0.16850 
0.00110 
0.02 180 
0.00360 
0.00590 
0.12210 

0.00640 
0.02000 
0.51 770 
0.23580 
0.08610 
0.13000 

0.23000 
0.34000 
0.11000 
0 .3moo 

1.00000 

w 
VI 
0 



TABLE 3-1C (continued) 

I N O F X  RAl7InNUCLIPF NO. YAXlNUM FNEHGV 
( M F V )  

772 TRl6O 1 
2 
3 
4 
5 
6 
7 
8 
9 

11 
i n  

341 TAlR7, 

790 ~ 1 8 5  

791 W187 

2RR AU19R 

3 8 9  AU199 

3 0 1  HC.703 

300 11.204 

476 11208 

299 PR7lO 

n.3050 
0.4410 
0.4540 
0.461 0 
0.554 0 
0.5750 
0.6640 
0.7910 
0.d740 
1.5560 
1.7530 

I 0.2540 
7 0.320 0 
3 0.3b40 
4 0.434 0 
5 0.4760 
6 0.51d0 
7 0.5490 
8 0.5050 
9 1.4600 

1 0.4290 

1 0.4300 
2 0.4+00 
3 0.540 0 
4 0.620 0 
5 0.6600 
6 0.0900 

. 7  0.11000 
8 1.3130 

1 0.265 1 
2 0.961 0 

1 n. 251 o 
2 0.3020 
3 0.460 0 

1 0.211 0 

1 0.705 4 

1 1.0320 
.? 1.2640 
3 1.5180 
4 1.7950 

1 0.0145 
2 0.061 0 

I NT E NS I TY 
( FRACT f C N l  

0.00350 
0. 04430 
O.OC940 
0.09640 
0.0 3330 
0.44640 
0.00180 
0.06160 
J.25980 
0.00430 
0.03920 

0.2 8600 
0.02 100 
0.00200 
0.19900 
0.03000 
0.40100 
0.03100 
0.00900 
0.00240 

1.00000 

0.00500 
0.009CO 
0.05000 
0.70000 
0.01300 
0.07000 
0.00300 
0.15000 

0.01200 
0.98800 

0.23000 

0.07000 
0.70a00 

1.00000 

0.97500 

0.03800 
0.25000 
0.21000 
0.50000 

0.8 1000 
0.19000 

1 N n E X  

455 

515 

RAPlONllCl IDF N O .  P b X l M U M  ENERGY 
I M F V I  

PR214 

3 2 1  I31210 

457 R1712 

516 81714 

461 RA77fl 

465 At.728 

1 0.1600 
2 0.340 0 
3 0.5600 

1 0.2100 
7 0.5100 

4 0.7500 
5 0.7800 
6 0.490 0 
7 1.0400 

1 1.1600 

1 0.4500 
2 0.6300 
3 0.740 0 
4 0.9300 
5 1.5530 
6 2.2500 

1 0.1200 
2 0.2240 
3 0 . 5 O Y O  
4 0.5293 
5 0.756 0 
6 0.665 5 
7 O.Y.300 
8 1.0570 
9 1.1510 

10 1.2550 
1 1  1.2050 
1 2  1.5400 
1 3  1.11990 
1 4  2.6610 
1 5  3.2700 

0.04aO 

3 n . t ~ o o  

1 

1 c.4500 
2 0.*90 0 
3 0.6200 
4 O . Y Y O 0  
5 1.020 0 
6 I. 1200 
7 1.1730 
8 1.7600 
9 2.1000 

INTENSITY 
I F R A C T I C N )  

0.00500 
0.81000 
0.14000 

0.00500 
0.00700 
0.47000 
0.44COO 
0.00800 
0.0 1000 
0.06000 

1. O O C O O  

0.00800 

0.0 1300 
0.00100 
0.05COO 
0.54700 

0.00600 
5.03 100 
0.01900 
0.01900 
0.03800 

0.05900 
0.08500 
0.04700 
0.02500 
0.18000 
0.15000 
0.09000 
0.04000 
0.20000 

0.02 ion 

u.00300 

1.00000 

0.04900 
0.05600 
0.055GO 
0.07300 
0.04000 
0.06500 
0.03300 
0.02000 
0.01 300 
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TNDFX 

360 

3 6 1  

367 

36 3 

312 

364 

36 5 

3 7 1  

9 6 6  

94 3 

37 4 

RAnlnNlJCLInE NO. PbXIHIJY FNERGY 
( Y E V I  

c.11 1 0. V5Y 0 

N13 1 1.19t16 

n i s  1 1.7376 

F I R  1 0.6329 

NA27 1 0.543 Y 
2 l.MZ04 

HN5ZH 1 1.1000 
7 2.6300 

HN57 1 0.57CO 

FF57 1 O.dO4O 

c n 5 6  1 0,421 0 
7 0.5840 
3 1.4590 

t f l 5 8  1 0.4740 

t.1164 1 0.6540 

TABLE 3-1D 
EXREM 111 DATA BASE 

ENERGY AND I N T E N S I T Y  FOR EACH POSITRON 

INTENSITY 
(FRACTICNI 

0.99800 

0.99800 

0.99SOO 

0.96700 

0.90500 
0.00100 

0.01500 
0.92000 

0.27600 

0.56500 

0.01000 
0.00100 
0.23COO 

0.15000 

o.ia400 

1 N n F X  

335 

37 3 

495 

36 7 

373 

368 

369 

4 2 R  

374 

7 N 6 5  1 

G b h R  1 
2 

R R 8 0  1 

KR79 1 
7 

RRR4 1 
2 

Y87 1 
2 

Y88 1 

SR122 1 

1124 1 
2 
3 

375 1 1 2 6  1 
2 

CAXIHUH E Y E H G Y  
( Y F V I  

0.3310 

0.8200 
l.&YdO 

0. 866 i) 

0.345 0 
0.0060 

0.7b0 0 
1.6000 

0.300 0 
0.7800 

0.764 0 

0.59.30 

n.t)120 
1.5350 
2.13d0 

0.4650 
1.1300 

I hTENS I TY 
(FRACTICN) 

0.014GO 

0.01500 
0.86700 

0.02800 

0.00200 
0.07200 

0.11000 
0.10000 

0.00600 
0.01300 

0.00200 

0.00006 

0.00300 
0.11400 
0.11000 

0.00300 
0. OlGOO 

W 

ul 
W 



TABLE 3-1E 
EXREM 111 DATA BASE 

ENERGY AND I N T E N S I T Y  FOR EACH ELECTRON 

ENERGY 
I MEV) 

0.000 1 

0.0002 

0.000 3 

0.0004 

0.0005 

0.000 8 

1.7321 

0.001 4 
0.029 I 

0.0002 
0.002 1 

0.0024 
0.0026 
0.000 1 

0.0002 
0.002 7 

0.8944 
0.0040 
0.0004 

0.0004 
0.004 0 
0.1544 

INTENSITY 
4 FRACTION 1 

0.88000 

0.00200 

0.00200 

0.00100 

0.03100 

0.08500 

0.00 100 

0.05000 
0.05000 

0.00300 
0.00200 

0,68650 
0.11740 
1.68370 

0.L6000 
0.07000 

0.00015 
0.00015 
0.00039 

0.00300 
0.00200 
0.00200 

1.52000 
0.68000 

0.02400 
0.00600 
0.06800 
0.14300 
0.00 100 

1.04aoo 
0.46000 

1.49000 
0.65600 

1NI)EX RADrONUCLlOE NO. ENERGY 
I M E V l  

0.1585 
0.0052 
0.0058 
0.0006 
0.000 1 

0.0006 
0.0052 

0.000 7 
0.0056 

0.0007 
0.0056 
0.0073 
0.0136 
0.0143 
0.1150 
0.1213 
0.1293 
0.135 7 

0.000 7 
0.0050 

0.000 8 
0.006 1 
0.1506 
0.1574 
0.261 9 
0.4730 

O.OOOd 
0.006 5 

0.0009 
0.0070 

I NTENS IN 
t FR ACT1 ON) \ 

0.05800 
0.25800 
0.06100 
0.73400 
0.15500 

1.46400 
0.63000 

INDEX RADIONUCLlDE NO. 

3 0 2  EF7 

31x1 c i i  

3 6 1  N13 

367 fl15 

363 F I R  

3 1 2  NA77 

3 0 9  N A Z I  

376 MGZR 

1 

1 

1 

1 

1 

1 

1 

1 
2 

1 
7 

371 FF52 

9 0 7  FE55 

366 T.056 

342 C057 

1 
2 

1 
2 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1.12000 
0.47400 

2.57000 1.05000 

0.69700 
0.07700 
0.00900 
O.Ol800 
0.00200 
0.01400 
0.00200 

317 CL36 

510 A37 1 
2 
3 

w 
VI 
P 1.22000 

0.50000 
343 m 5 8  

390 N156 

1 
2 

379 K40 
1.43COO 
0.58500 
0.0 1200 
0.00200 
0.00100 
0.00100 

0.59000 
0.24000 

1.34000 
0.51600 

316 SC46 

3 R 1  SC47 
374 c u 4 4  

375 7N65 

350 7N6W 

1 
2 

104 CR51 1 
2 

0.000 5 
0.0044 

0.006 a 
0.0054 
0.000 5 
c.000 1 
0.376 5 

0.000 6 
0.004 tl 

0.0006 
0.004 8 

1 
2 

364  MN57M 0.42Y 3 
0 .437~ 
G.4383 
0.0075 
0.0085 
0.0095 
0.000 Y 
0.000 1 

0.04584 
0.00469 
0.00156 
0.02008 
0.00546 
0.00026 
0.06817 
0.14603 

365 MN57 

3 0 5  MN54 1 
2 



3-55 

0
0
0
0
0
0
0
 

0
0
0
0
0
0
0
 

I
-
N

u
l
r
(
-
d

d
 

0
0
0
0
0
0
0
 

0
0
0
0
0
0
0
 

G
d

d
d

d
d

d
 

m
o

s
s

 
N

N
4

O
 

c
c
o
-
 

0
0
0
0
 

0
0
0
0
 

d
d

d
d

 

,-m
m

w
 

U
Im

-0
 

o
f- 
0
0
 

0
0
0
0
 

m
9

o
o

 
..,. 

-
&

m
e

 

0
0

0
0

 
0
0
0
0
 

o
m

c
o

 
.... 

a
*

-
-

 
s
o
0
0
 

-
3
0
0
 

'm .+ m
 n

 rf '9
 ,n tc .+ 

N
 w

 
-
1

0
 0

 rf 9
 h

 n
 
d
 m 

r
(
 0

 
N

m
m

m
+

t
-

-
-

O
c

 
0
0
0
0
0
Q
0
0
0
0
0
 

0
0

0
0

0
0

0
0

0
0

0
 

........... 
-1 e3 

9
 0
 0
 Q

 4
 

-
4

Q
r

-
h

C
2

.
j
N

 
c

-
h

.O
.)

o
s

 
O
C
O
w
M
Q
h
 

....... 
0

0
0

0
0

0
0

 

w
m

 m
 o
 .t 7

 m
 N

 
z

n
6

~
a

~
m

-
c

 
-

m
m

-
d

-
o

s
 

0
0

0
0

0
0

0
0

 

d
d

d
d

d
d

d
d

 

w
m

 m
 o
 .t 7

 m
 N

 
z

n
6

~
a

~
m

-
c

 
-

m
m

-
d

-
o

s
 

0
0

0
0

0
0

0
0

 

d
d

d
d

d
d

d
d

 

b
O

m
Y

I
L

h
m

n
l

 
>

d
N

r
i

O
.

4
d

O
 

0
-
-
0

0
0

0
0

 

....... 
c

c
3

o
o

o
o

o
o

 
0

0
0

0
q

s
o

c
)
 

-r
\im

r
fu

ls
tc

 

0
 

U
 

U
 

U
 

h
i 

m
 

U
 

5
 

m
 

m a 
U
 

9
 

4
 

0
 

P
- 

4
 

a
)
 

a
 

K
 

52 
Y

 

m v
 

ff 

4
 
- 

0
0

0
0

0
0

0
0

0
0

0
 

0
0

0
0

0
0

0
0

0
0

0
 

N
O

I
-

O
~

~
-

~
V

C
O

O
 

n
m

 N
O
O
 o
 
r
(
 \f o

 m
 Q

 

0
0

0
0

0
 

0
0

0
0

0
 

4
r

r
o

l
n

m
 

0
0

0
-

m
 

tc
m

-
v

m
 

d
d

d
jd

 

0
0
 

0
0
 

0
0
 

0
0
 

0
0
 

r
(
d

 

.. 
0
0
0
0
0
0
0
 

0
0
0
0
0
0
0
 

O
O

D
W

O
N

~
O

 
t

c
s

*
d

o
o

m
 

m
4

0
0

0
0

0
 

d
0
0
0
0
0
0
 

....... 0
0
0
0
0
0
0
0
0
 

O
C

O
O

O
O

O
O

O
 

4
d

P
-
s

N
s

N
d

 
0
0
0
0
d
0
0
0
0
 

0
 0
 0
 0
 0
 0
 0

 0
 0
 

d
d

d
d

d
d

d
d

d
 

a
o
o
o
o
a
o
 

.?
j&

o
o

o
o

u
lr

(o
r
-s

 
........... 
0
9
 0
 0
0
0
 0
 0
0
 d

 m
 

....... 
0
0
0
0
0
0
~
 

In
 9
 N

 aII 0
 m

 0
 V, UI V' 

4
 

m
D

0
P

h
~

0
0

0
0

0
 

........... 
~

m
h

*
-

,
 h

n
w

a
a

 

c
o

o
o

-
N

o
0

o
o

3
 

c
o
c
o
o
c
o
o
o
o
o
 

ln
m

'm
 01.4 

c
m

3
0

0
 

0
0
0
0
0
 

0
0

0
0

0
 

4
9

9
9

9
 

m
 0
 

- .e 04 O
U

I 

0
0
 

.. ................ 
c
o
c
o
o
o
o
o
o
o
c
o
o
o
o
o
 

d
N

 

Q
l

J
.

 
I

-
I

-
 

v
:

u
 

a
s

 

m
 

a
 

9
 

0
 

lJ. C
 

LF 

I I 



TABLE 3-1E (continued] 

INTENSITY INDFX 
I FRACTION ) 

INDEX RADIONUCLIIE NO. 

11 KR83M 

25 KR85H 

31 KR87 

1 
2 
3 
i 
5 
6 
1 
8 
9 

1 
2 
3 
4 
5 
6 
1 
8 
9 

1 0  

1 
2 
3 

3 3  KRR8 1 
7 
3 
4 
5 
6 
7 

3 1 1  REA4 

41 RR90 

346 S R R S  

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 

ENERGY 
I YEV) 

0.0015 
0.007 4 
0.009 1 
0. OOY 3 
0.010 8 
0.0 17 7 
0.030 3 
0.031 8 
0.032 0 

0.0015 
0,001 7 
0.0108 
0.0114 
0.1358 
0.1489 
0.1507 
0.2902 
0.302 6 
0.3047 

0.001 7 
0.0114 
0.3875 

0.001 7 
0.0114 
0.0128 
0.0259 
0.027 7 

0.1809 

0.0109 
0.0124 
0.0139 
0,001 3 
0.0002 

0.4154 
O.R2Y 5 

0.012 1 
0.013b 
0.001 2 
0 .0003  

0.001 7 
0.0114 
0.4988 
0.511 9 

0.1508 

0. n 3 i  z 

1.62000 
0.11200 
0,12700 
0.04200 
0.08200 
0.24100 
0.6 1900 
0.10500 
0.03500 

0.07800 
0.03800 
0.02000 
0.0 1000 
0,03200 
0.00400 
0.00100 
0.06 100 
0.00900 
0.00100 

397 

368 

RAOlONlICLIDE NO. 

S R 8 7 M  1 
2 
3 

Y 8 1  1 
2 
3 
4 
5 

3 6 9  Y 8 8  

4 1  Y91R 

0.00200 
0.00 100 52 
0.00 200 

0.13500 
0.03500 56 
0.10300 
0.11 800 
0.00200 
0.00200 
0.00800 

0.17400 
0.05500 
0.00 500 

1.83000 6 9  

6 5  

0.83600 

0.00039 
0.00004 
0.0000 1 
0.00009 
0.00003 
0.00046 
0.00 102 

1.06000 
0.28100 
0.00600 
0.00100 

1 
2 

1 
2 
3 
4 
S 
6 
7 
8 

Y 92 1 
2 
3 

Y 9 3  1 
7 
3 
4 
5 

Z R 9 5  1 
7 
3 
4 

7R97 1 
2 
3 
4 
5 
6 
7 

6b NP95N 

6 7  NR95 

1 
2 
3 

1 
2 

ENERGY 
1 MEVt 

0.372 3 
0.3nt.2 
0.3618 o 

o.ooi a 
0.001 7 

0.0114 
0.012 1 
0.4674 

0.001 0 
0.0121 

0 .5340  
0.548 8 
1.5507 
0.012 7 
0.0146 
0.0154 
0.0016 
0.0003 

0.430 0 
0.001 7 
0.0003 

0.2490 
0.2647 
0.0134 
0,001 I 
0.0003 

0.002 1 
0.0160 
0.0752 
0.7379 

0.2353 
0.33a5 
0 . O l r t l  
0.01bZ 

0.001 7 
0.0004 

0.210 4 
0.232 7 
0.2349 

0.0023 
0.745 8 

o.oins 

I NTENS ITY 
(FR A C T  ION)  

0.15500 
0.02300 
0.00400 

0,00700 
1.20000 
0.00200 
0.30300 
0.00200 

1.03000 
0.25800 

0.04483 
0.00615 
0.0020 5 
0.00908 
0.00308 
0.00035 
0.05243 
0.11740 

0.00013 
0.00034 
0.00016 

0.00 100 
0.00012 
0.00019 
0.00115 
0.00259 

0.01400 
0.00300 
0.00 100 
0.00100 

0.00019 
0.00015 
0.00247 
0.00089 
0.00011 
0.01615 
0.03570 

0.58000 
0.11600 
0.03100 

0.00200 
0.00200 

W 
I 
VI 
QI 



TABLE 3-1E (cont inued)  

7 0  NR97M 1 
2 

7 1  NR97 

7 7  Hn9F 

7 8  T t 9 W  

8 8  RU103 

3 
4 
5 
6 
7 
8 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  

1 
2 
3 
4 

FNEHGY 
I M F V )  

0.7240 
0.740 5 
0.7.r2 6 
0.0140 
0.015 1 
0.01d3 
0.001 7 
0.0004 

0.637 Y. 
0.6553 
0.014 7 
0.0170 
0,001 8 
0.0004 

0.0016 
0.002 2 
0.0155 
0.0195 
0.0375 
0.040 0 
0.1195 
0.121 6 
0 . 1 3 7 5  

0.1400 
0.160 0 
0.1700 

0.001 7 
0.1195 
0.137 7 
0.140 1 
0.121 7 
0.13JY 
0. i42 3 
0.0155 
0.0173 
0.0202 
0.001 9 
0.000 4 

0.002 4 
0.049 7 
0.0170 
O.OLYY 

n. I ~ Y  6 

INTENSITY 
( F R  A C T  I CN ) 

0.01473 
0.00240 
O.rJOO80 
0.00257 
0.00091 
0.000 11 
0.0 1684 
9.03813 

0.00176 
0.00020 
0.00029 
0.000 10 
0.00191 
0.00433 

0.94000 
0.15800 
0.03200 
0.04400 
0.00500 
0.00200 
0.09300 
0.00600 
0.01200 
0.00200 
0.00200 
0.00800 
0.00100 

0.98600 
0.08 800 
0.01100 
0.00400 
0.01000 
0.00300 
0.00 100 

0.00600 
0.00100 
0.10600 
1.23000 

0.0 1500 

0.77900 
0.00 100 
0.02000 
0.00700 

INOFX RAnIDktlCLXflE NO. 

9 b  RHIO5 

98 RHlO6 

39R PD1C3 

89 R H ~ O ~ M  1 
7 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 
a 
9 

1 0  
1 1  

1 
7 

1 
2 
7 
4 
5 
6 
7 
8 
9 

10 
1 1  

FNEKGV 
I H F V I  

0.0165 

n. 0392 
0.U366 

0.0164 
0.0195 
0.002 I 
O.OOJ4 

0.0144 
0.0355 
0.281 9 
0.303 0 
0 . 2 9 ~ 9  
0.3100 
0.3168 
0.0177 
O.OL05 
0.002 3 
C . O O J 5  

0.002 5 
O.4d75 

n.015b 
0.03a 9 
0.039 5 
0. 0ZY 8 
0.0499 
0.0525 
0.015.Y 
0.091 6 
0.0222 

0.000 5 
0.002 1 

INTENSITY 
( F R A C  1 I ON 1 

0.09670 
0.67690 
0.22560 
0.01280 
0.00480 
0. 70890 
1.72460 

0.00129 
0.00014 
0.00085 
0.0001 1 
0.00248 
0.00034 
0.00011 
0.00058 
0.0 0 0 2 2 
0.00471 
0.0 1089 

0.00 100 
0.00100 

0.08400 
0.68600 
0.22900 
0.05900 
0.00800 
0.00300 
0.13400 
0.05 100 
0.00700 
1.66000 
3.90000 

W 
I 
ui 
v 



TABLE 3-1E (continued) 

INDEX 

3 3 3  

RAOIONUCL IO€ NO. 

AG 1 10H 1 
7 

114 A G l l l  

511 CD113M 

125 

394 

3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
7 1  
7 2  
23 
2 4  
2 5  

1 
7 
3 
4 
5 

1 
2 
3 
4 
5 
6 
7 

C7115M ' 1  
2 

lN113M 1 
7 
3 

ENERGY 
I H E V )  

0.0002 
0.003 1 
0.0908 
0.1128 
0.1158 
0.0185 
0.0214 
0,002 4 
0.0006 
0.420 1 
0.631 0 
0.6560 
0.657 1 

0.6602 
0.6799 
0.1372 
0.791 2 
0.8578 
0.9106 
1.3573 
0.0193 
0.022 4 
0.0025 
0.0006 

0.002 7 
0.01Y 3 
0.0696 
0.2192 
0.3153 

0.2433 
0.2663 
0.269 4 
0.0193 
0.0224 
0.002 5 
0.0006 

0.b508 

0.0026 
0.000 7 

0.36313 
0.307 5 
0.390 9 

I NTENSI TY 
I FRACT ICN) 

0.00 82 5 
0,00275 
0.00661 
0.80324 
0.00108 
0.00077 
0.00030 
0.0 16 18 
0.03907 
0.00025 
0.00245 
0.00033 
0.0001 1 
0.00034 
0.00016 
0.00032 
0.00040 
0.00010 
0.00C93 
0.00034 
0.00016 
0.00063 
0.00 025 
0.00553 
0.01289 

0.00300 
0.00 100 
0.00200 
0.00100 
0.00 100 

0.00241 
0.00 176 
0.00059 
0.00030 
0.00012 
0.00 366 
0.00880 

0.00018 
0.00041 

0.28900 
0.05600 
0.01 100 

INDEX 

42 7 

RAOlONUCLlOE YO. 

 IN^ 1414 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  

514 IN114 

127 1N115M 

393 SN113 

4 0 5  SN119M 

1 
2 
3 
4 
5 

1 
2 
3 

1 
2 
3 
4 
5 
6 
7 
R 
9 

1 0  

ENERGY 
I MEVI 

0.531 3 
0.0193 
0.0224 
0.0255 
0.002 5 
0.000 6 
0.163 7 
0.107 7 
0.1909 
0.020 1 
0.0234 
0.0266 
0.0026 
0.003 7 

0.01Y3 
0.022 4 
0.0255 
0.0025 
0.0006 

0.3077 
0.331 7 
0.3350 
0.020 1 
0.023 4 
0.0266 
0.0026 
0.000 7 

0.0020 
0.023 1 
0.2271 

0.0197 
0.073 1 
0.035 8 
0.0639 
0.0043 
0.0210 
0.0244 
0.0276 
0.002 7 
0.000 7 

INTENSITY 
IFRACTICN) 

0.00015 
0.00332 
0.00133 
0.00020 
0.02991 
0.0693 1 

0.33410 
0.08716 
0.03989 
0.01612 
0.00251 
0.6 273 3 
1.48520 

0.00 198 
0.00079 
0.00012 
0.01759 
0.04076 

0.43570 
0.08714 
0.02904 
0.04485 
0.01812 
0.00263 
0.44 766 
1.05470 

1.12400 
0.17000 
0.00 100 

0.63607 
0.21 181 
0.30617 
0.52037 
0.17328 
0.03364 
0.01379 
0.00217 
1.27260 
3.16230 

0.38756 



1 5 Y  SR124 

167 5 8 1 2 5  

1 
2 
3 
4 
5 
6 
7 

9 
1 0  
11 
1 2  
13 
1 4  
1 5  

1 
2 

a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  

FNFRGY 
( M E V I  

0.5342 
0.261 4 
0.5.952 
0.6542 
0.661 4 
0.022 7 
0.0264 
0.0302 
0.002 9 

0.0209 
0.0244 
0.027d 
0.002 7 
0,000 7 

0.0032 
0.5709 

0.0032 
0.003t2 
0.022 7 
0.033 5 
0.0344 
0.0775 
0.1013 
0.1.520 
0.1445 
0.171 3 
0.1753 
O.j%l 
0.431 7 
0 . 5 o Y O  

o.ooon 

TABLE 3-1E (continued) 

INTENSITY 
F R A C T I C N I  

0.00327 

0.00015 
0.00010 
0.0000 1 
0.00023 
0.00013 
0.00002 
0.0031 5 
0.00752 
0.0026 1 
0.00107 
O . O O C 1 7  
0.02547 
0.05958 

0.00300 
il.00400 

0. no045 

0.84000 
0.72000 
0.11 100 
0.09100 
0.01700 
0.12 100 
0.09 100 
0.02500 
0.00900 
0.00200 
0.00 100 
0.00300 
0.00 100 
0.00100 

I N D E X  

SR 127  1 
z 
3 
4 
5 
6 
7 
8 
9 

10 

396 TF123M 

163 TF125M 

169 TF127M 

11 
1 2  
13 
1 4  
1 5  
1 6  
1 7  
18 
1 9  
2 0  
2 1  
22  
7 3  

1 
7 
3 
4 
5 
6 
7 
8 
$ 

1 
z 
3 
4 
5 
6 
7 
8 

ENERGY 
( M E V )  

0.02YL 
0.0564 
0.0602 
0.12L 2 
0.1225 
0.1497 
0.1535 
0.2700 
0.2478 
0.2516 
0.2480 
O.275d 
0.2796 
0.2590 
0.26b2 
0.2930 
0.261 5 
0.7H.57 
0.022 7 
0.0264 

0.002 9 
0.000 8 

0.0032 
0.0227 0.05b6 

0.3835 
0.067 4 
0.0883 
0.1272 
0.i54 1 
0.158 1 

0.003 2 
0.0016 
0.002 7 
0.0305 
0.0344 
0.077 5 
0. IO43 
0.10d3 

0.0569 
0.0841 
0.0879 
0.0227 
0.0104 
0.0302 
0.0029 
0.000 8 

n.0332 

INTENSITY 
( F R A C T  I C N )  

0.03573 
0.00576 
u.00175 
LO0004  
0.00029 
O.OOC07 
0.00002 
0.00362 
0.00047 
0.00016 
0.00023 
0.00004 . 
0.00001 
0.00061 
0. O O O O R  
0.00003 
O . O O C 0 9  
0.0000 2 
0.00392 
0.00165 
0.00027 
0.04 136 
0.09855 

0.86500 
0.07500 
0.43C00 
0.44500 
0.10200 
0.02200 
0.14200 
0. OlSOO 
0.00400 

1.50000 
0.8 1000 
0.17400 
0.10400 
0.01800 
0.50800 
0.38200 
0.lOROO 

0.35433 
0.47245 
0.15747 
0.03115 
0.01315 
0.00212 
0.70027 
1.72 160 

w 
ul 
10 



TABLE 3-1E (continued) 

rNOEX RADTONUCLIOE NO. 

170 TF127 

176 TF129H 

177 TF129 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11  
1 2  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11  

ENERGY 
(nEv)  

0.0244 
0.052 8 
0.3848 
0.003 1 
0.0009 

0.0737 
0.1009 
0.104 7 
0.022 7 
0.0264 
0.0302 
0.0029 
0.000 8 
0.0230 
0.0259 
0.003 1 
0.0009 

0.0250 
0.0269 
0.175b 
0.2175 
0.2453 
0.4254 
0.4548 
0.4542 
0.0236 
0.0031 
0.0009 

INTENSITY 
( F R A C T I G N )  

0.00083 
0.00010 
0.00011 
0.00096 
0.00230 

0.31177 
0.24060 
0.08019 
0.02741 
0.01157 
0.00187 
0.46312 
1.12830 
0.00099 
0.00033 
O.qOO99 
0.00249 

0.60612 
0.20202 
0.00017 
0.00021 
0.00023 
0.00083 
0.00011 
0.00014 
0.00014 
0.52825 
1.33850 

INOFX RADlONUCLlOE 

185 TF131M 

186 T f 1 3 1  

395 1173 

N 0. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11  
1 2  
1 3  
1 4  
1 5  
16  
1 7  
1 8  
19 
2 0  
2 1  
22 
2 3  
2 4  
2 5  
2 6  
2 7  

2 9  
3 0  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  

2 a  

1 
2 
3 
4 
5 

E NERCY 
( M E V )  

0.0477 
0.0761 
0.0800 
0.0691 
0.0975 
0.1014 
0.1105 
0.1449 
0.1489 
0.16I5 
0.1959 

0.2358 
0.3013 
0.32Y 7 
0.333 6 
0.4195 
0.740 5 
0.7699 
0.4189 
0.023 0 

0.0275 
0.031 4 

0.0009 
0.145 9 
0.1800 
0.0230 
0.0029 
0.0010 

0.2074 

n.003 1 

o . i i>a  
0.1452 
0.149 1 
0 , 3 0 9 8  
0.350& 
0.419 8 
0.4482 
0.4558 
0.0236 
0.0275 
0.031 4 
0.003 1 
0.0009 

0.0032 
0.022 7 
0.1272 
0.1541 
0.1581 

I N T E N S I T Y  
IFRACTICN)  

0.05669 
0.0059 7 
0.00199 
0.05871 
0.00605 
0.0020'2 
0.00725 
0.00092 
0.0003 1 
0.00224 
0.00028 
0.000 18 
0.00020 
0.00250 
0.00030 
0.00010 
0.0001 1 
0.00073 
0.00014 
0.00047 
0.0 1076 
0.0046 1 
0.00075 
0.11 529 
0.27540 
0.10991 
0.06 300 
0.01510 
0.13090 
0.31600 

0.14231 
0.0 1801 
0.00600 
0.00016 
0.00012 
0.00223 
0.00023 
0.00035 
0.01212 
0.00520 
0.00085 
0.13230 
0.31639 

0.92 800 
0.13200 
0.14100 
0.01900 
0.00400 

w 
1 
0, 
0 



I N n F X  R A n l n N U t L l n F  NO. 

3 7 4  1124 1 
2 
3 

399 1125 

3 7 5  1126 

17R 1129 

3 8 R  1 1 3 0  

1 
7 
3 
4 
5 
6 
7 
A 

1 
7 
7 
4 
5 
6 
7 
R 
9 

1 0  
1 1  

1 
2 
3 
4 
5 
6 
7 
8 

1 
2 
3 
4 
5 
6 
7 
A 
9 

10 
1 1  

FNFKGY 
I PFVJ 

0.0032 
0 - 3 ~ 2 7  
0.2704 

0.003 7 
0.030 4 
0.034 I 
0.022 7 
0.020 4 
0.030 2 
0.002 Y 
0.000 8 

0.033L 
0.022 7 
0.0204 
0.0302 
0.002’3 
0.0038 
0.3514 
O.3bOY 
0.024 5 
0.2032 
0.003Y 

0.005 0 
0.0345 
0.03Mb 
0.02+5 
O - 3 2 d b  
0.552 7 
0.0032 
0.000 9 

0.3044 
0.4130 
0.503 3 
0.533 0 
0.634 4 
0.66%9 
0.708 5 
0.0245 
0.0286 
0.0032 
0.0009 

TABLE 3-1E 

I NT ENS 1 TY 
( F R A C T I C N I  

0.6 1000 
0.08700 
0.00300 

0.74600 
0.10700 
0.08@00 
0.13700 
0.05800 
0,00900 
1.49000 
3.59000 

5.00100 
0.04200 
0.01800 
0.00300 
0.44COO 
1.04000 
0.00600 
I). 00 1 G O  
0.00 100 
0.00500 
0.01200 

0.84833 
0.0;1483 
0,02827 
0.06761 
0.02934 

0.74231 
1.78210 

0.00500 
0.00100 
0.00600 
0.00100 
0.00300 
0.00100 
0.00200 
0.00100 
0.00 100 
0.01500 
0.03500 

0.004a5 

(continued) 

INDEX RADlnNI IC I . lDE Nfl .  

187 1131 1 
‘ 2  

3 
4 
5 
6 
7 
8 
4 

10 
11  
1 2  

192 1 1 3 7  

700 1134 

706 1136  

1 
2 
3 
4 
5 
h 
7 
R 
9 

10 
1 1  
1 2  
1 3  
14 

1 
2 
3 
4 
5 
6 
7 
R 

E r i  F K(. r 
I W E V )  

0 . 0 ~ 3 ~  
0.0296 
0.04> 6 
0.074 7 
0.b790 
0.1294 
0.15db 
0.1076 
0.?437 
0.429 9 
0.35Y 0 
0.303 3 

0.003 3 
0.010 5 
0 .0236  
0.0493 

0. 07tl6 
0. 5a3 1 
0,1651 
rl.1111 

o.04a0 

0.223 0.193 0 0 

5.227 1 
0.033 1 
0.7360 

0.~1134 
0. d42 9 
0.M554 
O.dS4Y 

0.0266 
C. 003 2 
0.0009 

0.1655 
0 . l Y S Y  
0.199 1 
1.2854 
1.2a54 
O.OCC4 
0.02d6 
0.5032 

0.024 5 

9 0.0009 

I N T E Y S I T Y  
( F R A C T I O N )  

0.053GO 
0.00 700 
0.03005 
0,00400 
0. rlo100 
0.038OC 
0.00 400 
0.00200 
0.00200 
0.01 500 
0.00200 
0.00 100 

0.75000 
0.730O0 
0.10000 
0.10100 
0.03000 
0.00900 
0.00900 
0.00200 
0.00200 
0.06400 
0.01200 
0.00400 
0.00400 
0.00200 

0.00 192 
0.00026 
0.00119 
0.00016 
O.OC025 
0.00011 
0.00283 
0.0068 1 

0.01 102 
0.00146 
0.00048 
0.00055 
0.00025 
0.00103 
0.00045 
0.0 1068 
0.02588 
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INOFX RAnlflNUtCIDF NO. 

400 RA133 1 
2 

7 1 1  RA137H 

218 RA119 

3 

5 
6 
7 
R 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
7 0  
2 1  
2 2  

1 
7 
3 
4 
5 

1 
2 
3 
4 
5 
6 
7 
8 

! 4  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  

m 

ENERGY 
( M F V )  

0. O l d  0 
0.04d7 
0.053 0 

0.0742 
0.07d 5 
0. d45 0 
0.075 7 
0.0d00 
3.1750 
0.1557 
0.240 0 
0.2a60 
0.29b 7 
0.320 0 
0.3507 
0.546 0 
0.0754 
0.029 I 
0.0340 
0.003 3 
0.001 0 

0.0017 
0.0254 
0.0242 
0.655 7 
0.6604 

0.1269 
0.1630 
O.la4 7 
0.0273 
0.032 0 
0.0307 
0.0036 
0.001 I 

0.003 A 
0.0016 
0.0125 
0.0130 
0.023 7 
0.0274 

0.0297 
0.093U 
0.1240 
0.1566 
0.2659 
0.498 5 

r1.0435 

0.0286 

TABLE 3-1E (continued) 

I NTFNSITY lNnFX RADlnNUtl In€ NO. 
(FRACTICN) 

0.08100 
0.01 100 
0.00400 
0.09200 
0.01200 
0.00400 
0.4 7 200 
0.07400 
0.02500 
0.00500 
0.00 100 
0.00200 
0.00600 
0. O O l C O  
0.01200 
0.00 l G 9  
0.00100 
0.09500 
0.04200 
0.00700 
1.35000 
0.32600 

0.07100 
0.00900 
0.07800 
0.01400 
0.00300 

0.04750 
0.00485 
0.00 162 
0.00345 
0.00156 
O.OOC26 
0.03590 
0.09774 

0.98000 
0.55000 
0.11 200 
0.060GO 
0.60200 
I). 00 100 
0.12600 
0.06300 
0.00300 
0.00600 
0.00 100 
0.00300 
0.00300 

727 CF141 

73h Cf143 

777 I A140 1 
2 
1 
4 
5 
6 
7 
8 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
16 
1 7  
1 8  
1 9  
7 0  

ENFHLY 
I HFV)  

0.0039 
0.i)lt)O 
O.OZd4 
0.07d5 
0.06Y 0 
9.0907 
O.Zbd> 
0.4466 

G. 004 1 
0.02Y4 
0.1035 
0.1366 
0.1439 

O.Jl>* 
0.051 1 
0.05b2 

0.1bY7 
0.2254 
0.230 5 
0.251 5 
0.2670 
0.292 1 
0. j o t ,  7 
0.3444 
0.4405 
0.622 0 
0.7300 
0.0293 
0.0344 
0.0395 
0.0039 
0.001 2 

0. o w  o 

A NTENS I T Y  
(FRACTICN) 

0.01500 
0.00300 
0.00200 
0.00200 
U. 00200 
0.00200 
0.00700 
0.00400 

0.15700 
0.01800 
0.18400 
0.02500 
0.00700 

0.64588 
0.08749 
0.02916 
0.00040 
0.00274 
0.00034 
0.00011 
0.03 193 
0.00523 
0.00174 
0.00093 
0.00017 
0.30027 
0.00037 
0.0002 1 
0.04 255 
0.01962 
0.00339 
0.58168 
1,43390 

W 
I m 
W 



TABLE 3-1 E (continued) 

INDEX RAOIflNUCLIDE NO. 

230 CE144 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
14 
1 5  
1 6  
1 7  
1 8  

1 
2 
3 
4 
5 
6 
7 
R 
9 

10 
11 
1 2  
13 
1 4  
1 5  
1 6  
1 7  
1 8  
19 
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  

ENERGY 
( M E V )  

0.0061 
0.0294 
0.0114 
0.0170 
0.026 7 
0.0303 
0.034 1 
0,03d 1 
0.0394 
0.0466 
0.052 2 
0.057 5 
0.0580 
0.073 3 
0.0786 
0.0915 
0.1270 
0.132 0 

0.033 6 
0.071 9 
0.071 1 
0.0459 
0.0842 
0.089 7 
0.1140 
0.109 7 
0.1480 
0.1514 
0.1900 
0.2302 
0.26’40 
0.2742 
0.3130 
0.353 0 
0.392 0 
0.3653 
0.394 7 
0.436 0 
0.446 1 
0.485 8 
0.5250 
0.5496 
0.6407 
0.031 4 
0.036 9 
0.042 S 
0.0042 
0.001 4 

I N T E N S I T Y  
(FRACTIGNI 

0.10300 
0.01000 
0.00900 
0.00400 
0.00900 
0.00200 
0.00800 
0.03300 
0.00200 
0.00100 
0.00600 
0.00200 
0.00100 
0.00500 
0.00 100 
0.05300 
0.00700 
0.00200 

0.00027 
0.00031 
0.00019 
0.47912 
0.07030 
0.02690 
0.00069 
0.00008 
0.00001 
0.00037 
0.00007 
0.00072 
0.00013 
0.00101 
0.00020 
0.00026 
0.00005 
0.00003 
0.00024 
0.00005 
0.00002 
0.00170 
0.00033 
0.00002 
0.00006 
0.02759 
0.01023 
0.00228 
0.40937 
1.02010 

INOEX 

406 

RADIONUCLIOE NO. 

PM148M 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
16 
1 7  
1 8  
19 
2 0  
2 1  
22  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  

407 PU14R 

755 S H l 5 l  

1 
2 
3 
4 
5 
6 
7 
R 
9 

1 0  
1 1  
1 2  
1 3  

1 
2 
3 
4 

ENERGV 
( M E V )  

0.0517 
0.092 0 
0.1500 
0.2500 
0.2644 
0.3073 
0.385 9 
0.4255 
0.4543 
0.4939 
0.5033 
0.542 9 
0.552 7 
0.5643 
0.590 0 
0.6900 
0.870 0 
0. YO0 0 
0.0325 
0.0330 
0.0043 
0.001 4 
0,0163 
0.0560 
0.0305 
OI07O0 
0.032 0 
0.042 5 
010042 
0.0014 

0.5033 
0.542 Y 
0.548 7 
0.5643 
0.868 1 
0.907 7 
1.41 Y3 
1.4579 
0.032 5 
0.0382 
0.0440 
0.0043 
0.001 4 

0.0141 0.520 1 

0.004 5 
0.001 5 

I NT ENS1 TY 
4 FRACTION I 

0.05435 
0.01049 
0.00330 
0.00110 
0.00053 
0.00125 
0.00084 
0.00021 
0.00025 
0.00004 
0.00782 
0.00176 
0.00036 
0.00015 
0.00645 
0.00166 
0.00057 
0.00049 
0.00456 
0.00257 
0.07036 
0.17635 
0.00012 
0.04587 
0.03007 
0.00574 
0.00261 
0.00014 
0.05344 
0.13694 

0.00215 
0.00036 
0,00012 
0.00003 
0.00015 
0.00002 
0.00011 
0.00001 
0.00013 
0.00006 
0.0000 1 
0.00205 
0.00515 

0.01229 
0.00410 
0.00993 
0.0263 1 

W 

rn 
P 



TABLE 3-1E Ccontinued] 

INDEX RAnlnNUCLIOE NO. 

7 6 0  ~ 1 1 1 5 4  1 
2 
3 
4 
5 
6 
7 
A 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 7  
2 3  
7 4  
2 5  
2 h  
2 7  
2 8  
7 9  
3 0  

ENFHCTY 
( M E V )  

0.072 Y 
0.1150 

0.1183 

1.2242 
0.1978 
0.240 3 
0.2465 
0.271 8 
0.954 5 
0.594 2 
0,4306 
0.42d0 
0.5073 
0.531 8 
0.541 5 
0.5750 

0.642 2 
0.672 1 
0.7006 
0.795 1 
0.d22Y 
0.946 1 
0.034 7 
0.040 Y 
0.0471 
0.004 1 
0.001 5 

0.095d 

0.13.30 

0. a50 0 

I NT E N S 1  TY 
f F R A C T I O N )  

0.26147 
0.23010 
0.00014 
0.00002 
0.00012 
0.00026 
0.00588 
0.00150 
0 .00050  
0.0000 3 
0.00042 
0.00008 
0. 0 0 0 0 2  
0.00005 
0.00002 
0.00002 
0.00032 
0.00003 
0.00070 
0.000 10 
0.00038 
0.00022 
0.00005 
0.00043 
0.00025 
0.0 1 3 4 0  
0.0065 7 
0.00657 
0.32664 
0.84056 

INnFX R A D I n N U C L l O F  NO. 

2 6 2  El l155 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 1  
1 2  
13 
14 
1 5  
1 6  
17 
1 8  
1 9  
7 0  
2 1  
2 2  
7 3  
? 4  
2 5  
2 6  
2 7  
2 8  
2 9  

i n  

30 

332 GO162 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  

ENFKGY 
t M E V I  

O.dO2 b 

0.0110 
0.0172 
0.0133 
0.0195 
O.Old7 
0.0250 
0.0236 
0.J29Y 
0.0375 
0.043 t3 
5.0071 
0.0502 
0.5100 
0.0530 
0.0356 
O.dO00 
0.036 3 
0.07b 6 
O.OMS0 
0.052 1 
0.0575 
0.1038 
O.OY5 M 
0.1363 
0.0347 
0.042 0 
0.504 7 
0.001 5 

0.0307 
0.0372 
0.3508 
0.394 7 
0.401 2 
0.369 6 

0.4400 
0.03s 8 
0.042 3 

0.0044 
0.0016 

o.ooa9 

0.4335 

0.048 8 

1 NTE NS I TY 
I FRACT I C N )  

0.00580 
0.00326 
0.16654 
0.05551 
0.00982 
0.00327 
0.00510 
0.00170 
0.00392 
0.00 1 3  1 
0.00471 
3.00157 
0.00074 
0.00016 
0.08637 
0.02523 
0.00349 
0.00068 
0.1182 1 
0.01849 
0.00616 
0.04690 
0.00713 
0 .00238  
0.00022 
0. OOOlS 
0.01267 
0.00730 
0.37378 
3.96765 

0.29831 
0.09943 
0.00319 
0.00044 
0.00015 
0.00297 
0.00041 
0.00014 
0.00029 
0.00014 
0.00003 
0.24235 
0.64764 



TABLE 3-1E [continuedl 

INDEX RAOlONUCLlOE NO. 

272 TI3160 I 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
21  
22  
23 
24  
25 
2 6  
27  
2 8  
2 9  
3 0  

E NERCY 
(HEV)  

0.033 0 
0.080 0 
0.000 8 
0.086 0 
0.1432 
0.190 0 

0.7100 
0.1768 
0.244 8 
0.291 0 
0.2558 
0.3012 
0.790 0 
0.339 0 
0.384 1 
0.6285 
0.720 0 
0.8250 
0.d710 
0.9100 
0.960 0 
I.Obl3 
1.1300 
1.2230 
0.0370 
0.043 7 
0.0504 
0.3051 
0.0017 

0.1b19 

I N T E N S I T Y  
4 FRAC 1 I O N )  

0.20507 

0.04013 
0.00016 
0.00812 
0.00426 
0.00125 
0.00024 
0.00002 
0.00379 
0.0007 2 
0.00011 
0.00002 
0.00005 
0.0001 1 
0.0000 1 
0.00005 
0.000 13 
0.00097 
0.00020 
0.00092 
0.00020 
0.00001 
0.00016 
0.00007 
0.0 1005 
0.00503 
0.00088 
0.40248 
1.05860 

0.42050 

I N O F X  

341 

RAOIflNUCLIOE NO. 

TA1 R7 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
7 2  
73 
7 4  
2 5  
26 
27 
2 8  
29 
30 

ENFRGY 
( H E V )  

0.032 0 
0.0550 
0.0570 
0.0152 
0.0740 
0.0306 
0.0900 
0.0440 
0, A020 
0 . 0 4 6 Y  
0.1022 
0.0829 
0.1430 
0.0859 
0.1500 
0.1OY’) 
0.1700 
0.1289 
0.1900 
O.lZ26 
0.2100 
0.1598 
0.2200 
0. I Y 4 6  
0.252Y 
1.0600 
1.1500 
1.1800 
0.0500 
0.003 0 

I N T E N S I l Y  
( F R A C T I C N I  

0.00173 
0.08700 
0.07050 
0.01570 

0.11970 
0.43000 
0.04900 
0.01400 
0.00 100 
0.00017 
0.00717 

0.00271 
0.00060 
0.01911 
0.00650 
0.00265 
0.0023 1 
0.00 29 3 
0.00063 
0.00392 
0.00283 
0.00256 
0.00141 
0.00 190 
0.00081 
0.0 0 044 
0. 02080 
2.60500 

0.05500 

00 00160 

W 
I m m 



TABLE 3-1E (continued) 

I N n F X  R O n l n N i J C L I n E  NO. 

2 9 1  W187 

370 AlJl95H 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 
2 1  
1 2  
2 3  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
13 
1 4  
15 
1 6  
1 7  

ENFHGY 
( M F V I  

0.0001, 
0.5h04 
0.0696 

0.095 0 
0.1042 
0.0420 
0 , A O L  1 
0.1114 
0.067 5 
0.122 6 
0.131 Y 
0.1345 
0.1966 
0.203 9 
0.1674 
0.227 5 
0.1749 
0.4061 
0.4632 
0,4774 
0.440 8 
0.4bOO 

0.034 9 

n. 0 4 3  3 

0.05813 

0.053 Y 
0.0482 

0.11Y 3 
0.1867 
0.1473 
0.1503 
0.2477 
0.25d6 
0.2373 
0.3047 
0.0560 
O - O b C b  
0.0752 
0.007 9 
n. 002 7 

I NT E NS I TY 
(FRACT I C N )  

0.10682 
0.01602 
0.00534 
0.00688 
0.00 140 
0.00047 

0.00035 
0.00012 
0.15273 
0.03182 
0.01061 
0.00148 
0.00043 
0.00014 
0.00068 
0.0001 1 
0.00033 
0.00373 
0.00089 
0.00030 
0.00024 
0.00028 

0.74700 
0.24700 
0.01400 
0.00500 
0.00300 
0.00200 
0.00800 
0.24000 
0.04500 
0.01500 
0.00200 
0.00 100 
0.00600 
0.00400 
0.00 100 
0.63600 
0.19600 

a. 002134 

l N O F X  

7 7 9  All1 95 1 
7 
3 
4 
5 
6 .  
7 
8 
9 

1 0  
11 
1 2  
1 3  

7 8 8  AU19A 

389 AU199 

397 m i 9 7  

301 HGZ03 

300  TL 704 

1 
z 
3 
4 
5 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 

E NEKGY 
( M E V I  

0.0180 
0.01l3, 
0.0204 
0. Obi 9 
O.dYa7 

0.1lYb 
0.127 1 
0.052 6 
0.062 8 
0.073 1 
0,0076 
0.0026 

0.007 6 

0.32~17 
0.3970 
0.4062 

0.535 0 
0.34l8 
0.0733 
0.1446 
0.1>55 
0.113 1 
0.1944 
0.2034 
0.0535 
0.0665 
0.008 1 
0.002 6 

0.0074 
0.0524 
0.0630 
0.0739 
O * l l i ) 8  
0.177 1 

O.OO7d 
0.055 2 
0.1936 

0.2755 

0.9076 
0 .0536  

n . 0 5 ~  3 

0.053 tl 

0.763 n 

INTENSITY 
(FRACTICN) 

0.20200 
0.06700 

0.12 100 
0.04000 
0.00400 
3.00700 
0.00300 
0.02YOO 
0.01900 
0.00300 
1.16000 
3 . 2 5 C O O  

0.02 100 
0.00 100 
0.02 900 
0.01 100 
0.00300 

0.02700 
0.01000 
0.09900 
0.18300 
0.06100 
0.07500 
0.01400 
0.00400 
0.00400 
0.00300 
0.22800 
0.70000 

0.90100 
0.03200 
0.61 800 
0.19000 
0.00500 
0.00100 

0. nqsoo 

0.09000 
0.00500 
0.13300 
0.04000 
0.01200 

0.01300 
0.00 100 

W 
I 
ol 
U 



I 

lNOEX RADIClNllCLIDE NO. 

476 T L 7 0 8  1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
16  
1 7  
18 
1 9  
2 0  

799 P R 2 1 0  

455 PI3212 

1 
2 
3 
4 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11  
1 2  
1 3  
1 4  
1 5  
16  

E NEHGY 
I H E V )  

0.1450 
0.1650 
0.1891 
0.2b23 
0.2739 
0.422 8 
0.4963 
0.5079 
0.4950 
0.5683 
0.5799 
0.075 1 
0.771 0 
0.848 2 
2.541tl 
0.0585 
0.071 7 
0.0086 
0.003 1 
0.2343 

0.031 J 
0.043 3 
0.008 9 
0.0052 

0.0245 
0.099 8 
0.1118 
O.Oa65  
0.1648 
0. ira I 
0.2234 
0.2354 
0.2095 
0.2648 
0.2Y6 8 
0.060 1 
0.072 1 
0.0842 
0. OOM 9 
0.0032 

TABLE 3-1E (continued) 

I N T E N S I T Y  
F RACT I ON1 

0.00 100 
0.00200 
0.02400 
0.00500 
0.00200 
0.0 1700 
0.00 300 
0.00 100 
0.01300 
0.00400 
0.00100 
0.00 100 
0.00300 
0.00100 
0.00200 
0.00200 
0.00 100 
0.03800 
0.11 900 
0.00100 

0.5 7 724 
0.19239 
0.34346 
1.11310 

0.03100 
0.00600 
0.00200 
0.00400 
0.00100 
0.29400 
0.05000 
0.0 1700 
0.01300 
0.00300 
0.00100 
0.00900 
0.00500 
0.00100 
0.19800 
0.61600 

TNDEX 

515 

RADIONUCLIDE NO. 

PR7 I4 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
15 
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
7 7  

457 R1712 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 

E NERCV 
I M E V )  

0.050 0.038 0 0 

0.1155 
0.151 4 
0.226 7 
0.73M 7 
0.16M4 
0.243 7 
0.255 7 
0.2047 
0.?800 
0.2920 
0.261 3 
0.3368 
0.348 8 
0.3905 
0.465 & 
0.060 1 
0.072 1 
O.OU42 

0.003 2 

0.025 7 
0.0370 
0.201 3 

0.00M4 
0.0030 
0.6338 
1.7068 
0.009 2 
0.0033 
0.2993 
0.75u 7 

0. ooa 9 

I N T E N S I T Y  
( F R A C 1 I ON b 

0.11131 
0.03710 
0.00067 
0.04932 
0.00930 
0.00310 
0.00224 
0.00040 
0.00013 
0.07995 
0.01438 
0.00479 

0.01569 
0.00523 
0.00066 
0.00012 
0.00566 
0.00333 
0.00053 
0.19490 
0.61650 

0.18 800 
0.06300 
0.00100 
0.11600 
0.36900 
0.00 100 
0.00100 
0.00 100 
0.00400 
0.00 100 
0.00 100 

0.08866 

W 
I m ca 



TABLE 3-1E (continued) 

’516 R1714 1 
7 
3 
4 
5 
6 
7 
A 
9 

10  
11 
1 2  
1 3  
1 4  
1 5  
16 
1 7  
1 A  
19 
3 0  
2 1  
22 
2 3  
2 4  
7 5  
7 6  
2 7  
2 8  
2 9  
3 0  

460 RA224 

4 6 1  RA22R 

463 A C 7 2 R  

1 
2 
3 
4 
5 

1 
7 
3 
4 
5 
6 

FNEkGV 
L W F V )  

n. ~ A J  1 
0.2574 
0.264Y 

0.5’93 6 
0.006 1 
0.6 10 1 
0.6874 
0 . 6 3 Y Y  
0.0278 
0 .0756  
0.722 9 
0 . 6 Y S  0 
0.7132 
0.841 7 
1.0273 
1.1076 
1.0623 
1. 1432 
1.285 1 
1.3149 
1.322a 
1.4029 
1.4162 
1.5619 
1.721 3 
2.111 1 
0.006 2 
0.009 1 
0.0033 

0.14O 7 
0.2242 
0.2315 
0.009 7 
0.0035 

0.087 3 
0.1bdY 
O.l&.?L 
0.064 8 
0.0097 
0.0035 

0.0354 

0.001 7 
0.001 0 
0.001 b 
0.0403 
0.013 7 

0.31bj 

I NTEN S I TY 
(FRACTIONJ 

0.00147 
0.00 156 
0.30052 
0.00615 
0.00182 
O . O O C 6 1  
0.00057 
0.00032 
0.0001 1 
0.00015 
0.00061 
0.00015 
0.00010 
0. 000lZ 
0.00053 
0.00187 
0.00041 
0.00025 
0.00059 
0.00015 
0.00017 
0.00320 
0.00081 
0.00022 
0.00021 
0.00173 
0.00015 
0.00068 
0.0 12 17 
0.03833 

0.00500 
0.00600 
0.00 200 
0.00500 
0.01700 

0.00731 
0.00962 
0.00385 
0.00016 
0.00883 
2.94800 

1.00000 

0.07150 
0.08653 
0.01016 
0.00110 
0.00040 

355 TH730 

465 TH731 

349 T h 2 3 2  

3 5 6  ~ ~ 7 3 4  

357 TH77R I 
7 
3 
4 
5 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
16 
1 7  
1 8  
1 9  
2 0  

1 
2 
3 
4 

1 
7 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  

F V F A G Y  
( H E V  

O . O b 5 6  
0. OdO 7 
0.14dO 
0.0103 
0.003tr 

0 . 0 4 ~ 9  
0. 064 0 
O.lL3 1 . 
0.1372 
0.9 15 3 
0.0038 

0.006 0 
0.021 5 
0 . 1 ) M Y  
0 .O 34 4 
O . 1 ) b L  5 
0.077 0 
O.Ob2 4 
0.0779 
0.0645 
0.0800 
0.0796 
0. OYY 1 
0.0505 
0.1434 
0 . 1 5 8 Y  
0.0733 
O.JAd8 
0.1042 
0.0113 
0.0042 

0.041 1 
0.0557 
0.011)3 
0.003~ 

0.0lOL 

0.0435 
0.0590 
0.043Y 
0.0594 
0.073 4 
O.Ol ld9  
0.0738 
0.08Y 3 
0.0113 
0.0042 

0. 025 7 

I hTENSl TY 
( FRACTION) 

0.20800 
0.06900 
0.00200 
0.11 800 
0.09800 

0.17713 
0.05899 
0.00055 
O . O O O l 8  
0.10045 
0.33142 

0.44900 
0.14965 
0.53136 
0.17910 
0.06738 
0.02246 
0.03391 
0.01 130 
d. 15270 
0.05089 
0.06759 
0.02253 
0.00776 
0.00242 
0.00081 
0.00015 
0.000 10 
0.00001 
0.72513 
2.47930 

0.05700 0.17100 

0.09700 
0.32500 

G.01500 
0.00500 
0.0 046 7 
0.00156 
0.00282 
0.00094 
0.07 162 
0.02385 
0.00544 
0.00 181 
0.05555 
0.18824 

w 
I 
ol 



TABLE 3-1E (continued) 

INDEX RADIONUCLIDE NO. 

358 PA237 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
7 5  
2 6  
2 7  
2 8  
2 9  

1 
2 
3 
4 
5 
6 
7 
A 
9 

1 0  
1 1  
1 2  
1 3  

354 PA234H 

ENERGY 
(HEV) 

1.0140 
0.0083 
0.0242 
0.020 1 
0.0366 
0.054 0 
0.0710 
0.0663 
0.0830 
0.099 6 
0.1566 
0.260 0 
0.1852 
0.2930 
0.1959 
0.330 0 
0.3076 
0.225 5 
0.355 1 
0.3720 
0.2836 
0.3943 
0.3009 
0.4116 
0.0745 
0.0905 
0.1064 
0.0117 
0.0063 

0.050 1 
0.0656 
0.0113 
0.0002 
0.0232 
0.0392 
0.171 0 
0.2157 
0.6950 
0.790 7 
0.806 7 
0.011 7 
0.0043 

I N T E N S I T Y  
4 FRACTICN)  

0.01120 
0.14580 
0.04860 
0.10 190 
0.04370 
0.10680 
0.03450 
0.10200 
0.06860 
0.01150 
0.00040 
0.00140 
0.05020 
0.06200 
0.26860 
0.01090 
0.01660 
0.03 340 
0.00060 
0.00090 
0.00070 
0.00090 
0.00160 
0.00020 
0.00760 
0.00480 
0.00070 
0.48500 
1.63600 

0.00098 
0.00032 
0.00054 
0.00 184 
0.00704 
0.00235 
0.00071 
0.00014 
0.00357 
0.00070 
0.00023 
0.00632 

. 0.02116 

lNnEX 

409 

RAOlnNlJCL IOE NO. 

PA234 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
17 
1 8  
1 9  
2 0  
2 1  
22 
73 
7 4  
2 5  
2 6  
3 7  
7 8  
2 9  
30  

359 (1232 

353 U23.3 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
h 
7 
8 
9 

1 0  
1 1  
1 2  

ENERGY 
( HEV) 

0.0250 
0.082 0 
0.1300 
O . l Y O 0  
0.1130 
0.230 0 
0.3500 
0,4500 
0.5500 
0.6760 
0.7750 
0.7070 
0.8100 
0.75d0 
0. a60 0 
0.7600 
0.860 0 
0.763 0 
0. 8630 
0.8050 
O . Y O 3 0  
0.801 0 
O.YO17 
0.8260 
0.930 0 
0.0745 
0.0905 
0.1064 
0.0117 
0.0043 

0.03d4 
0.053 5 
0.1039 
0.1250 
0.0110 
0.0040 

C. 0.0250 005 9 

0.0233 
0.3364 
0.0355 
0.0506 
0.052 7 
0.0678 
0.0780 
0.093 1 
0.0110 0.0040 

I N T E N S I T Y  
(FRACTION)  

1.10960 
0.59 190 
0.16620 
0.06270 
0.24170 
0.05840 
0.00701 
0.02100 
0.69800 
0.00273 

0.00435 
0.00118 
0.00374 
0.00101 
0.00372 
0.00101 
0.00369 
0.00101 
0.00328 
0.00089 
0.00084 
0.0002 2 
0.00310 
0.00083 
0.00832 
0.00525 
0.00079 
1.00600 
3.18350 

0.23900 
0.07900 
0.00200 
0.00100 
0.13500 
0.45500 

0.00380 
0.00127 
0.11761 
0.03920 
0.00518 
0.00 306 
0.00205 
0.00068 
0.00174 
0.00058 
0.07519 
0.2545 3 

0.00075 

W 
1 
v 
0 



I N D E X  P A O l f l N l l C L I O F  NO. 

3 3 8  (1734 1 
2 
3 
4 
5 
6 
7 '  

339 11735 

4 6 8  11736 

1 
7 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
70 
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
7 7  
7 8  
7 9  
3 0  

1 
2 
3 
4 

ENFRGY 
I M E V I  

0.0342 
0.0493 
0.011 1 
0.1018 
o . l l b 9  
0.0110 
0.0040 

0.002 7 
0.0liO 
0.L)lOY 
0.0260 
0.0229 
0.03d0 
0.025 9 
0. J410 
0.077% 
0.5930 
0.0003 
0.090 9 
0.100(, 
0.0333 
0.1Lk.O 
0.0533 
0.14CO 
0.0705 
0.161 0 
0.075 3 
0.1730 
0.091 3 

0.0943 
0.1850 
0.0715 
0.OR55 
0.1016 
0.011 0 
0.0040 

0.030 7 
0.045 7 
0.011 0 
0.004 0 

n.1900 

TABLE 3-1E (continued) 

I N T E N S I T Y  
( F R A C T I C V J )  

0.20880 
0.06959 
0.00G14 
0.00209 
0.00070 
0.11795 
0.39926 

0.34511 
0.11502 
0.15934 
0.05311 
0.16106 
0.05368 
0.02490 
0.00630 
0.02722 
0.00907 
0.00671 
0.00131 
0.00044 
0.0 1794 
0.00490 
0.00631 
0.00173 
0.01509 
0.00389 
0.04775 
0.01271 
0.01916 
0.00476 
0.00365 
0.00099 
0.00245 
0.00152 
0.00023 
0.46002 
1.56120 

0.19440 
0.06479 
0.10751 
0.36670 

TNOFX 

3 1 3  

RAOlClNlJCLIOE NO. 

U737 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  

1 9  
2 0  
2 1  
2 2  
2 3  
74 
7 5  

i n  

1 4 0  11738 

3 4 5  NP737 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 

1 
2 

FNEHCY 
(MEV)  

0.0054 
0.021 Y 
0.0123 
0.02n b 
0.522 5 
0.0604 
0 . 0 d 6  
0.055 1 
0.1437 
0.1602 
O.Ob.)& 
0.1&7 1 
0.2042 
0. a704 
0.092 9 

0.0120 
0.0044 
0.2492 
0.1403 
0.1162 
0.0464 
0.043 9 
0.0176 
0.3155 

0.02d 9 
0.04rtO 
0.0929 
0.10d0 
0.0110 
0.0040 

0.023 1 
0. 03Y 6 
0.012 0 
0.00-4 

0.0100 
0.0255 
0.037 1 
0.0520 
0.0673 
0.082d 
0.0113 
0.0042 

n. 109 3 

I NTENS I TY 
( F R A C T  I O N )  

0.12600 
0.04200 
0.16400 
0.05600 
0.03700 
0.00 100 
0.31400 
0.10000 
0.02300 
0.00800 
0.53000 
0.11200 
0.03900 
0.01100 
0.00700 
0.00100 
0.66500 
2.22600 
0.00300 
0.00600 
0.002~0 
0.00400 
0.00400 
0.00300 
0.00 100 

0.17210 
0.05731 
0.00146 
0.00049 
0.09705 
0.32d48 

0.73800 
0.24600 
0.41000 
1.39400 

0.14187 
0.04724 
0.19697 
0.06 559 
0.01939 
0.00646 
0.19990 
0.67742 



TABLE 3-1E (continued] 

INDEX RADIONUCLIDE 

330 NP239 

494 PU73h 

497 NP740M 

NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12  
13 
1 4  
1 5  
1 6  
1 7  
1 8  
19 
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  

1 
. 2  

3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  

1 
2 
3 
4 
5 
6 

ENERGY 
[ MEVJ 

0.0033 
0.028 0 
0.0450 
0.0357 
0.0527 
0.0500 
0.0850 
0.0605 
O.lb50 
O-Ohdb 
0.1900 
0.1052 
0.2100 
0,107 0 
0.2100 
0.1332 
0.2400 
0.151 7 
0.2514 
0.1564 
0,2600 
0.1643 
0.2700 
0.1947 
0.2131 
0.078 1 
0.095 1 
0.1121 
0.0124 
0.0046 

0.021 3 

0.1382 
0.4322 
0.4752 
0.7382 
0.741 2 
0.0124 
0.004b 
O.lYY2 
0.547 7 
O.ob73 
O.dO96 

0.027 3 
0.043 3 
0. oeu 7 
0.1047 
0.011 7 
0.0043 

0.0384 

I NTENS I TV 
IFRACTICN) 

0.63600 
0.15100 
0.05000 
0.24200 
0.08000 
0.12400 
0.2 1400 
0.00231 
0,00059 
0.06973 
0.01960 
0.00371 
0.00101 
0.18289 
0.04080 
0.00154 
0.00043 
0.00095 
0.00020 
0.15104 
0.04 100 
0.00055 
0.00096 
0.00038 
0.00045 
0.00857 
0.00549 
0. oooez 
0.58686 
2.60670 

0.29200 
0.09 800 
0.00100 
0.00200 
0.00100 
0.00 100 
0.00100 
0.16400 
0.56 100 
0.00 100 
0.00100 
0.00100 
0.00100 

0.23337 
0.07778 
0.00122 
0.00041 
0.12902 
0.44179 

INDEX RADIONUCLIDE NO. 

7 A l  PU239 

282 PUZ40 

784 PU742 

334 AM741 

780 PU238 1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 

1 
z 
3 
4 
5 
6 

1 
2 
3 
4 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  

ENEAGV 
I MEV J 

0.0232 
0.0392 
0.0795 
0.0955 
0.011 7 
0.0043 

0.0007 
0.006 7 
0.0183 
0.0343 
0.0259 
0.031 3 
0.0473 
0.03b 5 
0.0485 
0.011 7 
0.004 3 

0.0250 
0.0410 
0.0833 
0.099 3 
0.011 7 
0.0043 

0.0244 
0.0404 
0.011 7 
0.0043 

0.0047 
0.0006 
0.010 I 
0.0116 
0.0206 
0.021 d 
0.024Y 
0.0275 
0.031 7 
0.033 9 
0.037 'I 
0.3379 
0.041 9 

0.053 8 
0.0580 
0.0774 
0,0932 

0.049 a 

I NTENSITY 
IFRACTIONJ 

0.21040 
0.07013 
0.00063 
0.0002 1 
0.11607 
0.39743 

0,99000 
0.18 700 
0.01F97 
0.00666 
0.00022 
0.05907 
0.0 1969 
0.00022 
0.00015 
0.04383 
0.33712 

0.18038 
0.06012 
0.00062 
0.0002 1 
0.09955 
0.34089 

0.17473 
0.05990 
0.09885 
0.33848 

0.08700 
0.00100 
0.36000 
0.11400 
0.04000 
0.10200 
0.01100 
0.03700 
0.0 1400 
0.00900 
0.02700 
0.34000 
0.00700 
0.00200 
0.10300 
0.03700 
0.00300 
0.00 100 

W 
I 

-4 
N 



TABLE 3 - 1 E  (continued) 

TNnFX RA0If lNl l t l . I f lE Nfl. 

404 AM247 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
I 1  

335 AFI243 

3 3 6  tM747 

1 
2 
3 
4 
5 
6 
7 
R 

1 
7 
3 
4 
5 
6 

E NFRGI 
( MFV 1 

0.0230 
0.033 L) 

0.07d 7 

0.1127 
0.0124 
O.OOt6 
0.0193 
0 . 0 3 7 ~  
0.0133 
0.004 8 

0.0102 
0.076 7 
0.0226 
0.039 1 
0.0538 
0.0702 
0.0102 
0.0064 

0.0225 
0.039 5 
0.0604 

0.0124 
O.OOC6 

0.0957 

0.0974 

I N T E N S I T Y  
t F R AC T I ON 1 

0.07490 
0.02497 
0.00245 
0.00157 
0.00023 
0.108Yl 
0.365 12 
0.3 7469 
0.12489 
0.2 0496 
0.70454 

0.05591 
0.01863 
0.025R9 
0.00596 
0.13274 
0.04424 
0.11998 
0.41 136 

0.19499 
0.06499 
0.00028 
0.00009 
0.10701 
0.36736 

INnEX 

4n3 

RADlnNll t l .  10E NO. 

CM743 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
7 0  
2 1  
7 7  
2 3  
3 4  
2 5  
2 6  
1 7  
2 8  
2 9  
3 0  

337 CM744 

E N FI( C Y  
( C F V J  

0.003 3 
0.0016 

0.OrLO 
0.030 0 

O.Jn2O 
0.1030 
0.0850 
0.1000 
0.04& 5 
0.1500 
0.0732 
0.1900 
O.OBd0 

0.106 0 
0.2230 

0.240 0 
0.15,O 
0.2560 
0.163 7 
0.2730 
O.ZY50 
0.5787 
o.os:, 7 
0.112 7 
0.0124 
0.0040 

0.021 3 
0.03d3 
0.0773 
0.0124 
0.0046 

0.0230 

0. a50 o 

0.2000 

0.1326 

I NTENSI  T V  
4 F R A C T  I CN) 

0.69400 
0.00373 
0.07426 
0.05334 
0.32720 
0.27420 
0.00116 
0.00287 
0.01055 
0.00796 
0.05135 
0.00037 
0.00251 
0.01652 
0.01 689 
0.0523 1 
0.21050 
0.01463 

0.00059 
0.15910 
0.03315 
0.00061 
0.01210 
0.00048 
0.00940 
0.00602 
0.00090 
0.5 3673 
2.50820 

a. 00206 

0.09686 
0.03229 
0.00002 
0.05310 
0.18229 

W 
I 
U 
w 



INDEX 

302 

360 

361 

362 

16 3 

317 

309 

3 76 

377 

31 7 

3 7a 

510 

3 79 

3 1 5  

3 8 7  

RAOIONUCLIDE NO. 

RF7 1 

r.11 1 

N13 I 

0 1 5  1 

F 1R 1 

NA77 1 
2 
3 

NA74 I 
2 
3 

H G 7 8  1 
2 
3 
4 
5 

AL78 1 

t L 3 h  1 

61 l R  1 
2 

A37 1 

K 4 0  1 
2 

K47 1 
2 
3 

K43 1 
2 
3 
4 
5 
6 
7 

ENERGY 
l M E V l  

0.4776 

0.511 0 

0.5110 

0.5110 

0.5110 

0.0008 
0,5110 
1.2745 

1.3636 
2.754 1 
3.861 0 

0.0015 
0.0306 
0.3998 
0.941 5 
1-34.? 0 

1.7787 

0.0023 

1.6424 
2.1675 

0.0026 

0.00~0 
1.4606 

0.3124 
1.5247 
1.9200 

0.2230 
0.371 0 
O.3d6O 
0.394 0 
O.5YOO 
0.6100 
1.0030 

TABLE 3-1F 
E X R M  I11 DATA B.4SE 

ENERGY AND I N T E N S I T Y  FOR EACH PHOTON 

INTENSITY 
1 FRACTIrNI 

0.10300 

I. 99500 

1.99600 

INOFX RAOIONUCL ID€ NO. 

380 t A 4 7  

1.99800 382 CA49 1 
2 

1.93400 

0.00200 
1.81100 
1.00000 

1.00000 
0.99900 
0.00 100 

0.00200 
0.95000 
0 .3  1000 
0.28000 
0.69000 

1.00000 

0.00200 

0.32800 
0.44000 

0.10440 

0.01 100 
0.10700 

0.00200 
0.17900 
0.00 100 

0.03000 
i). 85000 
0.07000 
0.11000 
0.13000 
0.81000 
0.02000 

316 S t 4 6  

381 sc47 

304 CR51 

364 HN52H 

365 MN52 

305 MN54 

3 7 1  F F 5 7  

3 
4 
5 

1 
2 

1 
2 

1 
2 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 
0 
9 

10 
1 1  
1 2  
1 3  

1 
2 

1 
7 
3 
4 
5 

ENERGY 
I HEV) 

0.4t.9 2 
0.5303 
0.767 1 
0. LO7 9 
1.297 1 

7.2200 
2.3600 
3.061 0 
4.0690 
4.1320 

O.aBY 4 
1.1205 

0.0045 
0.1594 

0.0050 
0.320 1 

0.0054 

1.531 0 
0.511 0 
0.0054 
0.005 9 
0.363 0 

0.0055 
0,445 d 
0 , j Y d S  
0.5028 
0.511 0 
0. a00 6 
0.0470 
0.7442 
0.8464 
0 .9350  
1.2470 
1.3338 
1.4344 

0.0055 
0. d34 L 

0.5110 
0.1050 
0.005Y 
0.0054 
0.0065 

1.433b 

INTENSITY 
I FRACTICN) 

0.06800 
0.00 100 
0.00200 
0.06 800 
0.75000 

0.00400 
0.00500 
0.90900 
0.07900 
0.00300 

0.99585 
0.99991 

0.00 0.70000 100 

0.2 1500 
0.09900 

0.00600 
0.98000 
0.05000 
1.87000 
0.00300 
0.00100 
0.01900 

0.16600 
0.00900 
0.00300 
0.00900 
0.55000 
0.00500 
0.00500 
0.85000 
0.03200 
0.94000 
0.04700 
0.05100 
I.  ooooo 

0.23600 
1.00000 

1.13000 
0.94200 
0.07600 
0.03900 
0.01 300 

w 
v 
P 



TABLE 3-1F [continued) 

7 N D F X  RAnlONlJC.LIOE NO. 

3 0 7  FF55 1 

3 0 8  FF59 1 
7 
3 
4 
5 
6 

3hh Cn56 

342 cn57 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11  
12 
1 4  
14  
15 
1 6  
1 7  
1 8  
1 9  
7 0  
21 
77  
2 3  
2 4  
2 5  
26  
2 7  

1 
2 
3 
4 
5 

343  cn5a 1 
2 
3 
4 
5 

1 
2 

FNEI(GY 
I M E V )  

0.0039 

0.1425 
0.192 3 
0.434d 
1.0993 
1.291 6 
1.461 8 

0.006 5 
0.5110 
0.733 7 
0.7880 
0.845b 
0.977 5 
1.0379 
1.1412 
1.1751 
1.2363 
1.3603 
1.7114 
1.8110 
1,9642 
7.0154 
2.0349 
2.112d 
2.2131 
2.2740 
2.3740 

3.0100 
3.2022 
3.7556 
3.2732 
3.451 4 
3.54d2 

0- Oob 5 
0.0144 
0.122 1 
0.1304 
0.692 1 

2.5986 

0.006 5 
0.511 0 
O.dlO6 
0.d636 
1.b746 

I N T E N S I T Y  
( F R A C T I C N )  

0.25700 

0.00800 
0.02 800 
0.00300 
0.56000 
0.44000 
0.00100 

0.21900 

0.00 100 
0.00400 
1.00000 
0.01400 
0.12900 
0.00200 
0.02000 
0.70000 
0.04300 
0.15600 
0.00600 
0.00700 
0.02 900 
0.07400 
0.00400 
0.00300 
0.00 100 
0.00200 
0.16800 
0.00900 
0.03100 
0.07600 
0.01500 
0.00800 
0.00200 

0.54000 
0.09500 
0.85600 
0.10600 
0.00200 

0,25700 
0.30000 
0.99400 
0.00700 
0.00500 

0.4aooo 

1.1732 0.99900 
1.3325 1.00000 

INDEX ~AOlIlNIICL10E NO. 

390 N156 

774 C U 6 4  

1 
2 

375  7N65 1 
7 
3 

350 ZEu69M 1 
7 
3 
4 

401 GAh7 1 
7 
3 
4 
5 
6 
7 

9 
1 0  
11 
1 2  
1 3  
1 4  

n 

377 GAhA 

FNFRGY 
I V F V )  

0.0070 
0.1563 
0.203 6 
0.44.07 
0.7536 
O.dl2L 
1.5625 

0.0076 
c.2130 
1.5470 

0.006 1 
0.5100 
1.1152 

0.4390 
0*008b 
0.008b 
0.0090 

0.0912 
O.OY33 
0.1845 
0.2000 
O.LYb(i 
0.3d80 

0.6900 
C. 0.d7GO 7800 

O.0080 
0. 0086 

0.009 7 

0.5110 
O.dO00 1-07.50 

1.2400 
1.~3700 
O.OOb6 
0.0066 
0.00Y6 

0.4900 

0.0096 

I F t T E N S l T Y  
( F R A C T  I C N )  

0.33800 

0.39COO 
0.380CO 
0.48000 
0.87000 
0.15000 

0 . 1 4 C O O  
0.37000 
0.00600 

0.35200 
0.02800 
0.5 0600 

0.98700 

0.94791 
0.01910 
5.0 0 594 
0.00214 

0.02300 
0.39600 
0.22900 
0.0 1500 
0.20500 
0.08c00 
0.00200 
0.00 100 
0.00 100 
0.00200 
0.29100 
0.14500 
0.05200 
0.00 100 

1.76000 
0.00500 
0.03500 
0.00100 
0.00200 
0.02 700 
0.01 300 
0.00500 

w 
U 
VI 



TABLE 3-1F (continued] 

I N O E X  R A O I O N U C L I O E  NO. 

3 GF77 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12  
13 
1 4  
1 5  
1 6  
17 
18  
19 
2 0  
2 1  
22 
2 3  
2 4  
2 5  
2 6  

3R5 hS76 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12  
13 
1 4  
1 5  
16 
17  
1 8  
1 9  
2 0  
2 1  
22 

ENERGY 
( M E V )  

0.1564 
0.1949 
0.2108 
0.2156 
0,264 5 
0.3382 
0.3674 
0.4165 
0.471 2 
0,5579 
0.5930 
0.032 5 
0.7139 
0.7470 
0.7750 
0.810 1 
0. YOb 7 
0.9260 
l.OLi51 
1.1933 
1.3691 
1.5746 
1.7170 
1.4786 
2.0004 
2.0900 

0.559 0 
0.5593 
0.5720 
0.6240 
0.6574 
0. 660 1 
0. I 0 8 0  
0.7399 
0.772 2 
0.b580 

0.972 0 
1.1300 
1.2130 
1.2160 
1.2286 
1.4376 
1.452 7 
1.7664 

?. 096 7 
2.1120 

0.869 4 

1.8830 

I N T E N S I T Y  
4 F R A C T I O N )  

0.00800 
0.01 500 
0.30600 
0.28000 
0.53300 
0.00900 
0.13000 
0.23400 
0.02600 
0.16700 
0.01900 
0.10500 
0.08900 
0.02300 
0.03600 
0.02400 
0.01 100 
0.03000 
0.07000 
0.03000 
0.02 100 
0.00600 
0,00700 
0.00900 
0.00700 
0.00900 

0.04000 
0.42000 
0.00200 
0.00400 
0.06400 
0.00300 
0.00200 
0.00200 
0.00200 
0.00 100 
0,00100 
0.00 100 
0.00100 
0.02000 
0.04000 
0.01500 
0.00300 
0.00100 
0.00300 
0.00100 
0.00600 
0,00200 

l N O E X  R A D I O N U C L I O E  NO. 

4 AS77 

391 SF75 

505 SF77H 

504 R R 8 O M  

495 R R 8 0  . 

1 
2 
3 
4 
5 
6 
7 
8 

1 
2 
3 
4 
5 
6 
7 

9 
L O  
11 

1 
2 
1 
4 

1 
2 
3 
4 
5 
6 
7 

1 
7 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  

a 

ENERGY 
1 HEV) 

0.520 8 
0.2616 
0.2708 
0.1392 
0.2500 
0.0880 
0.2391 
0.162 0 

0.001 3 
0.0107 
0,066 0 
0.0967 
1.211 1 
0.1360 
0.1966 
0.2647 
0.2796 
0.3040 
0.4007 

0.011 1 
0.0112 
0.0124 
0.16lY 

0.037 0 
0.048 0 
0.011 9 
0.0119 
0.0133 
0.0135 
0.001 4 

0.6660 
0.0112 
0.0112 
0.0125 
0.0127 
0.001 3 
0.5110 
0.6150 
0.6390 
0.70C 0 
1.2510 

I N T E N S I T Y  
4 F R A C T I C N )  

0.00430 
0.00050 
0.00008 
0.00010 
0.00410 
0,00300 
0.01 590 
0.00310 

0.01400 
0.54400 
0.01000 
0.03200 
0.16200 
0.55600 
0.01400 
0.59100 

0.01400 
0.12400 

0.06880 
0.13820 
0.02790 
0.50790 

n. 25000 

0.39150 
0.00280 
0,43569 
0.21719 
0.09019 
0.00719 
0.04 163 

0.01099 
0.01934 
0.00963 
0.00391 
0.00025 

.0.00127 
0.05600 
0.07187 
0.00230 
0.00200 
0.00080 

w 
' W  m 



TABLE 3-1 F (continued) 

INOFX RADlONlJCLlDE NO. 

14 R R B ?  1 
7 
3 
4 
5 
6 
7 
8 
s 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  

7 1  
2 0  

16 R R 8 3  

ENERGY 
I HEVl  

0 . O l L  8 
0. 0Y7 1 
0.1370 
0.211 3 
0.2734 
0.5543 
0.6065 
0.019 1 
0.69d.r 
0.7767 
0.8278 
0.9510 
1.0060 
1.044 0 

1.3174 
1.4749 

1. on2 o 

1.6512 
1.782 o 
1.d740 
1.95YO 

0.0093 
0.0325 
0.250 0 
0- 012 b 
O . O ? Z O  
0.01c1 
0.0143 
0.001 5 

I N T E N S I T Y  
t F R A C T I O N )  

lNnFX 

0.00400 71 
0.00400 
0.00200 
0.02300 
0.00800 
0.72000 

0.43000 
0.27000 
0.83000 
0.24000 
0.00400 
0.0 1700 
0.29000 
0.00400 
0.28000 
0.17000 
0.00900 
0.00 100 
0.00 100 
0.00100 

0. o i o o n  

1.00000 
0.00055 
0.01 390 
0.09050 
0.04510 
0.01919 
0.00190 
0.03 20 8 

RADlnNUCLInE Nfl. 

367 K R  79 

AR 04 1 
3 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
7 0  
7 1  
2 2  

1 
7 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
19 
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  

F N E H G Y  
I M E V I  

0.2730 
0.350 0 
0.430 0 
0.4700 
C.5200 
0.6100 
0.740 0 
0.d100 
0.8800 
1.0100 
1.2100 
1.4700 
1.2700 
1. I Q O O  
1.90LO 
2.0500 
2.1700 
2.4700 
2.8200 
3.030 0 
3.7800 
3.9300 

0.0015 
0.012 1 
0.0c.t 5 
0.1360 
0.1855 
0.2086 
0.2173 
0- 2613 
0.7997 
0.306 b 
0.345 3 
0.389 1 
0.3976 
0.511 0 

0.5292 
0.6066 
C.b150 
0.80Y 0 
0.&322 
0.9352 
1.0257 
1.0703 
1.1151 
1.3323 

0 . 5 ~ 2 8  

I NTENS I TY 
( FRACT I C N )  

0.00509 0.01000 

0.02100 
0.00900 
0.02600 
0.02300 
0.02900 
0.06300 
0.41C50 
0.08800 
0.03200 
0.01 700 
0. 01 coo 
0.02000 
0.15000 
0.01600 
0.01605 
0.07500 
0.01900 
0.03000 
0.02400 
0.10400 

0.03000 
0.51100 
0.00 100 
0.00600 
0.00100 
0.00700 
0.01800 
0.11000 
0.01300 
0.02200 
0.00100 
0.0 1 400 
0.08000 
0.15000 
0.00200 
0.00300 
0.08000 
0.00 100 
0.00100 
0.01200 
0.00100 
0.00100 
0.00 100 
0.00300 
0.00300 



TABLE 3-1F (continued) 

I N D E X  R A D I O N U C L l O E  NO. 

17 K R 8 3 H  1 
2 
3 
4 

25 K R R W  1 
2 
3 
4 
5 
6 

26 KRA5 

31 KR87 

1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
15 
1 6  
1 7  
1 8  
1 9  
7 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  

ENERGY 
I YEV)  

0.0016 
0.009 4 
0.012 8 
0.032 0 

0.0016 
0.001 7 
0.0128 
0.013a 
0.151 0 
0.304 5 

0.5140 

0.0136 
0.1294 
0.402 7 
0.5095 
0.6737 
0.8144 

0. d456 
0.9470 
0.976 7 
1.1755 
1.3382 
1.382 7 
1.383 8 
1.461 2 
1.5312 
1.5783 
1.6113 
1.7404 
2.0119 
2.3736 
2.4084 
2.5545 
2.5577 
2.8112 
7.9602 
3.055 1 
3.3082 

0. 0365 

I N T E N S I T Y .  
( F R A C T I O N )  

0.04800 
0.05900 
0.16000 
0.00 100 

0.00200 
0.00100 
0.04 100 
0.02200 
0.75 100 
0.14100 

0.00400 

0.00100 
0.00 100 
0.48000 
0.00100 
0.01 800 
0.00200 
0.00800 
0.07200 
0.00100 
0.00100 
0.01100 
0.00600 
0.00300 
0.00100 
0.00100 
0.00400 
0.00 100 
0.00 100 
0.02000 
0.02900 
0.00100 
0.00200 
0.08600 
0.04300 
0.00300 
0.00100 
0.00 100 
0.00500 

1NDEX 

33 

RAOIONUCLIOE NO. 

K R 8 8  1 
2 

373 REA4 

3 8 6  R886 

3 
4 
5 
6 
7 
8 
9 

10 
11  
1 2  
13 
1 4  
1 5  
16 
1 7  
1 8  
1 9  
7 0  
2 1  
2 2  
2 3  
2 4  
7 5  
2 6  
2 7  
28 
2 s  
3 0  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 

ENERGY 
I M E V )  

0.1660 
0.196 1 
0.3904 
0.4732 
0.7890 

‘0.8624 
0.945 2 
O.YB67 1.0396 

1.0495 
1; 141 7 
1.1795 
1.185 1 
1.2130 
1.2456 
1.2500 
1.3525 
1.4069 
1.5185 
1.5298 
1.6038 
2.0205 
2.0353 
2.1868 
2.1Y5Y 
2.231 6 
2.3524 
2.3020 
7.549 0 

0.034 7 

0.511 0 
0.d800 
1.0130 
1.9000 
0.0127 
0.0126 
0.014 1 
0.014 3 
0.001 5 

1.0770 

I N T E N S I T Y  
4 F R A C T I G N )  

0.06800 
0.37500 
0.00600 
0.00600 
0.00400 
0.12900 
0.00500 
0.00300 
0.01600 
0.00400 
0.00 100 
0.01 700 
0. ooaoo 
0.00600 
0.00200 
0.00300 
0.01 100 
0.00200 
0.00200 
0.01500 
0.11300 
0.00200 
0.04800 
0.04800 
0.00200 
0.14800 
0.03600 
0.00200 
0.37500 
0.00300 

0.42000 
0.73400 
0.00400 
0.00800 
0.25700 
0.12800 

0.00500 
0.02500 

0.05400 

0.08 800 

W 
1 
v 
03 



TABLE 3-1F (continued) 

lNDFX R 4 0 1 0 N L J C L I O E  NO. 

34 R R A 8  1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
1 2  

37 R H R 9  

ENERGV 
( H F V l  

0.846 0 
1.3832 
1.7794 
1.8361 
2.1122 
2. A191 
7.575 8 
2.0706 
3.0094 
3.218 7 
3.48112 
4 .  i 4 5 2  

0. bOU 0 
l.0S00 
1.260 0 
1.550 0 
2.200 0 
2.590 0 
2. I 5 0 0  
3.500 0 

I N T E N S I T Y  
I F R A C T I C N I  

INDEX 

0.14800 41 
0.00800 
0.00200 
0.23200 
0.00 100 
0.00500 
0.00200 
0.02300 
0.00300 
0.00200 
0.00 100 
0.00200 

0.15000 
0.7 5000 
0.53000 
0.04000 
0.13000 
0.13000 
0.03000 
0.02000 

RR90 1 
2 
3 
4 
5 
6 
7 
8 
S 

11  
1 2  
1 3  
1 4  
15 
16 
17 
1 A  
19 
7 0  
2 1  
77 
23 
2 4  
2 5  
26  
2 7  
7 8  
2 9  
30 

i n  

346 SFR5 

397 S R 8 7 M  

46 S R 9 1  

51 SR92 

1 
2 
3 

ENFKGY 
(PIE!/) 

0.5340 
0.a17ti 
0 . m  5 
0,9775 
1.7150 1.0600 

1.3509 
0.9999 
1.d343 
2.1741 
2.2435 
2.5009 
2.7540 
3.0585 
3.5022 
3.3603 
3.3833 
3.S34.2 
3.8150 
4.0807 
4.1360 
4.2600 
4.5456 
4.366 0 
4.4540 
4.6406 
5.0149 
5.187b 
5.2545 
5.3336 

0.001 7 
0.0136 
0.5140 

0.3884 

0. a45 0 
0.74110 
0.9330 
1.0250 
1.4130 

0.2300 
0.4400 
1.3700 

I N T E N S I T Y  
I F R A C T I C Y )  

0.00188 
0.02075 
0.48945 
0.01020 
0.10820 
0.00920 
O.OlC60 
0.01 830 
0.01540 
0.01760 
0.00420 
0.01520 
0.00130 
0.01910 
0.02080 
0.01 570 
U. 08370 
0.05470 
0.00790 
0.00 700 
0.09240 
0.00300 
0.00690 
0.09880 
0.00400 
0. 02 A80 
0.00470 
0.01380 
0,00330 
0.00600 

0.03800 
0.59800 
0.99300 

0.84803 

0.14000 
0.29000 
3.03C00 
0.30000 
0.07000 

0.03500 
0.04100 
0.90000 



TABLE 3-1F [continued] 

INDEX RAOIONUCL 1OE NO. 

55  SR93 

368 Y87 

9 6 9  Y88 

4R Y91 

1 
2 
3 
4 
5 
6 
7 

9 
1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

1 8  
1 9  
2 0  
2 1  
1 2  

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 

a 

1 7  

ENERGY 
( M E V I  

0.1684 
0.2600 
0.3464 
0.3773 
0.432 7 
0.446 1 
0.4830 
0.590 0 
0.6633 
0.7100 
0.7118 
0.7709 

0.8758 

1.0410 
1.0938 
1.1223 
1.2149 
1.2688 
1.3210 
1.5548 

0.001 8 
0.0136 
0.0144 
0.4835 
0.5110 

0.001 tl 
0.0154 
0.5110 
0.8980 
1.8361 
2.7350 

0.5510 
0.0150 
0,0149 
0.0157 
0.0170 
0.0019 

1.2100 

0.a346 

o.aa83 

I NTEN S I TY 
( FR ACT I ON I 

0 .20860 

0 .03600  
0.02200 
0.01440 
0.02 160 
0 .02900  
0.71940 
0.02900 
0.22300 
0 .01440  
0.01440 

0.25180 
0.22300 
0 ,05000  
0 .01900  
0.03600 
0.02900 
0.10100 
0.02900 
0 .01440  

0.05 100 
0.00400 
0.71400 

o.oa630 

0. o 1 aoo 

0. w o o 0  
0.03aoo 

0.04000 
0.61200 
0 .00400  
0 .93400  
0.99 400 
0.00600 

0.94696 

0.00921 
0.00413 
0.00057 
0.00259 

0 .00200  

0.01 a42 

TNDEX RADIONUCLIDE NO. 

52 Y92 

56 . Y93  

6 5  LR95 

i 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 
2 
3 
4 

E NERCY 
(HEVJ 

0.44ao 
0.4900 
0.560 0 
0.840 0 
0.9000 
0.9340 
1.1200 
1.4000 
1.8300 
2.0600 
0.0158 

0.2b70 
0.6794 
0.946 5 
1.4508 
I . Y l 7 9  
2.1843 
2.1907 
0.0158 
0.0157 

0.0022 
0.0169 
0.756 9 
0.1242 

INTENSITY 
(FRACTION) 

0.02490 
0.00300 
0.02490 
0.01000 
0.00700 
0.13790 
0 .00250  
0.04700 
0.00400 
0.00050 
0.00013 

0.07684 
0.00579 
0.01799 
0.00250 
0 .01240  
0.00140 
0.00150 
0,00043 
0.00022 

0.00100 
0.00900 
0.54300 
0.4 3500 

'LJ 
i &  
!o 



INDEX RADIONUCLIDE NO. 

69 ZR97 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14  
1 5  
16 
1 7  
18 
19 
2 0  
2 1  
22 
2 3  
74  
25 
26 
2 1  
7R 
29 
3 0  

66 NR95H 

67 NR95 

70 NR97Y 

E NFRGV 
I HFV 1 

0.111 7 
0.1820 
0.2192 
0.2543 
0.2724 
0.2960 
0.331 0 
0.3555 
0.401 0 
0.507 6 
0.5130 
0.6024 
0.6Y03 
0.703 6 

O.dZP9 
0.854 5 
0.971 1 
1.021 0 
1.1090 
1.147a 
1.2758 
1.362 6 
1.7499 
1.8513 
0.0156 
0,0165 
0.0116 
0 .01YO 
0.002 I 

0.23s 4 

0.011d 
0.769 8 

0.743 0 
0.0166 
0.0165 
0.0186 
0.0190 
0,002 1 

0. a04 u 

TABLE 3-1F 

1 NTENSITY 
4 F R A C T I O N )  

0.00070 
0.00080 
0.00240 
0.01 178 
0.00250 
0.00084 
0.00090 
0.02 182 
0.00250 
0.04900 
0.00920 
0.01397 
0.00250 
0.01098 
0.00710 
0.00290 
0.00 390 
0.00300 
0.00920 
0.00050 
0.02749 
0.01000 
0,01100 
0.01499 
0.00460 
0.00605 
0.00303 
0.0014l 
0.00230 
0.00101 

0.24200 

0.00100 
0.99800 

0.982 10 
0.00629 
0.00315 
0.00146 
0.00023 
0.00 106 

(continued) 

1NnFX RADIflNUCLIDE NO. 

71 NR97 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
1 4  

1 7  H099 

78 TC99M 

88 RU103 

1 
2 
3 
4 
5 
6 
7 
8 
9 --. 1 0  

'- 1 
2 
3 
4 
5 
6 

I 
2 

89 RHlO3t4  1 
2 
3 
4 
5 

. 

FNERGY 
(HEV)  

0.051 9 
0.720 0 
0.658 1 
0.908 0 
1.0241 
1.1174 
1.1467 
1.2687 
1.5160 
1.62~30 
0.0175 
0.0174 
0.0196 
0.002 7 

0.0024 
0.018 7 
0.0400 
0.961 0 
0.181 1 
0.3664 
0.5289 
0.139 7 
0.7112 
0. d23 1 

0,140 5 
0.0184 
0.0183 
0.0200 
0.021 0 
0,002 4 

0.002 7 
0.0206 
0.b 102 
0.053 1 
0.2949 
0.4438 
0.4969 
0.556 9 

0.039 7 
0.0202 
0.02DO 
0.0227 
0.0026 

I NTE NS I TY 
( F R A C T I C N J  

0.98196 
0.00130 
0.00040 
0.00040 
0.01099 
0.00070 
0.00040 
0.00180 1 

0.00130 
0.00020 
0.00077 
0.00039 
0.00018 
0.00013 

0.01200 
0.11600 
0.01300 
0.00100 
0.06700 
0.01500 
0.00100 
0.13800 
0.04800 
0.00 100 

0.88300 
0 .04300  
0.02200 
0.0 1000 
0.00200 
0. 00800 

0.07100 
0.08300 
0.05400 
0.00300 
0.00200 
0.00400 
0.89000 
0.00800 

0.00060 
0.04360 
0.02 190 
0.01 070 
0.064 IO 



TABLE 3-1F (continued) 

INDEX RAOIONUCL TOE NO. 

98 RH106  

96 R H I O 5  1 
2 
3 
4 
5 
6 
7 
8 
9 

L O  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  

398 PD103 1 
2 
3 

ENERGY 
( M E V I  

0.0308 
0.2805 
0.3063 
0.3193 
0.442 7 
0.021 2 
0.021 0 

0.0244 
0.002 tl 

0.021 6 
0.4279 
0.4350 
0.5118 
0.6162 
0.622 1 
0.873 5 
0.1050 
1.127 5 
1.1940 
1.5620 

0.040 0 
0,0530 
0.360 0 

0.0238 

I NT ENS I TY 
f R ACT I ON I 

0.00022 
0.00166 
0.05301 
0.19106 
0.00040 
0.002 12 
0.00 107 

0.00010 
0.00046 

0.00 100 
0.00 100 
0.00 100 
0.20600 
0.00700 
0.09900 
0.00400 
0.01500 
0.00400 
0.00100 
0.00200 

0.00 100 
0.03200 
0.00 100 

o.ono53 

INOEX RADIONUCL IOE NO. 

333 A C l l O M  1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
13  
14 
1 5  
16 
17 
18 
19 
20 
2 1  
2 2  
23 
24 
2 5  
26 
27 

114 46111 

507 C.011114 

511 CDII3H 

1 
2 
3 
4 

1 
2 

ENERGY . 
4 MEV) 

0.0037 
0.1153 
0.0222 
0.022 0 
0.024 9 
0.0255 
0.002 9 
0.44b8 
0.6202 
0.657 7 
0.6775 
0.6869 
0.7066 
0.744 1 
0.7639 
0.6130 
0. &lib6 
0.9374 
1.3840 
1.4757 
1.5047 
1,5b2 1 
0.0232 
0.0230 
0.020 1 
0.025 7 
0.003 1 

0.0236 
0.0'463 
0.2459 
0.3420 

0.1500 
0.2470 

0.0232 0.2700 

0.0230 
0.003 0.026 1 1 

I N T E N S I T Y  
( f R ACT I ON I 

0.00001 
0.00006 
0.00304 
0.00154 
0.00077 
0.000 15 
0.00172 
0.03270 
0.02 789 
0.94410 
0.11661 
0.07081 
0.1606 1 
0.04189 
0.22454 
0.07188 
0.7 1407 
0,30860 
0.25882 
0.0409 8 
0.14192 
0.0 1279 
0.00266 
0.00135 
0.00068 
0.00014 
0.00062 

0.00300 
0.00200 
0.01200 
0.08000 

1.00000 
1.00000 

0.00125 
0.00109 
0.00055 
0.00028 
0.00045 

w 
Q) 
N 



JNDFX RA~InNIJCl.IDE NO. 

175 c n i i 5 ~  1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  

394 I N l i 3 M  

477 IN114M 

514 IN114 

177 lN115M 

1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
I t  
13 

1 
2 
3 
4 
5 
6 

1 
7 
3 
4 
5 
0 

7 

1 
2 
3 

FNEgGY 
( M F V I  

0.1050 
0.1300 
0.1570 
0.1980 
0.2320 
0. 26l 0 
0.3170 
0.405 0 

0.935 0 
1.1330 
1. L Y O O  
L.4200 
1.4500 

0.391 7 

0.0232 
0.023 0 
0.026 I 
0.025 7 
0.003 1 
0.191 6 
0.0242 
0.0240 
0.027 3 
0.0219 
0.0033 
0.5580 
0.1252 

1.2999 
0.2500 
0.0232 
0.026 1 
0.025 7 
0.003 1 

0.3350 
0.0242 
0.0240 
0.027 3 
0.0279 
0.0033 
0.4913 

0.0035 
0.0147 
0.2550 

n . 4 ~ 0  

TABLE 3-1F (continued) 

I NTFNSITY 
(FRACTICN) 

0.00010 
0.00001 
0.00013 
0.00003 
0. 00002 
0.00002 
0.00002 
0.00278 
0.0002 1 
0.01957 
0.00079 
0.00909 
0.00002 
0.00018 

0.64400 

0.01400 
0.0071 1 
0.00360 
0.00072 
0.00336 
0.15620 
0.18060 
0.09190 
0.04710 
0.00948 
0.07517 
0.03483 
0.03491 

0.00150 
0.00070 
0.01258 
0.00215 
0.00043 
0.00198 

0.39250 
0.203 10 
0.10330 
0.05290 
0.01070 
0.05364 
0.00060 

0.13500 
0.96600 
0.01900 

INDFX RAOJflNUCLJnE NO. 

161 SN175 

405 SN119M 1 
2 
3 
4 
5 
6 
7 

1 
.? 
3 
4 
5 
6 
7 
8 
9 

i n  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
7 2  
2 3  

428 SR122 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  

ENEALY 
I M E V I  

0.073d 
0.065 0 
0.0255 
0.0250 
0.0285 
0.0292 
0.0034 

0.7650 
0.432 0 
0.3510 
0.4700 
0.6500 
O.dI70  
0.13940 
0.Y A5 0 
0.9300 
1.0170 
1.0670 1.0880 

1.1500 
1.1730 
1.2630 
1.3490 
1.4200 
1.aobo 
1.dYOO 
7.002 0 
2.201 0 
2.2270 
2.2750 

0.500 0 
0.060 0 
1.1252 
0.0275 
0.0272 
0.0310 
0.031 8 
0.003 8 
l . l r 0 0  
0.0253 
0.025 0 
0.07tl5 
0.02Y2 
0.0034 

INTENSITY 
(FRACTION) 

0.15212 0.00019 

0.14035 
0.07158 
0.03 705 
0.00758 
0.17683 

0.00150 
0.01330 
0.00230 
0.01350 
0.00050 
0.04870 
0.00240 
0.03SOO 
0.00240 
0.00270 
0.08860 
0.05140 
0.00120 
0.00240 
0.00240 
0.00060 
0.004d0 
0.00150 
0.00070 
0.02130 
0.00040 
0.00002 
0.00190 

0.66012 
0.03388 
0.00659 
0.00160 
0.00082 
0.00043 
0.00009 
0.00046 
0.00739 
0.01260 
0.00643 
0.00333 
0.00068 
0.00325 

W 

03 
W 



TABLE 3-1F (continued) 

I N O F X  R A n l n N I I C L l n F  NO. 

15'3 28124 1 
7 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
? 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 
2 1  
22  
2 9  
2 4  

162 SR125 1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
18 
1 9  
2 0  
2 1  
22  
7 3  

ENERGY 
I M E V )  

0.0380 
0.4090 
0.444 0 
0.525 5 
0.602 7 
0.b324 
0.6458 
0.70Y 3 
0.7158 

0.735 7 
0.79011 
0.Y6d2 
1.045 1 
1.3255 
1.3522 
1 -36d2 
1.3673 
1.4306 
1.4453 
1.489 1 
1.5264 
I.oY1 0 
2.091 0 

0.0038 
0.02t10 
0.0355 
O.Ohl8 
0.1093 
0.1110 
0.1170 
0.1720 
0.1763 
0.2041 

0.2279 
0.321 1 
0.3650 
0.4061 
0.4279 
0.4436 
0.4b3 !I 
0.4h98 

0.606 8 
0.6361 
0.671 7 

0.722 8 

0. zoa 1 

a. 600 b 

I NTFNS I T Y  
I FR A t 1  ION 1 

0.00400 
0.00400 
0.00300 
0.00300 
0.98200 
0.00100 
0.07300 
0.01400 
0.02500 
0.11100 
0.00100 
0.00700 
0.01900 
0.01900 
0.01400 
0.01 000 
0.02400 
0.00400 
0.01100 
0.00200 
0.00600 
0.00400 
0.48 300 
0.05700 

0.12000 
0.73COO 
0.059CO 
0.01000 
0.00 100 
0.00100 
0.00300 
0.00200 
0.06 300 
0.00300 
0.00200 
0.00100 
0.00400 
0.0 1400 
0.00200 
0.29600 
0.00300 
0.10000 
0.00300 

0.05200 
0.11200 
0.01800 

0. it1400 

1 NnEX 

16d 

996 

163 

SR 127 1 
7 
9 
4 
5 
6 
7 

9 
1 0  
1 1  
1 2  
1 3  
14  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
22 
2 3  
2 4  
25  
2 6  
2 7  
2 8  
2 9  
3 0  

TF 123M 1 
2 
3 
4 

TF125M 1 
2 
3 
4 

a 

169 TE127M 

F NERLY 
( HFV 

0.06 L 0 
0.1540 
0.2500 
0.2910 
0.393 0 
0.4130 
0.4500 
0.+730 
0.5400 
0.600 0 
0.6240 
0.0378 
0. 65L 5 
0.667 5 
O.oM2 3 

0.bYd5 
0.7222 
0.765 7 
0.7837 
O . d l 7 O  
0. &?a6 
0.9244 

1.1557 
1.2903 
1.3779 
0.0274 
0.0310 

o-ba5 7 

1.141a 

0.0038 

0.003 8 
0.028 0 
O.Od85 
0.1590 

0.0038 
0.02M 0 
0.035 5 
0.1093 

O.O&d 7 
0.027 5 
0.02r2 
0.031 0 
0.531 8 
0.0038 

I N T E N S I T Y  
( F  R A C T I C N )  

0.0 1626 
0.00 106 

0.02 100 
0.01 170 
0.04400 
0.04000 
0.25000 
0.03600 
0.04600 
0.00060 
1l.00400 
0.00330 
0.00710 
0.00540 
0.35500 
0.03520 
0.01810 
0.OG070 
0.14590 
0.00390 
0.00 200 
0.00500 
0.00360 
0.00040 
0.00360 
0.00070 
0.03 190 
0.00690 
0.00600 

0.12400 
0.49300 
0.00 100 
0.83500 

0.21400 
1.14000 
0.06800 
0.00300 

0.00075 
0.16744 

0.04521 
0.00938 
0.10095 

0.08403 

0.08590 

W 

Q, 
P 



TABLE 3-1F (continued) 

INOFX RADInNUCLlflE NO. 

170 TE127 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

176 TF129H 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
15 
16 
1 7  
18  
19  
20 
2 1  
22 

F NERGY 
( M E V )  

0.0576 
0.1452 
0.202 8 
0.2150 
0.3600 
0.4180 
0.0286 
0.02d3 
0.032 3 
0.003 4 

0.105 5 
0.0278 
0.5566 
0.672 0 
0.696 0 
0.701 8 
0.70S6 
0.7296 
0.2'41 1 
0.768 Y 

0.8449 
1.0226 
1.0504 
1.3738 
1.401b 
0.0039 
0.02r 5 
0.027 2 
0.031 0 
0.031 8 
0.0038 

0.8172 

INTENSITY 
4 f R ACT ION 1 

0.00028 
0,00003 
0.00051 
0.00055 
0.00 117 
0.00807 
0.00050 
0.00026 
0.00014 
0.00015 

0.00144 
0.00027 
0.00109 
0.00025 
0.03099 
0.00019 
0.00005 
0.00747 
0.00029 
0.00003 
0.00091 
0.00035 
0.00020 
0.00018 
0.00001 
0.00004 
0.00015 
0.14733 
0.07558 

0.00825 
0.06 67 7 

0.03978 

INDEX RAOIONlJCCIDE NO. 

177 TF129  1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11  
12  
13 
14  
1 5  
1 6  
1 7  
18  
19  
2 0  
7 1  
22 
23  
2 4  
25 
26 
7 7  
78  
29  

ENERGY 
( MEV I 

0.027 0.2090 a 

0.2784 

0.250 7 
0.2703 

0.2Ml2 
0.342 6 
0.342 8 
0.4596 
0.4874 
0.531 8 
0.551 5 
0.55Y 7 
0.624 4 
0.741 1 
0. IbdJ  
0.6022 
0.629 9 
0.t3334 

1.0840 
1.111 7 
1.2330 
1.2608 
1.2b44 
0.0286 
0.0283 
0.032 3 
0.0034 

0.4824 

I NT E N S I  TY 
FRACTION) 

0.16787 
0.00200 
0.00415 
0.00004 
0.00583 
0.00153 
0.00007 
0.00039 
0.07622 
0.01454 
0.00088 
0.000 11 
0.00007 
0.00092 
0.00360 
0.00004 
0.00209 
0.00008 
0.00046 
O.OOOl8 
0.00609 
0.00 240 
0.00009 
0.00013 
O.OOC09 
0.00080 
0.00041 
0.00022 
0.07963 



00100'0 
OOEOO '0 
00110'0 
OOE 0 0 '0 
003 00 '0 
001 00'0 
00100 '0 
001 00 '0 
0062 8 '0 

OOEEI '0 
OOL 9 e -0 

ooose-o 

ooeio-o 
00610'0 

006E1'0 

36b10'0 
E6E00'0 
€8810'0 
835E0'0 

05600'0 
OSE90.0 
6 E SO 0 '0 
01010'0 
EEVEO'O 
00300'0 
566 IO '0 

00200'0 
Of1 00'0 
69200'0 
03E00'0 
€02 10 '0 
00030 '0 

96890.0 

oi eo o 00 

ewoo*o 
e 5930 -0 
936s I '0 
Szloo'o 
12LOO'O 

L9LL9.0 

(NO 113VM 3 I 
AlISN31N I 

08900 -0 

6329'0 
4RE4'0 
06ZS'O 
9505'0 
3093'0 
993S'O 
018Z'O 
€897'0 
O6Sl'O 
0620'0 
R SOO'O 

Z8ZZ'O 
€911'0 
P 111.0 
L 630 '0 

6 €00'0 
ZEEO'O 
€ZFO'O 
€RZO'O 
9u20-0 
OS6Z-1 
OL3l'T 
0860'1 
0 100'1 
0 166'0 
0246'0 
0836'0 
OEE6'0 
0 R68 '0 
0 23ff '0 
OLZL'O 
OSL9'0 
03SO'O 
0 €09'0 
0*3S'O 
OE63'0 
0€43'0 
038E.0 
0 €3€'0 
0612'0 
OCS1'0 

11 
01 
6 
8 
L 
9 
S 
3 
E 
z 
1 

3 
E 
z 
1 

9L 
52 
32 
E2 
zz 
12 
02 
61 

11 
91 
S1 
CI 
El 
21 
11 
01 
6 
8 
L 
9 
S 
3 
E 
2 
1 

e1 

€211 S6E 

LE131 161 

ooeoz-o 

0 00 2 0 '0, 

00E00'0 
OOEOO '0 

006 10 '0 
00*10'0 
66110'0 
OtE00'0 
0€160 '0 
OOEEO '0 
OOE 1 1'0 
eeboo -0 
oe(roo -0 
061 €0'0 
001 1 2 '0 
009E 2 '0 
001 2t'O 
001*0 '0 
01910'0 

00210'0 
09100'0 
00660'0 

0001 1 '0 
00110'0 
00680'0 
OOSIK'O 
00310'0 
009Cl'O 

o oe €0 -0 

ooe zo -0 

0 OEO'O 
0012'2 
0991'2 
0 100'2 
0948'1 
(r999'1 
OSlE'l 
OREZ'I 
590C'l 
S86K'I 
ssz1-1 
1650'1 
0 226'0 
OC16'0 
0 OSR'O 
0 061 '0 
OOLL'O 
001L'O 
OOOQ'O 
0 099'0 
0 OE'r'O 
OOSE'O 
OOEE'O 
06LZ'O 
00s2-0 
0 0€2 '0 
0 002'0 
0081'0 
OSEl'O 
0201'0 

tA3W I 
13NjN3 

OE 
62 

12 
92 
SZ 
32 
E2 
22 
12 
02 
61 

L1 
91 
SI 
31 
€I 
21 
11 
01 
6 
8 
L 
9 
S 
'I 
E 
z 
1 WlE131 5991 

ez 

e1 

'ON 301 13nNUIOVM X30NI 



I N O F X  R A D I O N l l C L I ~ E  NO. 

374 1174 

399 1 1 7 5  

1 
2 
3 
4 
5 
6 
7 

9 
1 0  
11 
1 2  
13 
1 4  
1 5  
1 6  
17 
1 8  
1 9  
7 0  
2 1  
2 2  
7 3  
2 4  
2 5  
7 6  
2 7  
28 
2 9  
3 0  

1 
2 
3 
4 
5 
6 

a 

E NEKGY 
( N E V I  

0.028 0 
0.511 0 
0.541 2 
0.5Y7 4 
0.60L 7 

0.722 8 
0.Y6dZ 
1.0451 
1.0340 
1.3245 
1.3bM2 
1.3763 
1.4891 
1.5095 
1.5598 
1.6377 
1.6758 
1.691 0 
1.7203 
1.8514 
1.Y187 
2.036 3 

2.0910 
2.0Y91 
7.1443 
2.232 3 
2.283 3 
2.7459 

0.035 5 
0.0175 
0.0272 
0.031 0 
0.031 M 
0.003 8 

0.642 a 

2.0789 

TABLE 3-1F (continued] 

I N T E N S I T Y  
( F R A C T I C N )  

INOF X 

0.57000 1 7 5  
0.46000 
0.00200 
0.00200 
0.62000 
0.01000 
0.10200 
0.00400 
0.00400 
0.00100 
0.01500 
0.00300 
0.01700 
0.00200 
0.03100 
0.00200 
0.00200 
0.00 100 
0.10700 
0.00200 
0.00200 
0.00200 
0.00400 
0.00400 
0.00600 
0.00 100 
0.00 100 
0.00600 
0.00100 
0.00500 

RADIClNlJCLIDE NO. 

1126 1 
7 
3 
4 
5 
6 
7 
8 
Y 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

0.06800 
0.73800 

0.19900 
0.04100 
0.21500 

0.37800 
187 1 1 3 1  

17d 1179 

388 1130 

1 
2 
3 
4 
5 
6 

I 
2 
3 
4 
5 
6 
7 
8 
9 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  

FNFRGY 
I M F V )  

0.5110 
O . 6 h f O  
0.150d 
1.6230 
0.0275 
0,0272 
0.0310 
O.i)318 
0.0036 
0.3860 
0.4600 
0. MbO 0 
0.U298 
0.02Y 5 
0.0336 
0.004 1 

0.0396 

0.02Y 5 
0.033 4 
0.034 b 
0.0041 

0.143’4 
G.53d0 
0.669 0 
0.743 0 
1.1500 
0.029 8 
0.0295 
0.0336 
0.0041 

0.0041 0.0304 

0.0816 
0.1772 0.272 3 

0.2843 
0.3180 
0.3257 
0.364 3 
0.405 0 
0.502% 
0.0369 
0.643 0 
0.722 9 

0 . 0 2 ~  a 

I N T E N S I T Y  
I F R A C T I C N I  

0.02600 
0.32800 
0.03600 
0.00400 
0.22500 
0.11500 
0.06100 
0.01 300 
0.06300 
0.33500 
0.04200 
0.00800 
0.00300 
0.00 100 
0.00100 
0.00100 

0.03856 
0.40353 
0.20822 
0.11137 
0.02340 
0.11 884 

0.34600 
0.99 300 
0.99600 
0.86 700 
0.1z000 
0. 00800 
0.00400 
0.00 200 
0.00200 

0.00900 
0. 04900 
0.02500 
0.00300 
0.00 100 
0.05000 
0.00100 
0.00300 
0.82400 
0.00 100 
0.00300 
0.06900 
0.00200 
0.01600 



TABLE 3-1F (con t i nued ) 

I N O F X  RAO1ONUCI. IDE NO. 

197 1137 1 
2 
3 
4 
5 
h 
7 
R 
9 

1 0  
11  
1 2  
1 3  
1 4  
1 5  
16 
1 7  
1 8  
1 9  
7 0  
7 1  
72  
2 3  
7 4  
75 
7 6  
7 7  
2 8  
2 9  
30 

1 
7 
3 
4 
5 
6 
7 

196 I 1 3 3  

EN‘ENLY 
I M F V l  

0.3732 
0.5039 

0.547 1 
0.021 0 
0.0307 
0.6506 
0.667 7 
0.6098 
0.6710 
0.727 1 
0.7726 
0.7~10 2 
O.UOYU 
0.8122 
0.875 8 
0.9103 
0.9545 
1.1360 
1.1434 
1.1732 
1.2907 
1.7993 
1.29dZ 
1.372L 
1.3Yd6 
1.4426 
1.757 5 
1.921 1 
2.002 3 

0.5300 
0,7130 
0.8700 
0 .0100  
1.0500 
1.2400 
1.3000 

n . 5 2 ~ 6  

I l v T E h S l T Y  
( F R A C T I C N )  

0.710OO 
0.05200 
0.16500 
0.01300 
0.02000 
0.14100 
0.02700 
1.01300 
0.05100 
0.05400 
0.06700 
0.780CO 
0.01300 
0.02900 

0.01100 
0.00900 
0.18500 
0.03000 
0.01400 
0.0 1100 
0. OlZOO 
0.02 000 
0.00900 
0.02500 
0.07300 
0.01500 
0.00400 
0.01200 
0.01 100 

0.92000 
0.02000 
0 . 0 8 C O O  
0.01000 
0.0 1000 
0.02000 
0.04000 

0.05aoo 

I N O F X  R A D I n N l l C L l O E  N n .  

7 0 9  I134  1 
2 
3 
4 
5 
6 
7 
A 
9 

10 
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
70 
2 1  
2 2  
7 3  
24  

707 I 135 1 
z 
3 

F h E K G  Y 
I M E V )  

0.1400 
0.3YSO 
0.4100 

0.5100 
0.5430 
0.6100 
0.61100 
0.750 0 
0.770 0 
0.6480 
0. d60 0 
C.8900 . 
0.0041 
0.965 0 
1.0000 
1.3730 
0.0296 
1.1500 
1.4630 
1.4’430 
1.6200 
1.7900 

o . 4 ~  o 

0.033 b 

0.4200 
1.2800 
1.6900 
0.860 0 
1.0400 
1.1400 
1.4000 
1.4650 

I &TENS I TY 
I FR ACT I ON I 

0.03000 
0.07000 
0.00500 
0.03000 
0.01000 
0.08c00 
0.18000 
0.07000 
0.01000 
0.06COO 
0.94770 
0.04500 
0.70860 
0.00045 
0.02000 
0.04500 
0.18000 
0.00226 
0.09500 
0.03500 
0.01000 
0.04990 
0.0 5000 
0.00041 

0.06900 
0.34COO 
0.19000 
0.11000 
0.09000 
0.37000 
0.12coo 
0.11000 

W 
1 
a3 
0) 



TABLE 3-1F (continued] 

INDEX RAOIONUCLIDE NO. 

206 1136 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
12  
13 
1 4  
1 5  
16  
17 
18 
1 9  
20  

I R A  XF131M 

197 XF131M 

198 XF133 

204 XF135 

1 
2 
3 

1 
2 
3 

1 
2 
3 
4 
5 

1 
2 
3 

1 
2 
3 
4 
5 
6 
7 
R 

ENERGI 
i m w )  

0.2000 
0.390 0 
0.5300 
0.7100 
1.0000 
1.3200 
1.3200 
1.5500 
1.7700 
1.9100 
2.2500 
2.4000 
2.6300 
2.8430 
3.200 0 
0.029 8 
0.02Y 4 
0.0336 
0.0346 
0.004 1 

0.004 1 
0.0304 
0.1040 

0.0041 
0.0304 
0.2328 

0.004 3 
0.0316 
0.0796 
0.0810 
0.1656 

0.004 1 
0,030 4 
0.5274 

0.004 3 
0.031 6 
0.1585 
0.2498 
0.3586 
O.uO8L 
0.60d6 
0.812 6 

I NT E NS I T Y  
4 FRACTICN) 

0.10704 
0.19000 
0.04000 
0.03000 
0.06000 
0.69936 
0.24970 
0.03997 
0.02000 
0.05000 
0.07000 
0.12000 
0.10F97 
0.07598 
0.05000 
0.05590 
0.02880 
0.00154 
0.00032 
0.00186 

0.11 700 
0.5 3600 
0.01900 

O . l l C O 0  
0.55800 
0.09900 

0.08000 
0.47000 
0.00200 
0.36100 
0.00 100 

0.02400 
0.13600 
0.80500 

0.00900 
0.05000 
0.00200 
0.90400 
0.00200 
0.00300 
0 .02400  
0.00 100 

INDEX 

209 

RADIONUCL IOE NO. 

XE137 1 
z 
3 
4 
5 
6 
7 
8 
9 

10 
11  
1 2  
1 3  

213 XFl3R 

3 2 7  CS134 

1 
7 
3 
4 
5 
6 
7 
R 
9 

1 0  
11  
12 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11  
12 
13  
14 

ENERGY 
I H E V )  

0.031 6 
0.3940 
0.456 0 

0.982 0 
1.1170 
1.2750 
1.5760 
1.6150 
1.7840 
1.9180 
2.3960 
2.8520 

0.0154 
0.033 0 
0.1172 
0.1532 
0.2222 
0.242 8 

0.396 5 
0.4346 
1.7730 
2.0130 
0.401 7 

0.4756 
0.5631 
0.5693 
0.6068 

0.801 9 
1.0332 
1.16d4 
1.3654 
0.0322 
0,031 8 
0.0364 

~ 0.0374 
0.0015 

0. a49 o 

0.2582 

n. 7960 

INTENSITY 
( FRACTlCNl 

0.00300 
0.00200 
0.30000 
0.00700 
0.00200 
0.00200 
0.00300 
0.00200 
0.00200 
0.00500 
0.00 100 
0.00100 
0.00300 

0.45800 
0.05700, 
0.05880 
0.12000 
0.02480 
0.03300 
0.37000 
0.05500 
0.17000 
0.14000 
0.14800 
0.03 100 

0.01583 
0.08539 
0.13175 
0,96939 
0.86742 
0.07876 
0.00598 
0.01998 
0.0 349 7 
0.00421 
0.00218 
0.00119 
0.0 0 0 2 5 
0.00 139 

W 
I 



TABLE 3-1F 

INDEX RAOIONUCLIOE NO. 

207 C S l 3 6  1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  

714 tS138 

217 tS139 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  

1 
7 
3 
4 
5 
6 
7 
8 
9 

11  
1 2  

i n  

ENERGY 
(MEVJ 

0.067 0 
0.086 0 
0.1530 
0.164 0 
0.1760 
0.2730 
0.340 0 
0.8180 
1.0530 
1.2400 
0.032 2 
0.031 8 
0.0364 
0.0374 
0.0Oh 5 

0.1389 

0.2289 
0.1939 

0.4106 
0.4626 
0. 550 0 
0.8700 
1.0100 
1.4260 
2.2100 
2.6300 
3.3400 
0.0322 
0.031 8 

o.arro0 
1.2800 
1.6800 
1.9100 
2.0930 
2.3000 
2.4G30 
2.5400 
2.6850 
2.9630 
3.3700 
3.6800 

I NTE NS I TV 
t FRACT IGNI 

0. 0897 1 
0.04542 
0.08518 
0.05494 
0.13668 
0.12239 
0.45419 
0.99640 
0.79553 
0.18181 
0.06465 
0.03355 
0.01 823 
0.00388 
0.03200 

0.01900 
0.00800 
0.01600 
0.03000 
0.23000 
0.08000 
0.04000 
0.25000 
0.72940 
0.l8000 
0.09000 
0.00500 
0.00030 
0.00010 

0.01800 
0.08000 
0.01300 
0.00600 
0.00600 
0.00200 
0.00600 
0.00300 
0.00400 
0.00200 
0.00 200 
0.00200 

(continued) 

INDEX RAOIONlJCLIDE NO. 

4 0 0  RA133 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11  
1 2  
1 3  
1 4  

211 RA137H 

218 RA139 

721 R A 1 4 0  

1 
2 
3 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
13  
1 4  
1 5  
1 6  
1 7  

ENERGY 
( M E V I  

0.0540 
0.0795 
0.0~10 
0.161 0 
0.2200 
0.2760 
0.3020 
0.3560 
0.3820 
0.031 0 
0.0306 
0.0350 
0.0360 
0.004 3 

0. ooc 5 
0.0329 
0.661 6 

0.1658 
1.2700 
1.4300 
0.0333 
0.0380 
0.0047 

0.0046 
0.013 8 
0.0300 
0.034 1 
0.1327 
0.162 9 
0.1770 
0.3048 
0.4237 
0.4375 
0.466 0 
0.4980 
0.5120 
0.5374 
0.6020 
0.6370 
0.h610 

INTENSITY 
i FRACT ICNI  

0.01500 
0.05200 
0.35000 
0.01300 
0.00 100 
0.04700 
0.16300 
0.58600 
0.05900 
0.54900 
0.28400 
0.15300 
0.03200 
0.24100 

0.0 1300 
0.06900 
0.84600 

0.27000 
0.00070 
0.00430 
0.03450 
0.00780 
0.00790 

0.18000 
0.01 300 
0.14000 
0.01200 
0.00200 
0.06200 
0.00200 
0.04500 
0.03200 
0.02 100 
0.00200 
0.00400 
0.00300 
0.23800 
0.00600 
0.00300 
0.00700 

w 
1 
u3 
0 



TABLE 3-1F (continued) 

INnFX RAOIONUCLInE NO. 

722 LA140 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
7 0  
2 1  
22  
2 3  
24  

727 t E 1 4 1  1 
2 
3 

ENFRGY 
IME'J) 

0.OOCd 
0.035 5 

0.1094 
0.1311 
0.1735 
0.2420 
0.2665 
0.3069 
0.32b 8 
0.397 d 
0.4325 
0.4670 
c. 751 8 

0.66Z Lc 
O.YlY6 
0.9252 
0.9535 
1.5966 
2.3484 
2.5220 
2.5479 

o .06a~ 

0. a i s  8 

2. a99 7 

0.005 0 
0.030 7 
0.149 4 

I N T E N S I T Y  
(FRACTICN) 

0.00300 
0.01 500 
0.00100 
0.00200 
0.00800 
0.00 100 
0.00600 
0.00700 
0.00100 
0.2 1000 
0.00100 
0.03300 
0.45000 
0.04400 
0.23 100 
0.05 500 
0.02500 
0.06900 
0.00600 
0.95600 
0.00900 
0.03000 
0.00 100 
0.00 100 

0.03200 
0.16600 
0.4YOOO 

INDEX 

236 

RADIONUCLIDE NO. 

CF143 1 
7 
3 
4 
5 
6 
7 
8 
9 

1 0  
11  
1 2  
1 3  
1 4  
1 5  
16  
1 7  
1 8  
1 9  
2 0  
7 1  
7 2  
23 
2 4  
2 5  

. 7 6  
2 7  
2 8  
2 9  
3 0  

739 PR144 I 
2 
3 

ENFRGV 
( M E V I  

0.0514 0.1400 

0.231 7 
0.2933 
0.3507 
0.372 0 
0.3YOO 
0.4340 
0.44d0 
0.4905 
0.4990 
0.5570 
0.5d70 
0.6b40 
0.77LO 
0.6090 
0. a810 
0.9370 
1.0030 
1.0310 
1.04b0 
1.061 0 
1.1030 
1.3240 
1.340 0 
0.036 0 
0.0356 
0.040 7 
0.0420 
0.005 1 

0.0050 
0.033 6 
0.0367 
0,0409 
0.0534 
0.0~0 1 
0.1335 

0.6965 
1.4871 
2.1857 

I N T E N S I T Y  
I F R A C T  I CN I 

0.10947 
0.00093 
0.0228 1 
0.45610 
0.03584 
0.00029 
I). 00030 

O.OOOY8 
0.02 168 
0.00070 
0.00050 
0.00326 
0.06456 
0.06475 
0.00050 
0.01195 
0.00040 
0.00003 
0.00030 
0.00020 
0.00050 
0.00520 
0.00020 
0.00003 
0.32905 
0.17193 
0.09559 
0.02073 
0.11 745 

0.001a5 

0.02100 
0.00200 
0.09000 
0.00400 
0.00100 
0.01 500 
0.10800 

0.0 1500 
0.00300 
0.00700 



TABLE 3-1F (continued) 

I N n F X  R A O I n N U C L l O E  NO. 

746 ND147 

406 PM148M 

1 
z 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
19 
? O  
2 1  

1 
7 
3 
4 
5 
fl 

7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 
2 1  
2 2  
2 3  
7 4  
2 5  

ENFHGY 
( C F V I  

O . O l d 8  
0.091 1 
O.lL05 
0.1549 
0.19tBo 
0.2754 
0.3194 
0.39d2 
0.4105 
0.43Y 3 
O.4dY3 

0.5893 
0.!194H 
0.6804 
0.683 9 

0.0382 
0.0449 
0.045 2 
0.005 5 

0.098 5 
0.1695 
0.78d6 
0.311 7 
0.414 1 
0.432 7 
0.501 I 
0.550 1 
0.59Y5 
0.611 1 
0.020 9 
0.7256 
0.9144 
1.0137 
0.040 1 
0.03Y 3 
0.045 4 
0.04b ti 
0.005 8 
0.075 7 
0.03d 7 
0.0382 
0.043 0 
0.045 2 
0.005 5 

0.>31 0 

0.03d7 

I N T E N S I T Y  
I F  R ACT I ON 1 

0.00012 
0.27815 
0.00451 
0.0002 1 
0.00186 
0.00905 
0.02038 
0.00869 
0.00186 
0.01 192 
0.00127 
0.13267 
0.00029 
0.00268 
0.00020 
0.00783 
0.23556 
0.12367 
0.06 996 
0.01531 
0.08986 

0.03623 
0.01168 
0.12190 
0.03947 

0.05396 
0.06870 
0.94443 
0.12464 
0.05485 
0.89256 
0.32334 
0.18643 
0.20051 
0.04110 
0.02 162 
0.01233 
0.00271 
0.01618 
0.0 102 1 
0.01459 
0.00766 
0.00433 
0.00095 
0.01173 

0.18475 

INDEX R AOInNUCL IO€ 

4Q7 PM148 

755 SM151 

760 FU154 

NO. 

I 
z 
3 
4 
5 
6 
7 
8 
9 

1 
7 

I 
2 
3 
4. 
5 
6 
7. 
8 
9 

10 
I 1  
1 2  
1 3  
1 4  
1 5  
16 
1 7  
1 8  
19 
20 
2 1  
22  
7 3  
2 4  
2 5  
76 
2 7  
2 8  
7 9  
30 

ENFAGY 
( M E V )  

0.550 1 
0.011 1 
O.YlC9 
1.465 1 
0.040 1 
0.0395 
0.0424 
0,045 d 
0.005 8 

0.0216 
0.006 0 

0.123 n.145 o 1 

O.ltld2 
0.’2480 
0.322 0 
0.4300 
0.47~30 
0.550 0 
0.5900 
0,620 0 
0.0700 
0.6’324 
0.722 3 
G .  7569 
0. d30 0 
0.8732 
O.tlJ.2 7 
0.90C 0 
0.Y903 

1.0413 
1.1300 
1.1700 
1.2470 
1.2744 
l.’+Y30 
1.5965 
0.0430 
0.04Y 0 
O.OOb2 

i.oo.+n 

I N T E  h‘S 1 TY 
( F 9 A C T  ICY) 

0,25987 
0.01246 
0.13563 
0.23987 
0.001 18 
0.00062 
0.00035 
0.00008 
0.00047 

0.0006 1 
0.00236 

0.40102 
0.00024 
0.00228 
0.06532 
0.00067 
0.00711 
0.00281 
0.00297 
0.05668 
0.00399 
0.00217 
0.01699 
0.19076 
0.04338 
0.01006 
0.11771 
0.00538 
0.00819 
0.10301 
0.17352 
0.00050 
0.05910 
0.00121 
0.00829 
0.35504 
0.00650 
0.01 719 
0.19960 
0.04894 
0.08064 

0 
1 

N 



INOEX R A O I O N U C L I O F  NO. 

267 EU155 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
1 4  
1 5  
16 

264 Et1156 

33? Gn167 

1 
2 
3 
4 
5 
6 
7 a 
9 

10 
11 
12 
1 3  
14 
1 5  
1 6  
1 7  
18  
19 
7 0  
7 1  
72 
23 

1 
2 .  
3 
4 
5 
6 
7 
8 

ENERGY 
( M E V )  

0.0104 
0.0188 
0.026 5 
0.031 4 
0.045 3 
0.0580 
0.0602 
0.0860 
0.0865 
0.1053 
0.1460 
0.0440 
0.042 3 
0.048 7 
0.050 2 
0.0062 

o.oa90 
0.1992 

0.500 0 
0.5995 
0.6462 
0.7200 
0.811 6 
0.61700 
0.961 0 
1.0600 
1.1300 
1.1500 
1.2400 
1.3660 
1.6700 
1.8770 
1.937 0 
1.9656 
1 .0260  
2.0975 
2.181 0 
2.1865 

n. 430 o 

0.0386 
0.402 8 
0.4416 
0.046 5 
0.043 7 
0.0504 
0.0520 
0.0065 

TABLE 3-1F (continued) 

I NTE NS I TY 
4 FRACTICNI 

0.00004 
0.00046 
0.00330 
0.00007 
0.01352 
0.00070 
0.01 196 
0.00 132 
0.32 774 
0.21899 
0.00054 
0.12406 
0.06563 
0.03 784 
0.00844 
0.09228 

O. lO800  
0.01800 
0.00540 
0.01000 
0.01800 
0.06500 
0.06 100 
0.09500 
0.01600 
0.03200 
0.10600 
0.13500 
0.15300 
0.18000 
0.01 600 
0.00540 
0.02000 
0.02900 
0.04500 
0.03200 
0.04100 
0.03600 
0.02 300 

0.06726 
0.46 122 
0.53149 
0.00298 
0.00158 
0.00092 
0.00021 
0.0621 1 

I N D E X  RAOIONUCLIOE NO. 

?7? TR160 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
1 4  
15 
1 6  
1 7  
18 
19 
2 0  
21  
22 
23 
24  
2 5  
26  
27 
28 
2 9  
3 0  

ENERGY 
( HEVI 

0.0858 
O.OY39 
0.2156 0.1970 

0.2306 
0.2465 
0.2986 
0.3096 
0.3374 
0.349 9 
0.3794 
0.3925 
0.432 (I 

0.46162 

0.7652 

0.8793 
0.9661 
1.0030 
0.009 1 
1.1150 
1.1779 
1.1990 
1.2720 
1.3120 
0.046 0 
0.0452 
0.0522 
0.006 7 

0.602 3 

0.872 o 

I N T E N S I T Y  
( F R A C T I C N )  

0.13241 
0.00033 
0.04882 
0.03700 
0.00068 
0.00019 
0.25589 
0.00777 
0.00326 
0.00128 
0.00129 
0.01288 
0.00010 
0.00099 
0.00514 
0.01826 
0.00268 
a.28464 
0.33600 
0.00979 
0.00110 
0.0 1980 
0.14856 
0.02358 
i). 07510 
0.02860 
0.10757 
0.05723 
0.04088 
0.10699 

w 
I 
u3 
w 



TABLE 3-1F (continued) 

INDEX RADIONUCL IOE NO. 

341 TA182 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
19  
7 0  
2 1  
22 
23  
? 4  
25 
2 6  
2 7  
28  
29  
3 0  

291 UlR7 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

ENERGV 
(HEV)  

0.0650 
0.067 7 
0.1000 
0.1140 
0.1524 
0.1564 
0.1794 
0.1984 
0.222 1 
0.2293 
0.264 1 
0. (193 0 

0.960 0 
1.0020 
1.0450 
1.1220 
1.1580 
1.1890 
1.2220 
1.2310 
1.2580 
1.2740 
1.2890 
1.3430 
1.3740 
1.4530 
0.059 0 
0.0670 
0.0130 

0.0720 
0.1066 
0.1137 
0.1362 
0.2062 
0.2391 
0.2460 
0.2522 
0.479 8 
0.5125 
0.551 7 

0.928 o 

1 NTENSITY 
(FRACTION) 

0.02900 
0.42952 
0.17000 
0.05400 
0.06824 
0.02769 
0.03330 
0.0 1504 
0.07244 
0.03325 
0.03194 
0.00 100 
0.00696 
0.00296 
0.02091 
0.00399 
0.34869 
0.0 1393 
0.15922 
0.2791 5 
0.11969 
0.01595 
0.00798 
0.01384 
0.00199 
0.00299 
0.00099 
0.19600 

0.24000 

0.10682 
0.00275 
0.00109 
0.08584 
0.00064 
0.00097 
0.00110 
0.00200 
0.23309 
0.01 858 
0.04966 

0.07400 

I NDE X 

370 

RADIONUCLIOE NO. 

AU19SM 1 
2 
3 
4 
5 
6 
7 
R 
9 

1 0  

779 AU195 

28R AU198 

389 AU199 

397 HG197 

301 HG203 

300 T1.7C4 

8 
9 

10 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  

1 
2 
3 
4 
5 

ENERGY 
( H E V I  

O.OL15 
0.2000 
0.2610 
0.0688 
0.067 0 

0.0807 
0.009 7 
0.011 5 
0.0134 

0.0309 
0.098 8 
0.129 7 
0.0668 
0.065 1 
0.075 7 
0.07d4 
0.0094 
0.011 1 
0.012 9 

0.0100 
0.0725 
0.411 8 
0.6759 
1.0877 

0.049 8 
0.1584 
0.2082 
0.07Jd 
0.068 9 
O.Oa03  
0.0831 
0.0100 
0.0118 
0.0138 

0.009 7 
0.0704 
0.0773 
O.lY15 
0.2680 

0.0103 
0.0746 
0.2792 

0.0130 
0.072 5 

0.078 o 

INTENSITY 
(FRACTICNI 

0.00200 
0.01500 
0.67900 
0.11600 
0.06400 
0.04000 
0.01 100 
0.17700 
0.16700 
0.02200 

0.00100 
0.11900 
0.01000 
0.56100 
0.29800 
0.18300 
0.04800 
0.29200 
0.27500 
0.03700 

0.01 300 
0.02800 
0.95500 
0.01000 
0.00200 

0.00300 
0.39600 
0.09800 
0.08400 
0.04600 
0.02900 
0.00800 
0.06700 
0.06300 
0.00800 

0.71800 0.5 1800 

0.19500 
0.00600 
0.00100 

0.05600 
0.12800 
0.81500 

0.00800 
0.01500 

W 
I 

U Y  
P 



I N D E X  R A 0 f t l N l l C l l 0 E  NO. 

476 T I  708 1 
2 
3 
4 
5 
6 
7 
8 
9 

s i a  TL710 

296 PR204N 

299 PR710 

4 5 5  P R 7 1 2  

1 0  
11 
12 
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  

1 

1 
2 
3 
4 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 

E NEKGY 
IMEVI 

0.0410 
0.211 0 
0.233 0 
0.2530 
0.2770 
0.486 0 
0. >110 
0.5830 
0.7630 
0.d60O 
1.0Y40 
2.6130 
0.0749 
0.072 7 
0.0849 
0.0879 
0.0105 
0.0126 
0.0148 

0.0650 

0.2bJ 2 
0.374 7 
0.622 2 
0. U9Y 1 
O . Y l 1 7  

0.0465 
0.0108 

0.0152 

0.1150 
0.177 0 
0.2386 
0.3006 
0.077 1 
0.0748 
0.087 4 
O.OY05 

0.0130 
0.0132 

0.0130 

c.oion 

TABLE 3-1F 

I N T E N S I  TY 
( F R A C T I O N )  

0.00300 
0.00300 
0.00200 
0.00800 
0 .0bF00  
0.00500 
0.22900 
0.85200 
0.01900 
0.11700 
0.00600 
0.99800 
0.03000 
0.01 700 
0.01 100 
0.00300 
0.0 1200 
0.01200 
0.00200 

0.00011 

0.00200 
0.89500 
0.00220 
0.99000 
0.94000 

0.0403 7 
0.11332 
0.10617 
0.01429 

0.00600 
0.00200 
0.45900 
0.02900 
0.16200 
0.09000 
0.05800 
0.01700 
0.06600 
0.06200 
0.00800 

(continued) 

INDFX R A O l f l N U t L  I D €  VO. 

515 PB714 1 
z 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
1 4  
1 5  

457 R1212 1 
7 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  

E NFRGY 
M E V l  

0.055 2 
0.2060 
0.241 Y 
0.25d9 
0.2952 
0.3520 

0.7770 
0.071 1 
0.0748 
0.087 4 
0.090 5 
0.0106 
0.0130 
0.0152 

0.043 0 
0.2670 
0.3270 
0.4533 
0.0722 
0.0103 
0.0122 
0.0143 
0.7270 
0.7850 
O.dY30 
0. Y53 0 
1.0740 
1.3400 
1.5130 
1.0200 
0.079Y 
0.0759 
0.0907 

0.4ni o 

I NT ENS I TY 
(FR ACT1 CN) 

0.01159 
0.00062 
0.07828 
0.00392 
0.20088 
0.36042 
0.00618 
0.00500 
0.10512 
0.05823 
0.03758 
0.01104 
0.06511 
0.06100 
0.00821 

0.00900 
0.00300 
0.00 100 
0.00400 
0.00100 
0.03600 
0.03500 
0.00500 
0.07 100 
0.01 000 
0.00400 
0.00 100 
0.00700 
0.00100 
0.00300 
0.0 1700 
0.00200 
0.00100 
0.00100 



TABLE 3-1F (continued) 

INDEX RADIONUCLIDE NO. 

516 81214 

517 ~1-1214 

513 ~ 1 3 2 1 ~  

5 0 8  RN2?0 

519 RN??? 

460 RA224 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
14 
1 5  
1 6  
17 
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
7 9  
30 

1 

1 

1 

1 

1 
2 
3 
4 
5 
6 

ENERGY 
(MEV) 

0.2732 
0.3868 
0.489 Y 
0.6094 
0.659 8 
0.7103 
0.772 0 
0.8063 
0.9348 
1.1349 
1.1204 
1.2383 
1.2925 
1.3782 
1.408 0 
1.5359 
1.7029 
1.7644 
1.8562 
2.0927 
2.1600 
2.2042 
2.253 5 
2.4050 
2.4400 
0.07d4 

0.093 1 
0.011 1 
0.013 7 

0.795 0 

0.8370 

0.5500 

0.5120 

0.241 0 
0,083 8 
O.Odl1 
0.095 7 
0.0117 
0.0145 

o.on98 

INTENSITY 
FRACT I EN) 

0.04795 
0.02500 
0.02300 
0.41143 
0.04400 
0.01674 
0.06706 
0.01584 
0.02634 
0.02569 
0. I 4 3 7 2  
0.04925 
0.01898 
0.04679 
0.02379 
0.05367 
0.03649 
0.16411 
0.02508 
0.0208 1 
0.01100 
0.05202 
0.01 197 
0.00300 
0.01700 
0.0 1404 
0.00325 
0.00098 
0.00413 
0.00439 

0.00014 

0.0001 1 

0.00065 

0.00076 

0.04000 
0.00200 
0.00100 
0.00100 
0.00200 
0.00200 

INDEX 

348 

46 1 

463 

RADIONUCL ID€ NO. 

RA226 1 
2 
3 
4 
5 
6 
7 
8 

RA278 1 

At328 I 
2 

352 TH228 

355 TH230 

3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  

1 
2 

1 
2 

ENEPCY 
(HEVJ 

0.185 7 
0.0838 
0.081 1 
0.0095 
0.0984 
0.011 7 
0.0142 
0.015LI 

0.0316 

0.050 0 
0.1150 
0.2000 
0.303 0 
0.4000 
0.7000 
0. a50 0 
0.9500 
1.4640 
1.5030 
1.5930 
1.6420 

0.0845 
0.1320 
0.1blO 
0.2149 
0,012 3 
0.015 1 
0.017tl 
0. 08Y 9 

0.067 ti 
0.1410 
0.1840 
0.2530 
0.0123 

0.017a 
n.015 1 

I NT E NS I TY 
(FRACTICNI 

0.03323 
0.00345 
0.00193 
0.00 126 
0.00040 
0.00319 
0.00299 
0.00040 

1.00000 

0.25000 
0.16200 
0.08210 
0.11500 
0.07260 
0.05420 
0.03220 
0.42200 
0.01 100 
0.02500 
0.04500 
0.02400 

0.01300 
0.00200 
0.00100 
0.00300 
0.04400 
0.04100 
0.00600 
0.00100 

0.00388 
0.00036 
0.00013 
0.00016 
0.03749 
0.03512 
0.00473 

w 
'ID m 



l N D f X  RAOlONUCLIDF NO. 

465 i n 2 3 1  1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
19 
20 
7 1  
22 
7 3  
2 4  

356 TH234 

1 
2 
3 
4 

FNEkGY 
( N E V I  

0 . 0 1 7 ~  
0.018 1 
0.0256 
0.042 6 
0.0585 
0.072 7 
0.081 2 
0.082 1 
0.0842 
0. OaY 9 
0.099 3 
0.1022 
0.12CY 
0.1459 
0.1631 
0.1741 
0.1834 
0.0Y59 
0.092 3 
0.108l. 
0.112a 
0.0133 
0.0165 
0.0196 

0.0590 
0.012 4 
0.0151 
0.0178 

0.063 2 
0 .0636  
0.093 1 
0.0935 
0.0133 
0.016 5 
0.0196 

TABLE 3-1F (continued) 

l N T E N S I T Y  
LFRACTIPN) 

0.16500 
0.10100 
0.12135 
0.00050 
0.00454 
0.00240 
0.01116 
0.00579 
0.06941 
0.01 100 
0.01988 
0.00490 
0.00070 
0.00 130 
0.00 18 1 
0.00020 
0.00040 
0.00337 
0.00 190 
0.00128 
0.00045 
0.2 8642 
0.26835 
0.03612 

0.00200 
0.03600 
0.03400 
0.00500 

0.00037 
0.00925 
0.01753 
0.04875 
0.02133 
0.01998 
0.00269 

INOFX 

3 5 8  

354 

RADIONUCLIDE N l l .  

PA231 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 R  
1 9  
7 0  

PA734C 1 
2 
3 

5 
6 
7 
R 
9 

10 
11 
1 2  
1 3  
1 4  
15  

4 -  

ENEkGY 
( H E V )  

0.02t )S 
0.043 4 
0.0579 
0.0753 
O.OCl66 
0.103CI 
0.2710 
0.3002 
0 . 5 l l Y  
0.3405 
0.3754 
0.3986 
0.4159 
O.OY7Y 
0- 094 1 
0.1107 
0.1150 
0.0136 
0.5170 
0.0202 

O.iI133 
0.0165 
0.0190 
0.2550 
0.7460 
0.7650 
0.7YOO 
1.0010 

0.094 1 
0.1107 

0. a97 9 

0.1150 0.0136 

0.0170 
0.0202 

lNTENSITY 
(FRACT ICNI 

a. o o a o  
0.00020 
0.00010 
0.00800 
0.0 1700 
0.00690 
0.00250 
0.06270 
0.34000 
0.05570 
0.00560 

0.0 1490 
0.16410 
0.09270 
0.06270 
0.02270 
0.18850 
0.17660 
0.02380 

0,01100 

0.001121 
0.00020 
0.00010 
O.OOC47 
0.00020 
0.00354 
0.00030 
0.00592 
0.00203 
0.001 15 

0.00028 
0.00244 
0.00228 
0.0003 1 

o.00078 

w 
I 
rD 
U 



TABLE 3-1 F (continued) 

I N n E X  RAOIONUCLIDE NO. 

409 PA134 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
1 2  
1 3  
1 4  
1 5  
16 
1 7  
1 8  
19  
10 
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
7 7  
1 8  
2 9  
30 

359 U232 

ENERGY 
(NEVI 

0.0435 
0,1030 
0.1260 
0.1530 
0.1660 
0.197 0 
0.2240 
0.2200 
0.2870 
0.3690 
0,565 0 
0.7910 
0.822 0 
0. 873 0 

0.8780 
0.9200 
0.961 0 
0.9750 
1.0200 
0.2080 
0.340 0 
1.1300 
1.3400 
1.4100 
1.6200 
1.6500 
0.096 0 
0.1110 
0.0150 

0.057 5 
0.1290 
0.0130 
0.0160 
0 . 0 1 Y  0 

0.9750 

I N T E N S I T Y  
(FRACTION)  

0.00134 

0.28829 

0.05000 
0.00722 
0.02400 
0.11891 
0.11000 
0.05217 
0.15000 
0.04653 

0.08274 
0.00277 
0.08281 
0.16990 
0.08356 
0.08150 
0.08000 
0.16000 
0.09110 
0.03000 
0.02000 
0.06000 
0.03000 
1.00000 
0.28200 
0.09390 
0.77960 

0.00200 
0.00100 
0.05 100 
0.04800 
0.00600 

0.04242 

0.01291 

0.08197 

1NOEX RAOIONUCLIDE NO. 

353 U233 1 
2 
3 

338 1J234 

3 3 9  11235 

468 (1736 

4 
5 
6 
7 
8 
9 

10 
11  
1 2  
1 3  
1 4  
1 5  
I 6  
1 7  
1 8  
1 9  

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
16 
I7 
1 8  
1 9  

1 
z 
3 
4 

ENERGY 
t HEU) 

0.029 0 
0.0424 
0.0546 
0.071 6 
0.097 1 
0.1207 
0. 1240 
0.1353 
0.1645 
0.2454 
0.2484 
0.2745 
0.2779 
0.291 2 
0.3168 
0.3202 
0,0130 
0.0160 
0.0190 

0,0533 
0.1209 
0.0130 
0.015 0 
0.0190 

0.0190 0.030 0 

0,0420 
0.045 0 
0.097 0 
0.1100 
0.1430 
0.1630 
0.1800 
0.185 0 
0.2010 
0.2040 
0.0934 
0.090 0 
0.1056 
0.109 7 
0.0130 
0.0160 
0.0190 

0.04Y 8 
0 . 0 1 Z Y  
0.01tDo 
0.0190 

I N T E N S I T Y  
(FRACTIGNJ 

0,00010 
0.00119 
0.00026 
0.00026 
0.00017 
0.00010 
0.00080 
0.00012 
0.00030 
0.00010 
0.00010 
0.00010 
0.00010 
0.00010 
0.00 100 
0,00010 
0.02815 
0.02694 
0.00363 

0.00161 0.00058 

0.04510 
0.04226 
0.00569 

0.20387 
0.00156 
0.00426 
0.00080 
0.00271 
0.01854 
0.10126 
0.0 5000 
0.00512 
0.51952 
0.00897 
0.05038 
0.05430 
0.03057 
0.02047 
0.00 706 
0.18024 
0.16687 
0.02273 

0.00080 
0.04212 
0. 03946 
0.0053 1 

w 
'a co 



TABLE 3-1F (continued) 

IhlnEX RAOlONtICLIOE NU. 

313  (1237 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11  
1 7  
13 
1 4  
15  
1 6  
1 7  
18 
1 9  
2 0  

496 11240 

345 NP237 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
15 

ENERGY 
I W V )  

0.0138 
0.02b4 
0.0332 
0.051 0 
0.0595 
0.0048 
0,1646 
0.208 0 
0.2b75 
0.3324 
0.335 4 
0.3bd6 
0.3709 

O.OY66 
0.1138 
0.1182 
0.013 Y 
0.0174 
0.020 8 

0.0480 
0.1120 
0.0130 
0.0160 
0.0190 

0.0440 
0.0139 
0 .0174  
0.020 8 

0.029 7 
0.0568 
0.067 0 
0.1050 
0.1084 
0.1335 
0.1450 
0 . l b O O  
0.1750 
0.2000 
0.2070 
0.2400 
0.0133 
0.0165 
0.0196 

0.100b 

I NTEN 5 I TY 
4 F R A C T I O N  8 

0.53400 
0.03200 
0.00 100 
0.00200 
0.35900 
0.01300 
0.02000 
0.2 3000 
0.00800 
0.01 100 
0.00100 
0.00100 
0.00100 
0.25000 
0.14200 
0.09600 
0.03600 
0.25800 
0.24100 
0.03200 

O.OOC59 
0.00028 
0.03711 
0.03477 
0.00468 

0.01600 
0.15900 
0.14900 
0.02000 

0.06C89 
0.00144 
0.14415 
0.28000 
0.05000 
0.02 700 
0.00800 
0.02200 
0.01600 
0.00500 
0.02 800 
0.06000 
0.07675 
0.07191 
0.00968 

INDFX RADlnNUCLIDF NO. 

3 3 0  NP739 

517 NP738 1 
2 
3 
4 
5 
b 
7 

1 
2 
3 
4 
5 
6 
7 

9 

11  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
19  

21 
22 
2 3  
2 4  
2 5  

a 

i n  

2 0  

FNFRGV 
t M F V l  

0.9842 
0.923 7 
0.8824 
0.9182 
0.Y3a.2 
1.0260 
1.02d0 

0.0446 
0.0494 
0.0573 
0.061 5 
0.067 Y 
0.106 1 
0.1817 
0.2098 
0.236 4 
0.2282 
0.2544 
0.L72Y 
0.2776 
0.2855 
0.3159 
0.3343 
0.4542 
0.5042 
0.103 1 
0.0980 
O.ll6a 
0.121 2 
0.0143 
0.0179 
0.0214 

I N T F N S I T Y  
I F R A C T I O N )  

0.23000 
0.02400 
0.00770 
0.05500 
0.00 300 
0.07900 
0.16500 

0.00081 
0.00108 
0.00140 
0.02097 
0.00125 
0.03578 
0.00060 
0.03670 
0.00 178 
0.11431 
0.00103 
0.00079 
0.12586 
0.00549 
0.01353 
0.01 795 
0.00005 
0.0 0 00.5 
0.10975 
0.10759 
0.07362 
0.02770 
0.22808 
0.21370 
0.02877 

W 

W 
10 



TABLE 3-1F (continued) 

1NDEX RADIONUCLTOE NO. 

497 NP34OM 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12  
13  
1 4  
15 
16 
17  
1 8  
19  

1 
2 
3 

494 PLJ236 

7RO PU23A 

281 PU239 

2AZ PlI240 

7R4 PU243 

1 
2 
3 
4 
5 
6 
7 
8 

1 
2 
3 
4 

ENERGY 
(MEVb 

0.2630 
0,3040 
0.556 0 
0.597 0 
0.7580 
0.8160 
0. 8200 

0.940 0 
0.942 0 
1.4900 
1.5300 
1.6200 
0.1038 
0.0996 
0.1185 
0.0143 
0.0179 
0.022 4 

0.0476 
0.1090 
0.0136 
0.017 0 
0.0202 

0.0435 
0.099 8 
0.0136 
0.0170 
0.0202 

0.0386 
0.0462 
0.0516 
0.056 8 

0.8980 

0. 099 a 
0.0136 
0.0170 
0.0202 

0.045 3 
0.1036 
0.0136 
0.0170 
0.0232 

0.044 7 
0.0136 
0.0170 
0.0202 

I NT EN S I TY 
4 FR A t  T I ON ) 

0.02200 
0.01400 
0.2 1000 
0.13000 
0.01400 
0.01600 
0.00300 
0.01200 
0.00300 
0.01900 
0.01 500 
0.01900 
0.00700 
0.00300 
0.00200 
0.00200 
0.06500 
0.06 100 
0.00900 

0.00065 
0.00018 
0.05 117 
0.04794 
0.00945 

0.00038 
0.00006 
0.04603 
0.04313 
0.00581 

0.00037 
0.00001 
0.00025 
0.00001 
0.00001 
0.01 739 
0.01629 
0.00219 

0.00039 
0.00007 
0.03948 
0.036S9 
0.00 49 8 

0.00037 
0.03920 
0.03673 
0.00494 

INDEX R A D  IDNUC L I O E  

334 AM241 

404 AM242 

335 AM243 

336 CM242 

NO. 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

1 
z 
3 
4 
5 
6 

1 
2 
3 
4 
5 

E NEHGY 
t MEV) 

0,0139 
0.02b3 
0.033 2 
0.0434 
0.0595 
0.1035 

0.0465 
0.1038 
0.0996 
0.1173 
0.121 8 
O.OA43 
0.0179 
O.OZL4 
0.0422 
0.0149 
0.0193 
0.023 8 

0.031 1 
0.0435 
0.0747 
0.0139 
0.0174 
0.020 8 

0.044 1 
0.1019 
0.0143 
0.0179 
0.021 4 

I NT EN 5 I TY 
(FRACTION) 

0.29000 
0.02500 
0.00 100 
0.00 100 
0.35300 
0.00100 

0.00013 
0.05414 
0.03070 
0.02 100 
0.00790 
0.04354 
0.04080 
0.00549 
0.00042 

0.07709 
o.oaz27 

0.0io3a 

0.00046 
0.03415 
0.62901 
0.04177 
0.04476 
0.00603 ’ 

0.00032 
0.00002 
0.04278 
0.04008 
0.00540 

0 

F 
0 
0 



TABLE 3-1F (continued) 

I N D F X  RADIflN(1CLIDF NO. 

403 CM243 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
I 6  
1 7  
1 A  

337 CM244 

4 7 4  CF252 

1 9  
20  
7 1  
2 2  
2 3  
2 4  
7 5  
7 6  
2 7  
2 8  
29  

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 1  
1 2  
13 

i n  

ENERCY 
( M E V J  

0.02Y 2 
O.O't46 
0.049 5 
0.0573 
0.0618 
0.0881 
0.107 5 
0.106 1 
0.1065 
0.1173 
0.160 3 
0.195 0 
0. L O 9  8 
0.2242 
0.2282 

0.2702 
0.272 d 
0.2716 
0.2d55 
0.312 3 
0.3307 
0.103 6 
0.049 5 
0.1113 
0.171 d 
0.0143 
0.0175 
0.021 4 

0.0429 
0.098 8 
0.0163 
0.017 Y 
0.021 4 

0.350 0 
0.7500 
1.250 0 
1.7500 
2.2500 
2. 7500 
3.2500 
3.7500 
4.2500 
4 ,  I500 
5.2500 
5.7500 
6.2500 

n.7544 

I N T E N S I T Y  
I F R A C T I C M I  

0.00002 
0.00578 
0.00 101 
0.00125 
0.00200 
0.00015 
0.00006 
0.00 179 
0.00114 
0.00057 
0.02 720 
0.0007S 
0.02976 
0.00160 
0.10112 
0.00137 
0.00285 
0.00077 
0.13295 
0.00723 
0.00191 
0.00086 
0.20780 
0.11793 
0.08070 
0.03037 
0.21459 
0.20105 
0.02701 

0.10399 
0.02 020 
0.02123 
0.01989 
0.00268 

0.23200 
0.28800 
0.08590 
0.03890 
0.01110 
0.00560 
0.00283 
0.00152 
0.00086 
0.00041 
0.00025 
O . O O C 0 9  
0.00005 

w 
I 
c. 
0 
c. 



TABLE 3-16 

EXREM I11 DATA BASE 
DECAY SCHEME P A T H W S  AND BRANCHING FRACTIONS FOR THE RADIONUCLIDE CHAINS 

From To Fraction From To Fraction 

Sr-93 Y-93 1.00 Sb-127 Te-127M 1.66E-1 
Sb-127 Te-127 8 . 3 E - 1  

Y-87 Sr-87M 1.00 Te-127M Te-127 9.76E-1 

y - 9 ~  Y-91 1.00 Te-127M Te-127 9.76E-1 

From To Fraction 

Mg-28 

Ca-47 

Ca-49 

Mn- 52M 

Fe-52 
Mn-52M 

Ni-56 

zn-694 

Ge-77 
AS-77 

As-77 

Br-80M 

Br-83 

Kr-85M 

Kr-88 

Rb-89 

Rb-90 
sr-90 

Sr-90 

sr-91 
SI--91 
Y-91M 

Sr-92 

A1-28 

sc-47 

sc-49 

m-52 

Mn-52M 
m-52 

CO-56 

~ n - 6 9  

As-77 
Se-77M 

Se-77M 

BF-80 

Kr-83M 

Kr-85 

Rb-88 

Sr-89 

Sr-go 
Y- 90 

Y-90 

Y-91M 
Y - 9 1  
Y-91 

Y - 9 2  

1.00 

1.00 

1.00 

2.oOE-2 

1.00 
2.OOE-2 

1.00 

1.00 

1.00 
2.OOE-2 

2.OOE-2 

1.00 

2.OOE-1 

2 . 3 0 ~ - 1  

1.00 

1.00 

1.00 
1.00 

1.00 

5. g o ~ - i  
4.1OE-1 
1.00 

1.00 

Zr-95 Nb-95M 1.80E-2 
Zr-95 Nb-95 9.82E-1 
Nb-95M Nb-95 1.00 

Zr-97 
Z r - 9 7  
Nb-97M 

Nb-97M 
Nb-97 
Nb-97 

Nb-95M Nb-95 

Nb-97M Nb-97 

Mo-99 TC-99M 
Mo-99 TC-99 
Tc-99M TC-99 

9.423-1 
5.80~-2 
1.00 

1.00 

I. 00 

8.633-1 
1.37E-1 
1.00 

Te-129M Te-129 6 . % ~ - 1  
Te-129M 1-129 3.66E-1 
Te-129 1-129 1.00 

Te-129 

~ e - 1 3 1 ~  
~ e - 1 3 1 ~  
Te-131 
1-131 

~ e - 1 3 1  

~ e - 1 3 2  

1-131 

1-129 

Te-131 
1-131 

x e - 1 3 l ~  

1-131 
x e - 1 3 1 ~  

1-131 

1-132 

1.00 

1. WE-1 
8.2OE-1 
1.00 
1.3%-2 

1.00 
1.3%-2 

1.00 

Tc-994 Tc-99 1.00 1-123 Te-123M l . O O E - 3  

Ru-lO3 Rh-lO3M 1.00 1-131 xe-13m 1.3%-2 

RU-106 ~h-106 1.00 

Ag-lll  C b l l l M  9.OOE-2 

Cd-115M In-ll5M 5.OOE-Z 

In-114M In-114 1.00 

sn-113 1n-1.13~ 1.00 

Sn-125 Sb-125 1.00 
Sb-125 Te-125M 2 . 3 9 - 1  

1-133 Xe-133M 2.403-2 
1-133 Xe-133 9.763-1 
Xe-ljjM Xe-133 1.00 

1-135 Xe-135M 3.OOE-l 
1-135 Xe-135 7.OOE-l 
Xe-135M Xe-135 1.00 
Xe-135 Cs-135 1.00 

Xe-133M Xe-133 1.00 

Xe-135M Xe-135' 1.00 

Sb-125 Te-l25M 2 . 3 9 - 1  Xe-135 Cs-135 LOO 

From 

Xe-137 
CS-137 

Xe-138 

CS-137 

CS-139 

Ba-140 

Ce-143 

Ce-144 

Nd-147 

Pm-148M 

Au-195M 

T1-204 

T1-210 
Pb-210 
Bi-210M 

pb-210 
Bi-210M 

pb-212 
Bi-212 

Pb-214 
Bi-214 
Po-214 
Pb-210 
B i -210M 

Bi-210M 

To 

CS-137 
Ba-137M 

CS-138 

.Ba-l37M 

Ba-139 

La-140 

Pr-143 

Pr-144 

Pm-147 

Pm-148 

Au-195 

Pb-204M 

Pb-210 
Bi-210M 
Po-210 

Bi-210M 
Po-210 

Bi-212 
TI.-208 

Bi-214 
PO-214 
pb-210 
Bi-210M 
Po-210 

PO-210 

Fraction 

1.00 
9.4l-E-1 

1.00 

9.4I.E-1 

1.00 

1.00 

1.00 

1.00 

1.00 

4.603-2 

1.00 

1.00 

1.00 
1.00 
1.00 

1.00 
1.00 

1.00 
3.37E-1 

1.00 
1.00 
1.00 
1.00 
1.00 

1.00 



From TO Fraction 

Bi-212 

Bi-214 
Po-214 
Pb-210 
Bi -210M 

Po-214 
Pb-210 
Bi-210M 

PO-218 
Pb-214 
Bi-214 
PO-214 
Pb-210 
Bi-210M 

Rn-220 
Pb-212 
Bi-212 

Rn-222 
PO-218 
pb-214 
Bi-214 
Po-214 
Pb-210 
Bi-210M 

Ra-224 
Rn-220 
Pb-212 
Bi-212 

~a-226 

Po-218 
Pb-214 
Bi-214 
PO-214 
Pb-210 
Bi-210M 

Rn-222 

T1-208 

Po-214 
Pb-210 
Bi-210M 
Po-210 

Pb-210 
Bi-210M 
Po-210 

Pb-214 
Bi-214 
Po-214 
Pb - 210 
Bi-210M 
Po-210 

Pb-212 
Bi-212 
T1-208 

PO-218 
Pb-214 
Bi-214 
Po-214 
Pb-210 
Bi-210M 
Po-210 

Rn- no 
Pb-212 
Bi-212 
~1-208 

Rn-222 
PO-218 
Pb-214 
Bi-214 
Po-214 
Pb-210 
Bi-210M 
PO-210 

3.37E-1 

1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
3 * 37E-1 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
3 * 37E-1 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

TABLE 3-16 (continued) 

Fraction From To From To Fraction 

Ra-228 
Ac-228 

Ra-224 
Rn-220 
Pb-212 
Bi-212 

Ac-228 

Ra-224 
Rn-220 
Pb-212 
Bi-212 

Th-228 
Ra-224 
Rn-220 
Pb-212 
Bi-212 

Th-230 
Ra-226 
Rn-222 
Po-218 
Pb-214 
Bi-214 
Po-214 
Pb-210 

~h-228 

Th-228 

~h-232 
Ra-228 
Ac-228 
Th-228 
Ra-224 
Rn-220 
Pb-2U 
Bi-212 

Ac-228 
Th-228 
Ra-224 
Rn-220 
Pb-212 
Bi-212 
T1-208 

Th-228 
Ra-224 
Rn-220 
Pb-212 
Bi-212 
T1-208 

Ra-224 
Rn-220 
Pb-212 
Bi-212 
T1-208 

~a-226 

PO-218 
Pb-214 
Bi-214 
Po-214 
Pb-210 
Bi-210M 

Ra-228 

Rn-222 

AC-228 
Th-228 
Ra-224 
Rn-220 
Pb-212 
Bi-212 
TI.-208 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
3*37E-1 

1.00 
1.00 
1.00 
1.00 
1.00 
3-37E-1 

1.00 
1.00 
1.00 
1.00 
3.37E-1 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
3.37E-1 

Th-2% 

U-234 
Pa-234M 

~h-230 
~a-226 

Po-218 
Pb-214 
Bi-214 
PO-214 
Pb-210 
Bi-210M 

Pa-233 

Pa-234M 

~a-226 

Po-218 
Pb-214 
Bi-214 
PO-214 
Pb-210 
Bi-210M 

Pa-234 

~h-230 
~a-226 

Po-218 
Pb-214 
Bi-214 
PO-214 
Pb-210 
Bi-210M 

Rn-222 

U-234 
Th-230 

Rn-222 

U-234 

Rn-222 

Pa-23M 
U-234 
~h-230 
Ra-226 
Rn-222 
Po-218 
Pb-214 
Bi-214 
PO-214 
Pb-210 
Bi-210M 
Po-210 

U-233 

u-2% 
~h-230 
Ra-226 
Rn-222 
Po-218 
Pb-214 
Bi-214 
PO-214 
Pb-210 
Bi-21OM 
Po-210 

U-234 
Th-230 
~a-226 
Rn-222 
PO-218 
Pb-214 
Bi-214 
Po-214 
Pb-210 
Bi-210M 
Po-210 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

From To Fraction 

u-232 
Th-228 
Ra-224 
Rn-220 
Pb-212 
Bi-212 

U-234 
~h-230 
~a-226 

PO-218 
Rn-222 

Pb-214 
Bi-214 
PO-214 
Pb-210 
Bi-210M 

U-240 

PU-240 
Np-240M 

U-236 

Ra-228 
Ac-228 
Th-228 
Ra-224 
Rn-220 
Pb-212 
Bi-212 

Np-238 

~h-232 

Fu-238 
U-234 
~h-230 
~a-226 

Po-218 
Pb-214 
Bi-214 
Po-214 
Pb-210 
Bi-210M 

Rn-222 

Th-228 
Ra-224 
Rn-220 
Pb-212 
Bi-212 
T1-208 

~h-230 
~a-226 
Rn-222 
Po-218 
Pb-214 
Bi-214 
PO-214 
Pb-210 
Bi-210M 
PO-210 

Np-240M 
Pu-240 
u-236 
~h-232 
Ra-228 
Ac-228 
Th-228 
Ra-224 
Rn-220 
Pb-212 
Bi-212 
T1-208 

PU-238 
U-234 
Th-230 
~a-226 
Rn-222 
Po-218 
Pb-214 
Bi-214 
Po-214 
Pb-210 
Bi-210M 
PO-210 

1.00 
1.00 
I. 00 
1.00 
1.00 
3 * 37E-1 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
3.37E-1 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

W 

w 
0 
W 



From To Frac t ion  

NP-239 
Pu-239 
U-235 

Np-240M 
Pu- 240 
U-236 
Th-232 
Ra-228 
Ac-228 
~ h - 2 2 8  
Ra-224 
Rn-220 
Pb-212 
Bi-212 

PU-236 
U-232 
Th-228 
Ra-224 
Rn-220 
Pb-212 
Bi-212 

PU-238 
U-234 
~ h - 2 3 0  
~ a - 2 2 6  
Rn-222 
PO-218 
Pb-214 
Bi-214 
PO-214 
Pb-210 
Bi-210M 

PU-239 
U-235 
Th-231 

PU-240 
U-236 
Th-232 
Ra-228 
Ac-228 
Th-228 
Ra-224 
Rn-220 
Pb-212 
Bi-212 
T1-208 

U-232 
Th-228 
Ra-224 
Rn-220 
Pb-212 
Bi-212 
T1-208 

u-234 
~ h - 2 3 0  
~ a - 2 2 6  
Rn-222 
PO-218 
Pb-214 
Bi-214 
PO-214 
Pb-210 
Bi-210M 
PO-210 

1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
3.37E-1 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
3 37E-1 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

TABLE 3-16 (.continued] 

Frau To Fract ion From To Fract ion 

Pu-239 
U-235 

PU-240 
U-236 
Th-232 
Ra-228 
AC-228 
Th-228 
Ra-224 
Rn-220 
Pb-212 
Bi-212 

Pu-241 

NP-237 
Pa-233 

Am-241 

PU-242 
U-238 
Th-234 

u-234 
~ h - 2 3 0  
Ra-226 
Rn-222 
PO-218 
Pb-214 
Bi-214 
Po-214 
Pb-210 
Bi-210M 

Pa-234M 

U-235 
Th-231 

U-236 
~ h - 2 3 2  
Ra-228 
Ac-228 
Th-228 
Ra-224 
Rn-220 
Pb-212 
Bi-212 
T1-208 

Am-241 
Np-237 
Pa-233 
U-233 

U-238 
Th-234 
Pa-23M 
u-234 
~ h - 2 3 0  
~ a - 2 2 6  
Rn-222 
PO-218 
Pb-214 
Bi-214 
PO-214 
Pb-210 
Bi-210M 
Po-210 

1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
3- 37E-1 

1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

Pu-244 
U-240 
Np-240M 
PU-240 
u-236 
~ h - 2 3 2  
Ra-228 
Ac-228 
Th-228 
Ra-224 
Rn-220 
Pb-212 
Bi-212 

Am-241 
NP-237 
Pa-233 

Am-242 
Am-242 
Cm-242 
PU-242 
PU-238 
U-238 
Th-234 
Pa-234M 
u-234 
~ h - 2 3 0  
Ra-226 
Rn-222 
EO-218 

Bi-214 
Po-214 
pb-210 

Pb-214 

U-240 
Np-240M 
PU-240 
U-236 
~ h - 2 3 2  
Ra-228 
Ac-228 
Th-228 
Ra-224 
Rn-220 
Pb-212 
Bi-212 
T1-208 

Np-237 
Pa-233 
u-233 

Cm-242 
PU-242 
fi-238 
U-238 
u-234 
Th-234 
Pa-23M 
U-234 
~ h - 2 3 0  
Ra-226 
Rn-222 
EO-218 
Pb-214 
Bi-214 
PO-214 
Pb-210 
Bi-210M 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
3.37~-1 

1.00 
1.00 
1.00 

8.4OE-1 
1.60~-1 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

Bi-210M Po-210 1.00 

From 

Am-243 
NP-239 
PU-239 
U-235 

Cm-242 
PU-238 
u-2% 
~h-230 
~ a - 2 2 6  
Rn-222 
PO-218 
Pb-214 
Bi-214 
PO-214 
Pb-210 
Bi-210M 

Cm-243 
h - 2 3 9  
U-235 

Cm-244 
Fu-240 
U-236 
Th-232 

Ac-228 
Ra-228 

Th-228 
Ra-224 
Rn-220 
Pb-212 
Bi-212 

To 

Np-239 
PU-239 
U-235 
~ h - 2 3 1  

PU-238 
u-234 
~ h - 2 3 0  
Ra-226 
Rn-222 
PO-218 
Pb-214 
Bi-214 
PO-214 
Pb-210 
Bi-210M 
Po-210 

fi-239 
u-235 
~ h - 2 3 1  

Fu-240 
U-236 
~ h - 2 3 2  
Ra-228 
Ac-228 
Th-228 
Ra-224 
Rn-220 
Pb-212 
Bi-212 
Tl-208 

Fract ion 

1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 

1.00 
I. 00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
3.37E-1 

w 

0 
P 

w 



In 
0 4 
I 

m 

89-V3 

L 9-Q3 
69-NZ 

Y69-NZ 
S 9-NZ 
t9-n3 

€9-1n 
95-1n 
0 9-03 
95-03 
15-03 

95-02 
65-3d 
55-3d 
z5-3d 
trS-NU 

ZS-NU 
YZS-NU 

15-82 
6t-35 
1b-35 

9 tr -3s 
6t-V3 
Ltr-VJ 
Sll-Y3 

En-x 

zt-n 
ot-n 
6t-V 
LE -\I 

8€-15 

9E-13 
St-S 
EE-d 
ZE -a 

8 Z--Iv 

8 z-3u 
trZ-VN 
zz-88 

EL-d 
51-0 

El-N 
111-3 
11-3 
1-50 

E -H 

a a1 WnN 



TABLE 3-2A (continued) 

DOSE RATE :MREH/YR) PROM SUBMERSION I B  COBTAHINATED EATER. COBTIUOOOS IUPLOV OF 1 MICEOCURIE/aL /aR  
R A D I A T I O N  TYPE: nECTRON 

NUCLIDE T = 0 1 HOUR 1 D A Y  1 WEEK 1 MNTA 1YR 5 YR 10 YR 20 YR 30 YR 50 YR 100 YR 500 YR 
GE-77 0.00E+00 5.613+04 7.88E+05 1.28E+06 1.31E+06 l .3 lE+06 1.31E+06 1.31E+06 1.31E+06 1.31E+06 1.31E+06 1.31E*06 1.31E+06 
AS-76 0.00E+00 9.81E*OU 1.773+06 3.733+06 3.773+06 3.773+06 3.771+06 3.77E+06 3.77E+06 3.773+06 3.77E+06 3.773*06 3.77E+06 
AS-77 0.00E+00 2.24E+04 U.U2E+05 1.20E+06 1.273+06 1.27E+06 1.273+06 1.27E+06 1.27E+06 1.27E*06 1.27E+06 1.273+06 1.27E+06 
SE-75 0.00E+00 1.39E+03 3.33Et04 2.293+05 9.193+05 5.07E+06 5.77Ee06 5.773+06 5.77E+06 5.77E+06 5.77E+06 5.771+06 5.773*06 

SE-77M 0.00E+00 4.833+01 4 .83E+C1 4.83E+01 4.83E+01 4.83E+01 4.833+01 4.83E+01 4.833+01 U.83E+01 4.83E+Ol U.83E*Ol 4.83E*01 
B R - 8 0 H  0.00E+00 4.52E+04 0.60E+05 4.72E+05 4.723+05 4.723+05 U.72E+05 4.72E+05 4.72E+05 4.723*05 4.72E+05 4.72E*05 4-72E*05 
BR-80 0.00E+00 2.603+04 2.86E+OU 2.86E+O4 2.86E+04 2.861+04 2.863+04 2.863+04 2.862+04 2.86E+04 2.86E+OU 2.86E+04 2.863*04 
88-82 0.00E+00 1.43E+OU 2.763+05 7.08E+05 7.35E+O5 7.352+05 7.35E+05 7.35E+05 7,35E+05 7.353+05 7.35E+05 7.353+05 7.35E*05 
BR-83 0.00E+00 1.382+04 5.73E+04 5.743+04 5.74E+04 5.74E+04 5.743+04 5.74E+04 5.74E+O4 5.7UE+O4 5,74E*O4 5.7UE+OU 5.743*04 

ER-84 
KR- 79 
KR-831 
KR-8% 
RR- 85 

KR-87 
KR-88 
RB-84 
RE-86 
RE-88 

RB-89 
RB-90 
SR- 85 
SR-87n 
SR-89 

SR-90 
SR-9 1 
SR-92 
SR-93 
Y- 8 7  

Y-88 
Y-90 

Y-91 
Y-92 

Y-93 
ZR-95 
ZR-9 7 
NE-9 5M 
NB-95 

NB- 9 7H 
NB-9 7 

Tc-99u 
TC-9 9 

RU- 103 
RU-106 
RH-103N 

Y-gin 

no-99 

O . O O E + O O  6.443+04 
O . O O E + O O  2.08E*03 
O . O O E + O O  2.97E*03 
O.OOE*OO 2.29E*04 
0.00E+00 2.273+04 

O.OOE+OO 9.63E+OU 
O . O O E + O O  1.40E+05 
O . O O E * O O  1.13E*04 
0. OOE + O C  6.07E+04 
O.OOE*OO 7.593+04 

O . O O E + O O  
0. OOE *OO 
0.00E+00 
0.00E*00 
O . O O E + O O  

5.2 1 E+02 1.25E +04 8.56E+04 
8.48E+04 1.80E*06 6.60E*06 
1.963+03 4.20E+03 8.81E+03 
5.51E+04 1.31Et06 8.87E+06 
1.23E+05 6.823*05 6.883+05 

O.OOE*OO 
0.00E+00 
O . O O E + O O  
0. OOE + O O  
0.00Et00  

4.32E+02 9.81E*02 9.81E+02 9.81E*Oi 9.81E*C2 
3.37E+04 7.81Et04 7.81E+OY 7.81E+O4 7.81€+04 
3.89E+04 8.483*05 3.19E+06 3.85E+C6 3.86E*C6 
1.51E+03 1.302+04 1 . 3 9 ~ + 0 4  1.39E+OU 1.39E*04 
8.97 E+03 2.153+05 1.51E t o 6  6.46E+ 06 7.86E+07 

O . O O E * O O  8.203+03 2 .50E+C5 1.69E+06 5.982*06 1.46E+07 
0. OOE +O 0 1.3 2E+ 05 3.19E +06 2.22E + 07 9.3 2E* 0 7 8. QUE* C8 
0.00E+00 2.48E+03 4.74E+03 4.74E+03 4.74E+03 4.74E+C3 

9 .A 1E *02 
7.81E+04 
3.863+06 
1.39E *04 
3.93E +O 8 

1.47E+07 
1.6 5 E  +09 
4.74E t o  3 

9.81 E+02 9.8 1E +O 2 9.8 1 E t  02 9.8 1 E+02 9.8 1 E+02 9.8 1 E *O 2 
7 . 8 1 ~ + 0 4  7.81E+O4 7.81E+OU 7.819+04 7.81Et04 7.81E+04 
3.863+06 3.86Et06 3.86E*06 3 .R6E+06 3.86E+06 3.86E+06 

7.86E+08 1.573+09 2.362+09 3.93E+09 7.86E109 3.93E+10 

1.47E+07 1.47E+07 1.47E+07 1 .47P+07 1.47E+07 1.47E+07 
1.70E+09 1.70E+09 1.702+09 1.70E+09 1.70E+09 1.70E+09 
4.7UE+03 U.74E+O3 4.74E+03 4.74E+03 4.742+03 4.7UE+03 

1.393+04 1.39E+O4 1.393+04 1.39E+04 1.39E+O4 1.4OE+OU 

w 

0 
F 

m 



TABLE 3-2A (continued) 

DOSE R A T E  : M R E H / Y R )  PRON S U B R E R S I O N  IN CONTANINATED H A T E R .  CONTINUOUS INFLOW OP 1 YICROCURIE/NL/HR 
R A D I A T I O N  TYPE: ELECTRON 

NUCLIDE T = 0 1 HOUR 1 D A Y  1 HEEK 1 NONTH 1 YR 5 Y R  10  Y R  20 Y R  3 0  YR 50 YR 1 0 0  YR 500 Y R  
RH-1 05 O.OOP+OO l.SUE+OU 2.99E+05 7.69E+05 7.993*05 7.99€+05 7.99E+05 7.99E+05 7.99E+05 7.99E+05 7.992+05 7.99E+05 7.99E*05 
RH-106 O.@OE+00 1.5RE+03 1 .582+03 1.58E+03 1.58E+03 1.58E+03 1.582+03 1.58E+03 1.58E*03 1.58E+O3 1.582+03 1.58E+03 1,58E+03 

PD-103 0.00E+00 4.7?E+03 l . l lE*OS 6.94E+05 1.99E+06 2.87E+06 2.87E+06 2.87E+06 2.87E+06 2.87E*Oh 2.87E+06 2.37E+06 2.87E+06 
A G - 1  lop! 0.00E+00 7.463*03 1.79E+CS 1.24E+06 5.15E+06 4.11E+07 6.43E*07 6.47E+07 6.47E+07 6.47E+07 6.47E+07 6.47E+07 6.47E+07 
AG-111 O.OO?*OO 3.36?+04 7.72E*05 4.16E+06 8.16E+06 8.69E+06 @.69E+06 8.69?+06 8.693+06 8.69E+O6 8.69E*06 8.69E+06 8-b9E+06 
CD-1 l l f l  0.00E+00 0.00E*00 O . O O P + O O  O.OOE+OO 0.00E+00 O . O O E + O O  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O . O O E + O O  0.00E+00 
CD-113H O.OO?+OO 3.42B-01 3.42E-01 3.423-01 3.42E-01 3.42E-01 3.42E-01 3.42E-01 3.42T-01 3.42E-01 3.42E-01 3.422-01 3.42E-01 

CD-115M 0.00E*00 1.93E+OU 4.72E+05 3.19E+06 l.l5E*O7 3.09E+07 3.10E+07 3.103+07 3.10E*07 3.10E*07 3.10E+07 3.10E+07 3.10E*07 
IN-1 1311 O . O O E + O O  l . O l E + O U  2.94E+OU 2.94E+O4 2.94E+04 2.94E*04 2.94E+04 2.94E+04 2.94E+04 2.94E+04 2.94E+04 2.94Z+OU 2.94E*04 
IN-1 1 4 H  0.00E+00 3.80E+OU 9.22E+05 6.20B+06 2.28E*07 6.66E+07 6.70E+07 6.70E+07 6.70E+07 6.70E+07 6.70E+07 6.70Z+07 6.70E+07 
IN-114 0.00E+00 7.22E+02 7.22E+02 7.22E+02 7.22E*02 7.22E*C2 7.22E+02 7.22€+02 7.22R*02 7.22E+02 7.22E+02 7.22Z+02 7.22E*02 
IN-115H 0.00E+00 1,57E*04 1.07E+05 l.lOE+05 1.1OE+05 l.lOE+OS 1.1OE+O5 l.lOE+05 l . lOE+05 l.lOE*05 l . lOE+05 l . lOE+05 1.10B+05 

SN-113 O . O O E + O G  2.R9E+03 2.803+05 2.10E+06 8.50E*06 4.5AE+C7 5.15E+07 5.15E+07 5.15E+07 5.15E+07 5.15E+07 5.15E+07 5.15E*07 
SN-119H 0.00E+00 7.29E+03 1.75E105 1.212+06 5.03E*06 3.9RE+07 6.15E*07 6.18E+07 6.18E+07 6.18E*07 6.18E+07 6.182+07 6.18E*07 
SN-123 O . O O E + O O  4.939+04 1.18E+06 8.13E*06 3.28E+07 1 .AqE+OR 2.20E+OR 2.20E*OR 2.20E+08 2.20E+OR 2.202*08 2.20E+08 2.203*08 
SN-125 0.00E+00 8.10E+04 1.8RE+06 1.07E+07 2.40E+07 2,81E*07 3.060*07 3.16E+07 3.19E+07 3.203+07 3.20?+07 3.203+07 3.20E+07 
SB-122 0.00E+00 5.28E+OU 1.12E106 4.16E+06 5.00F+06 5.00E+06 5.00E+06 5.00E+06 5.00E+06 5.00E*06 5.00E+06 5.00E+06 5.00E+06 

SB-120 0.00E+00 3.67B+04 8.763+05 5.92E+06 2.23E+G7 7 .54€+07 7.652+07 7.65E+07 7.651+07 7.65E*07 7 .653+07 7.652+07 7.65E+07 
SB-125 O.OOE*OO 1.23E+04 2.95E*05 2.08E+06 9.03E+06 1.09E+08 3.61€!+08 4.6UE+08 5.01?+08 5.04E+08 5.043+08 5.04E+Oe 5.0UE+08 
SB-127 0.00E+00 3.063+04 8.793*05 4.54E*06 6.54E+06 7.62E*06 7.77E*06 7.77E*06 7.773+06 7.773+06 7.77E+06 7.772*06 7.77E+06 
TE-1234 0.00E+00 9.20E*03 2.20E+05 1.512+06 6.08E+06 3.35E+07 3.81E*07 3.812+07 3.81E+07 3.81E+07 3.81E+07 3.8lE+07 3.81E*07 
PE-125H 0.00E+00 9.623+03 2.3OE+05 1.55E*O6 5.828*06 lS91E*07 1.933+07 1.933+07 1.93E+07 1.93E+07 1.93E*07 1.93E+07 1-93E+07 

TE-127H 0.00E+00 4.303*04 1.28E+06 1.02E+07 4.16P+07 2.17E+08 2.41E*08 2.41R+08 2.4lE+08 2.41E*OR 2.41E+08 2.41E*08 2.41E+08 
TE-127 O . O O E + O O  2.13E+04 2.48E+05 2.983+05 2.98E+05 2.981*05 i .98E+05 2.98B+05 2.98E+05 2.9RE+05 2.98E*05 2.983+05 2.98E+05 
TE-129N 0.00E*00 3.66E+O4 1.65P*C6 1.13E+07 3.89E*07 8.41E+07 @.41E+07 8.41E*07 8.41E+07 8.UlE+07 8.410+07 8.41E*07 8.41E*07 
?E-129 O . r ) O E + O O  5.69E+04 1.27E+05 1.27E+05 1.27E+05 1 .27€+05 1.27E+05 1.27E+05 1.27B*05 1.27E+05 1.27E+05 1.27E+05 1.27E+05 
Tz-131H 0.00E+00 3.02E+04 6.8OE+05 1.84E+06 2.34E+06 2.42E+06 i.U2E+06 2.42E+06 2.42E*06 2.42E+06 2.42E+06 2.423+06 2.42E+06 

TE-131 0.00E100 3.203+04 4.05E+04 4.48E+O4 5.04E+04 5.13E+OU 5.133+04 5.13E+04 5.13E+04 5.13E+04 5.13E+04 5.13E+OU 5,13E+OU 
TE-132 0.00E+00 1.35E+04 1.12E+06 5.06E+06 6.562+06 6.57E+G6 6.573+06 6.578+06 6.57E+06 6.578+06 6.57E*06 6.57E+06 6.57E+06 
1-123 0.00E+00 2.503+03 3.49E+OU 4.86E*04 U.86E+04 4.87E*O4 4.883+OU 4.88E+04 4.88E+04 4.88E+OU 4.88E+O4 4.88E+O4 U.88E+04 
1-124 O.OOP+OO 1.77E+04 3.94E+05 1.77E+06 2.55E+06 2.57E+C6 2.57E+O6 2.57E+06 2.57E+06 2.57E+06 2.57E+06 2.57E+06 2.57E+06 
1-125 0.00E+00 1.96E+03 4.68E104 3.16E+05 1.19E+06 3.99E+06 4.058+06 4.05E+06 4.05E+06 4.05E*06 4.05?3+06 4.05E+06 4.05E*06 

1-126 0.00E+00 1.40E+04 3.27E*05 1.96E+06 5.03E*06 6.30E*06 6.30E+06 6.30E*06 6.30E+06 6.30E+06 6.30E+06 6.30E+06 6.30E+06 
1-129 O.OOP+OO 5.773+03 1.38ECO5 9.693+05 4.152+06 5.05E*07 2.53E*08 5.05E+08 1.01E+09 1.523+09 2.53E+09 5.05E+09 2.53E+10 
1-130 0.00E+00 2.78E+04 3.78E+05 5.12E+05 5.12E+05 5.122+05 5.12E+05 5.12E*05 5.123+05 5.12E+05 5.123+05 5.12E+05 5.12E*05 
1-131 0.00E+00 1.95E+04 4.49E105 2.46E+06 5.05E+06 5.48E*M 5.48E*06 5.48E+06 5.483+06 5.48E+06 5.48E+06 5.48E+06 5.48E*06 
1-132 0.00E+00 4.482+04 1.713+05 1.71E+05 1.71E+05 1.71L+05 1.71E+05 1.71E*05 1.71E+05 1.71E+05 1.71E+05 1.715+05 1.71E+05 

1-133 0.00E+00 U.O5E+04 6.98E+05 1.47E+06 1.673+06 1.68E+06 1.683+06 1.6@3+06 1.68E*06 1.683+06 1.68E+06 1.68E+06 1.682*06 
1-134 0.00F+00 4.35E+04 7.96EIOU 7.96E+OU 7.96E+04 7.963+04 7.963+04 7.96E+OU 7.962+04 7.96E+04 7.963*04 7.9bEIO4 7.96E+OU 
1-135 0.00E+00 3.16E+OZ 4.74E+05 6.10E+05 6.10E+05 6.10E+C5 6.10E*05 6.10E+05 6.10E+05 6.10E+05 6.10E+05 6.10E+05 6.10E+05 
1-136 O . O O E * O O  5.86E+03 5.86E103 5.86E*03 5.86E+03 5.86E+03 5.86E+03 5.863+03 5.86E+03 5.86E*03 5.86E*03 5.86E+03 5.862+03 
XE-131R 0.00E+00 1.33E+04 3.10E+05 1.84E+06 4.551+06 5.52E+C6 5.52E+06 5.523+06 5.52E+06 5.522+06 5.523+06 5.52E+06 5.523+06 

XE-133H 0.00?+00 1.78E*04 3.883*05 1.65E+06 2.42E+06 2.46E*06 2.468+06 2.463+06 2.46E+06 2.46E+06 2.46E+06 2.46E+06 2.463+06 
XE-133 O . O O E + O O  1.39E+O4 3.13E+05 1.53E*06 2,5UE+C6 2.558+06 2.553+06 2.55E+06 2.55E+06 2.55E+06 2.55E106 2.55E*06 2.55E+06 
XE-135N 0.00E+00 3.70E*03 1.28E+04 1.47E+OY 1.47E+04 1.47F+O4 1.47E+04 1.47E+04 1.47E+04 1.47E+OU 1.47E+OU 1.47E+O4 1,47E+OU 
XE-135 O . O O E + O O  2.9RE+04 3.423*05 4.09E+05 4.09E+05 4.09E+05 4.09E+05 4.093+05 4.09E+05 4.09E+05 4.09E+05 4.09E+05 4.09E*05 
XE-137 O . O O E + O O  1.59E+04 1.59E+04 1.59E+OU 1.59E+G4 1.59E+O4 1.61E+O4 1.63E+04 1.67E+04 1.693+04 1.73E+OU 1 . 7 8 E + O 4  1.80E+04 



TABLE 3-2A (continued) 

DOSE RATE (HREH/YR) FROR SUBHERSIOU I U  CONTAHIUATED WATER. CORTINUOUS INPLOU OF 1 HICROCURIE/HL/HR 
RADIATIOU TYPE: ELECTRON 

NUCLIDE T = 0 1 HOUR 1 D A I  1 WEEK 1 HOOIITH 1 YR 5 TR 10 Y R  20 YR 3 0  YR 50 Y R  100 YB 500 TR 

XE-138 0.00E400 4.21EtOU 6.03E404 6.03E404 6.03E404 6.031404 6.033404 6.03E404 6.033*04 6.03EtOU 6.03Et04 6.03E404 6.03E404 
CS-134 O.OOE+OO 1.70E404 U.08E405 2.853406 1.21E407 1.26E408 3.60Et08 4.283408 U.42E408 4.43E408 4.43E408 4.43E408 4.43E408 
CS-135 0.00E+00 6.21E403 1.49E405 1.04E406 4.47E406 5.44E407 2.723*08 5.4UE408 1.09E409 1.633409 2.723409 5.44E409 2.72E*10 
CS-136 0.00E400 1.423404 3.323405 1.993406 5.10E406 6.3913406 6.391406 6.393406 6.393406 6.391406 6.393406 6.39E406 6.393406 
CS-137 0.00E400 2.2UE404 5.45B405 3.81Et06 1.633407 1.971408 9.4OEt08 1.78Et09 3.193409 U.31E409 5.913409 7.783409 8.65E409 

CS-138 O.OOE*OO 5.67EtO4 7.82EeOU 7.821404 7.82E404 7.82E404 7.82EtOU 7.82E4OU 7.82Et04 7.82EtOU 7.82E404 7.82EtOU 7.82EtOU 
CS-139 0.00E400 4.071404 5.393404 5.39EtOU 5.391404 5.391404 5.391404 5.39EtOU 5.39EtOU 5.39E404 5.39E*OU 5.39E404 5.39E404 
81-133 O.OOE*OO 4.923403 1.18E405 8.26Et05 3.533406 4 .17E407 1.833408 3.15E408 U.76Et08 5.593408 6 . 2 4 E 4 8  6.U6E408 6.472408 
BA-137H 0.00E400 3.46E402 3.46E402 3.46E402 3.46E402 3.46E402 3.46E402 3.463402 3.46E402 3.46Et02 3.463402 3.46E402 3.46E402 
61-139 O.OOE*OO 6.63Et04 1.69E405 1.693405 1.69E405 1.69E405 1.693405 1.69Et05 1.69E405 1.693405 1.693405 1.693405 1.69E405 

88-140 O.OOE*OO 3.07E*04 9.22Et05 9.153406 2.808407 3.573407 3.57Et07 3.573*07 3.573407 3.573407 3.578407 3.573407 3.57E407 
LA-140 0.00E400 4.99E404 9.893405 2.763406 2.92E406 2.928406 2.92Et06 2.92E406 2.923406 2.923406 2.923406 2.92E406 2.92E406 
CE-141 O.OOE*OO 1.722404 4.082405 2.68E406 9.143406 1.93E407 1 . 9 3 E 4 7  1.933407 1.93E407 1.93Et07 1.933407 1.93E407 1.93E407 
CE-143 0.00E400 3.95EtOU 7.7lEe05 2.21E406 3.063406 3.428406 3.42E406 3.42Et06 3.42Et06 3.42E406 3.42E406 3.42E406 3.42E406 
CE-144 O . O O E + O O  7.923404 2.873406 2.02Et07 8.43E407 7.05Et08 l . lBEt09  1.19E409 1.199409 1.19E409 1.19E409 1.19B409 1.19E409 

PR- 1 43 
PR- 144 
RD-147 
PI- 1 47 
PH-1 48H 

PH- 1 48  

EO- 1 54 
EO- 1 5 5  
EU- 1 56 

GD- 162 
TB- 160 
TA- 1 82 
w-185 
W-187 

AU-195 Fl 
BO- 1 9 5  
AU-198 
AU-199 
HG- 1 9 7  

sn-151 

0. OOE 400 3.05E404 7.1UE 4 0 5  
0.00E400 4.23E404 4 .65E+OU 
0.00E400 2.64E404 6.14E405 
0.00E400 6.60B403 1.583405 
0.00E400 1.24E404 3.00E405 

0.00E400 6.533404 1.47E406 
0.00E400 2.15E403 5.16E*04 
0.00E400 2.80E4OU 6.72E405 
0.00E400 6.653403 1.60Et05 
0.00E400 4.01E404 9.413405 

4.31E406 1.12E407 1.43E407 1.431407 1.43E407 1.43Et07 l.43E407 1.43E407 1.43E407 1.43E407 
4.65E404 U.6SE404 4.65E404 4.653404 4.651404 U.65EtOU 4.65EtO4 4.65E404 U.65EtOU U.65E404 
3.591406 8.60E406 1.07E407 1.20Et07 1.25E407 1.26Et07 1.26Et07 1.26E407 1.26E407 1.26E407 
l . l lE406 4.70Et06 5.083407 1.60E408 2.03E408 2.18E408 2.19E408 2.19E408 2.19E408 2.19E408 
2.133406 8.343406 2.208407 2.20E407 2.203407 2.20Et07 2.20E407 2.203407 2 . 2 0 ~ 4 0 7  2.203407 

7.25E406 1.19Et07 1.22P407 1.22E*07 1.223407 1.223407 1.22Et07 1.223407 1.223407 1.22E407 

4.70E406 2.01E407 2.363408 1.01E409 1.68Et09 2.42Et09 2.753409 2.96Et09 3.01E409 3.01E409 
1.12E406 0.763406 S.UUE407 2.1OE408 3.143408 3.923408 4.11E408 4.17Et08 U.17E408 4.17E408 
5.77E406 1.57E407 2.11Et07 2.11Et07 2 . 1 1 ~ 4 0 7  2.11E407 2.11E407 2.11E407 2.11E407 2.11E407 

3.613405 1.55E406 1.88E407 9.233407 1.8172408 3.483408 5.03E408 7.77E408 1.30E409 2.323409 

0. O O E  400 7.793403 7.9 1 E  40  3 7.91 E 4  03 7.9 1 E t  0 3 7.9 1 Et03  
0.00E400 2.703+04 6.45E405 4.38E406 1.69E407 6.47Et07 
0.00E400 1.99E404 4.76E405 3.27E406 1.31E407 7.05Et07 
0.00E400 1.29E404 3.083405 2.1OE406 8.1 1E406 3.2PEt07 
O . O O E + O O  2.U2E404 9.253405 8.42E405 8.48E405 8.48EtO5 

0.00E400 1.221402 1.231*02 1.24E402 1.3OE402 1.733402 
O.OOE*OO 5.5813403 1.34E*05 9.253405 3.80E406 2.661407 
0.00E400 3.16E404 6.73E105 2.481406 2.97E406 2.97E406 
0.00E400 1.45E404 3.1UEt05 1.25E406 1.59EtO6 1.598406 
0.00E400 5.773403 1.23E405 U.49E405 5.363+05 5.37E405 

7.91E*03 7.91E403 7.91E403 7.913403 7 .91Et03  7.913403 7.91E403 

7.92Et07 7.933407 7.93E407 7.933407 7.933407 7.933407 7.933407 
3.351407 3.35E407 3.3533407 3.353407 3.35E407 3.35E407 3 .35Et07  
8.48E405 9.48E405 8.48E405 8.48E405 8.48E405 8.48E405 8.48E405 

1.901402 1.901402 1.90E402 1.90E402 1.90Et02 1.90Et02 1.90E402 
3.57E407 3.57E407 3.573407 3.573407 3.573407 3.57E407 3.57E407 

6.66Et07 6.66E407 6.66Et07 6.663407 6.66Et07 6.66Et07 6.66E407 

2.973406 2.97E406 2.973406 2.973406 2 . 9 7 E 4 6  2.97E406 2.97E406 
1.591406 1.593406 1.593*06 1.593406 1.59E406 1.59E406 1.59Et06 
5.37E405 5.37E405 5.37E405 5.373405 5.37E405 5.37E405 5.37E405 

HG-203 0.00E400 9.81Bt0.3 2.3UE405 1.57E406 5.70E406 1.581407 1.583407 1.58E407 1.582407 1.58E+07 1.58B407 1.58E407 1.582407 
TL-204 O . O O E * O O  2.32Et04 5.57E405 3.89E406 1.663407 1.86Et08 6.65E408 9.32E408 1.08E409 1.10E409 1 . 1 1 9 4 9  1.111409 1.11E409 
TL-208 0.00E400 4.13E403 4.13E403 4.13E403 0.13E403 4.13E403 4.13E403 4.13E403 4.13E403 4.13Et03 4.13EtO3 4.13E403 4.13E403 
TL-210 O.OOE*OO 4.1OE-04 1.6UE-02 3.20E-01 2.583+00 3,.873+01 1.85E402 3.43E402 5.96E402 7.81E402 1.02E403 1.231403 1.29E403 
PB-2OUfl O . O O E + O O  0.00E400 O . O O E + O O  O.OOE*OO 0.00E+00 0.00E400 O.OOE+OO 0.00E400 0.00E400 O.OOE*OO 0.00E400 O.QOE400 O . O O E * O O  

PB-210 0.001400 3.82E403 1.49E405 2.89E406 2.32E407 3.49EtC8 1.67E409 3.10E409 5.37E409 7.043*09 9.16E409 l . l l E t 1 0  1.16E410 
PB-212 O.OOE4OO 3.383404 9.93E405 1.282406 1.28E406 1.28E406 1.28Et06 1.283406 1.28E406 1.28E*06 1.28E406 1.28E406 1.28E406 
PB-214 0.00E400 3.642404 5.90E404 5.903404 5.91E404 5.98E404 6.28EtOU 6.61EtOU 7.13E404 7.51EtOU 8.00E404 8.Y41404 8.56E404 
B1-210fl O.OOE+Oc) 3.743404 8.413405 U.045*06 6.UOE406 6.51EtG6 6.51E406 6.513406 6.512406 6.51Et06 6.51E406 6.513+06 6.51E406 
BI-212 0.00E400 4.75E+04 9.73E+04 9.73E+04 9.73E+04 9.73E+04 9.73E+04 9.73E+04 9.73E+04 9.73E+04 9.73E+04 9.73E+04 9.73E+04 

BI-214 0.00E400 2.583404 2.94E4OU 2.94E404 2.94EtOU 3.00E404 3.22E*OU 3.46E404 3.85E404 4.13E404 4.48E404 4.813404 4.90E404 

W 
I + 
0 
03 



m 0 
rl 
I 
rn 

L L+391'1 
h 0*3 16'8 
60+3EZ'6 
L c*90tl*c 
60+3 5.8' E 

8 O* 3E 1 'h 
60*R98'E 
60+32 L'E 
60*30 L e L 
60+U 1.E 

ho+asL'L 
9 0+36 0 'Z 
90+3lL'L 
0 L+3S8'6 
9 O+Z8S - L 

SOIBLI-I Eo+aog-t oo+aoo-o 
h0tZSE.E E O*a6L'Z OO+~OO'O 
hO+2hE'L EOi390'E 00+300'0 
SO+ZZ9'L EOiatrh'L 00+300'0 
hO+ZlL'Z Z0+308'8 00+300'0 

hO*2OE'L ZO+3Lh'S 00*300'0 
h o+ aLL * Z ZO+3hO '6 00* 300 '0 
ho+BZL'L ZOiiiLL'L 00+300'0 
hO*ZZh'Z EO+3LO't OO+XOO'G 
bO+Z86'Z EO*3hZ'L 00+300'0 

hO+ZSL'L hO+3hL'L 00+300'0 
so+aws tro+ass'z oo+zoo-o 
SOiZLS'h hO+ZlZ'Z 00*300'0 
h0+3bL'S €O+BL6'L 00+300'0 
90tZ60' L hO+38h'9 00*300'0 

ECZ-RQ 
zcz-YY 
LCZ-YV 

. ZhZ-Ild 

LhZ-nd 
OC Z -nd 
6EZ-nd 
8EZ-Ild 
9EZ-Ild 

YOAZ-dN 
6E 2-dN 
8EZ-dN 
LE 2-dN 

htrz-na 

ohz-n 



TABLE 3-28 

DOSE RATE (MREM/YR) PROM SUBNERSION I N  COUTANIUAIED WATER. CONTIQUOOS INFLOW OF 1 N I C B O C U R I E / N L / H R  
RADIATIOU TYPE: PAOTON 

NUCLIDE T = 0 1 AOOR 1 DAY 1 WEER 1 MOUTH 1 YR 5 Y R  10  Y R  20 YR 30 YR 50 Y R  100 Y R 500 Y R  

A- 3 
BE-7 
c-11 
C-14 
8-13 

0- 15  
P-18 
NA-22 
NA-24 
16-28 

AL-2 8 
P-32 
F 3 3  
5-35 
CL-36 

CL-3 8 
A- 37  
A-39 
K-40 
K-42 

K-43 
CA-45 
CA-47 
CA-49 
SC-46 

sc-47  
sc- 4 9 
C R - 5 1  
NN-SZM 
IN-52 

NN-54 
PE- 5 2 
PE-55 
PE-59 
CO-56 

CO-57 
CO-58 
CO-6 0 
NI-56 
NI-6 3 

CU-64 
ZN-65 
ZN-6 9M 
ZN-69 
GA-6 7 

GA-68 

O.OOE*OO O.OOE+OO 0-OOEtOO 0.0OE400 0.0OE400 O - O O E * O O  0.00E400 0.00Et00 0.00Et00 0.00E400 0.0OE400 0.00E400 0 -00Et00  
0.00Et00 9.19Et03 2.19E*05 1.48Et06 5.48E406 1.68E407 1.70Et07 1.70Et07 1.70Et07 1.70E407 1.70Et07 1.70Et07 1.70Et07 
o .ooE*OO 8.15E404 9.37EtOU 9.37EtOU 9.37EtOU 9.37Et04 9.37Bt04 9.37EtOU 9.37Et04 9.37Et04 9.37Et04 9.37EtOU 9.37EtO4 
0 .00Et00  0.00Et00 0.00E*00 0.00Et00 0.00Et00 0.00Et00 0.00E+00 0.00Et00 0.00Et00 0.00Et00 0.00E400 0.00E400 0.00E400 
0.00E+00 4.513404 U.58E404 4.58EtO4 4.58EtOO 4.58EtO4 4.58E404 4.58EtOU 4.58EtOU U.58E+OU 4.58EtOU 4.58EtOU 4.58EtOU 

0.00E+00 9.34EtO3 9.3UE*03 9.34Et03 9.34E403 9.34E403 9.34Et0.3 9.34Et03 9.34E403 9.343403 9.34Et03 9.3UEt03 9.34Et03 
0.00Et00 1.54E405 U.88E405 4.89Et05 4.8913405 U.89EtC5 4.89E405 4.89Et05 4.893405 4.892405 4.89Bt05 4.89Et05 4.89E405 
O . O O E + O O  U- l lE tO5  9.86E406 6.893407 2.93E408 3.163409 9.953409 1.26Et10 1.34E410 1.35E410 1.35E410 1 -35Et10  1 -35Et10  
0.00E+00 7.53E405 1.12E407 1.673407 1.673*07 1.67Et07 1.673t07 1.67Et07 1.67Et07 1.673407 1.67Et07 1.673407 1.67E407 
O . O O E * O O  5.56E405 9.67Et06 1.773+07 1.77Et07 1.77EtC7 1 . 7 7 ~ + 0 7  1.773407 1.77E407 1.77Et07 1.772407 1.77E407 1.77Et07 

0.00Et00 1.79Et04 1.793404 1.79EtOU 1.79EtO4 1.79E404 1.793404 1.79EtOU 1.79Et04 1.79Et04 1.79E409 1.79EtOU 1.79E404 
0.00E+00 0.00Et00 0.00EtOC 0.00Et00 0.00Et00 0.00E400 0.00Et00 0.00Et00 0.00E400 0.00E400 0.00Et00 0.00E400 0.00Et00 
O . O O E + O O  0.00Et00 0.00Et00 0.00Et00 0.00E400 0.00Et00 0.00E400 0.00Et00 0.00Et00 0.00E400 0.00Et00 0.00E400 0.00E400 
0.00E400 O . O O E t O O  O.OOE*OO 0.00Et00 0.00Et00 O.OOEtO0 O . O O E 4 O O  O.OOEtO0 0.00Et00 0.00Et00 O.OOEtO0 0.00Et00 0.00E400 
0.00E400 8.60E-01 2.06E*01 1.4UEt02 6.19E402 7.531403 3.77EtOU 7.53EtO4 1.51Et05 2.26Et05 3.77E405 7.53E405 3.76E406 

0.00E400 1.683405 2.50E*05 2.50E405 2.50Et05 2.50Et05 2.503t05 2.50E405 2.50Et05 2.50E405 2.50E405 2.50Et05 2.50E*05 
0.00Et00 5.07E+01 1.20Et03 7.95Et03 2.75EtOU 6.11E404 6.11EtOU 6.11Et04 6.11EtOU 6.11EtOU 6.11E404 6.11E404 6.11E404 
0.00Et00 0.00Et00 0.00Et00 0.00Et00 O.OOE*OO 0.00E400 0.00Et00 O.OOEtO0 0.00E400 0.00E400 0.00Et00 0.00E400 0.00Et00 
0.00E400 2.92EtO4 7.01Et05 4.91EtO6 2.1073407 2.56Et08 1.28E409 2.56E409 5.12E409 7.673409 1.28Et10 2.56Et10 1 . 2 8 E t l l  
0.00E400 5 . O l E t O U  6.79Et05 9.18Et05 9.18Et05 9.181405 9.183405 9.18Et05 9.18Et05 9.18Et05 9.18E405 9.18Et05 9.18E405 

0.00E400 1.81Et05 3.11Et06 5.86Et06 5.89E406 5.89EtC6 5.893406 5.891406 5.89E406 5.893406 5.89E406 5.89E406 5.89Et06 
0.00E+00 0.00Et00 0.00Et00 0.00E*00 0.00E400 0.00E400 0.00Et00 0.00E400 0.00E400 0.00E400 O.OOEtO0 0.00Et00 0.00Et00 
0.00E*00 1.98Et05 4.47E406 2.17Et07 3.41E407 3.46EtC7 3.46Et07 3.46Et07 3.46Et07 3.46E407 3.46Et07 3.46Et07 3.46E407 
0.00Et00 1.23Et05 1.243405 1.2UEt05 1.24Et05 1.2UEt05 1.2UEt05 1.2UE405 1.2UEt05 1.2UEt05 1.24Et05 1.245t05 1.2UEt05 
0.00Et00 3.76E405 8.99Et06 6.1UEt07 2.4OE*08 l.OUEtC9 1.09Et09 1.09E409 1.09Et09 1.09Et09 1.09E409 1.09Et09 1.09Et09 

0 .00E*00  2.08Et04 4 .SUE405 1.873406 2.46E406 2.47Et06 2.47E*06 2.47E406 2.47Et06 2.47EtO6 2.47E*06 2.47E406 2.47Et06 
0.00Et00 0.00E400 0.00Et00 0.0OE400 0.00Et00 0.00Et00 0.00E400 0.00Et00 0.00E400 0.00E400 0.00Et00 0.00Et00 O.OOE+OO 
O.OOE+OO 6.12E403 1.45Et05 9.43Et05 3.10E406 5.87Et06 5.87EtOh 5.87E406 5.873406 5.873406 5.87Et06 5.87Et06 5.873406 
0.00Et00 2.02E405 2.36F.405 2.39Et05 2.42Et05 2.42Et05 2.423405 2.42E405 2.42E405 2.42Et05 2.42E405 2.42E405 2.42Et05 
o . O o E + O O  6.33E405 1.43EtO7 7.15Et07 1.212+08 3.24EtC8 1.20E*OR 1.248*08 1.2UE408 1.24Et08 1.2UEt08 1.24Et08 1.2UE408 

0.00E400 1.56E405 3.7UEt06 2.60Et07 1.09Et08 9.37E408 1.66Et09 1.69E409 1.69E409 1.69B409 1.69E409 1.6YEt09 1.69E409 
0.00E400 3.793405 6.13E406 7.20Et06 7.26Et06 7.27E406 7.27Et06 7.27Et06 7.27E+06 7.273406 7.278406 7.27E406 7.27Et06 
0.00E*00 2.86Et02 6.863+03 4.79EtO4 2.04EtO5 2.213406 7.06E406 9.01E*06 9.71E*06 9.76Et06 9.76Et06 9.76E406 9.76EtO6 
0.00E400 2.2313405 5.31Et06 3.55E407 1.28E408 3.43EtC8 3.UOE408 3.44E408 3.44E408 3.UUEt08 3.4UEt08 3.44Et08 3.44EtO8 
0.00Et00 6.77Et05 1.62Et07 l.lOE408 U.28Et08 1.77E409 1.84Et09 1.8433409 1.8UE409 1.8UE409 1.84Et09 l.BUE409 1.8UE409 

0.00Et00 2.34E404 5.61Et05 3.90Et06 1.621+07 1.33Et08 i.18E*08 2.20Et08 2.20E408 2.203408 2.20E408 2.20E408 2.20Et08 
0.00Et00 1.82E405 4.35E*06 2.96Et07 1.14EtO8 9.36Et08 U.49Et08 4.49E+08 4.49Et08 U.49EtOR 4.49E408 4.49E408 4.49E408 

0.00Et00 3.26Et05 7.49E*06 4.06Et07 9.123407 2.06Et08 Z.12E408 2.12E408 2.12E408 2.123408 2.12E408 L.12Et08 2.12Et08 
0.00E*00 0.00E400 0.00EtOO 0.00Et00 0 . O O E t O C  0.00E400 0.00E400 0.00Et00 0.00E400 0.00Et00 O.OOEtO0 0.00Et00 0.00E400 

0.00E400 3.60E404 0.963405 6.80E405 6.80Et05 6.80Xt05 6.80E405 6,803405 6.80E405 6.80Et05 6.80E405 6.aOE405 6.80F405 
O.OOEtO0 1.09Et05 2.61Et06 1.81Et07 7.52Et07 5.94Et08 9.15E+08 9.20Et08 9.20Et08 9.20E+08 9.20E408 9.20E408 9.20E408 
0.00E400 7.59Et04 1.09E406 1.56EtO6 1.56Et06 1.56EtC6 1.56Et06 1.56Et06 1.56Et06 1.56E406 1.56Et06 1.56Et06 1.56Et06 
0.00E400 0.00E400 O . O O E 4 O C  0.00E400 0.OOEtOO 0.00E400 0.00Et00 O.OOE+OO 0.00E400 0 .00E400  0.00Et00 O.OOE400 0.00Et00 

0.00Rt00 4.68Et05 1.12Et07 7.85E407 3.35Et08 3.8UEt09 1.50Et10 2.28E410 2.89E410 3.05Et10 3.11Et10 3.11E410 3.11E410 

0 .00~400  3.43EtO4 7.46Et05 3.02Et06 3.89E406 3.90Et06 3.90Et06 3.90E406 3.90Et06 3.90E406 3.90E406 3.90Et06 3.90E406 

0.00E400 1 .33Et05  2.90Et05 2.90Et05 2.90Et05 2.90Et05 2.90Et05 2.90Et05 2.90Et05 2.90E+05 2.90!?*05 2.90Et05 2.908+05 

w 
F 
F 
0 



TABLE 3-26 (continued) 

DOSE R A T E  ( H R E R / Y R )  F R O N  SUBHERSION I n  CONTAEINATED HATER. CONTINUOUS INPLOU OF 1 NICROCORIE/EL/AR 
BADIATION TYPE: PHOTON 

NUCLIDE 
G E - 7 7  
AS-76 
AS-77 
S E - 7 5  

SE-77H 
BR-8ON 
BR-80 
BR-82 
BR-83  

BR-84 
K R - 7 9  
KR-83N 
K R - 8 5 H  
KR-85 

K R - 8 7  
K R - 8 8  
RB-84 
RE-86  
38-88 

R B - 8 9  
RE-9 0 
SR-85 

SR-89 

SR-90 ' 

SR-9 1 
SR-9 2 
SR-9 3 
Y- 87 

Y- 88 
Y-90 

Y - 9 1  
Y-92 

Y-93 
ZR-9 5 
ZR-97  
NB-9 5 N  
NB-9 5 

NB-97M 
NB-97 
HO-99 

Tc-99 

RU-103 
RU-106 

SR- 8 7~ 

Y-91 n 

T c - g g n  



TABLE 3-28 (con!inuedl 

DOSE RATE (RRXR/YR) PRO1 SUBHERSION I N  CONTAMINATED MATER. CONTINUOUS INFLOW OP 1 f l I C R O C U R I E / H L / H R  
RADIATION TYPE: PHOTON 

NUCLIDE 
RH-1 05 
RH- 106  

PD-103 
AG-1 l o 1  
A G - 1 1 1  
CD-1llR 
CD-1131 

CD-115N 
I N - 1  13R 
IN-1 14M 
IN-1 14 
I N - 1  15fl 

SN- 1 13 
SN-1191 
SN-123 
SN- 1 2 5  
SB- 122 

SB-124 
SB-125 
SB- 127  
TE-123 I4 
TE-1251 

TE-1271 
TE- 1 2 7  
TE-1291 
TE-129 
TE- 131 R 

TE- 1 31 
TE-132 
1-123 
1-124 
1-125 

1-126 
1-129 
1-130 
1-131 
1-132 

I- 1 3 3  
1-134 
1-135 
1-136 
XE-1311 

IE-133 N 

T = 0 1 AOUR 1 D A Y  1 HEEK 1 NONTH 1 PR 5 Y R  10 Y R  20 Y R  3 0  Y R  50 Y R  100 YR 5 0 0  Y R  
0.00E400 1.45E404 2.803405 7.20E405 7.48Et05 7.48Et05 7.4flE405 7.48E405 7.4flEt05 7. WE405  7.48E405 7.UdE405 7.48E405 
0.00E400 4.17Et02 4.17E402 4.17Et02 4.173402 4.176402 4.17E402 4.173402 4.173402 4.17E+02 4.17E402 U.l7E+02 4.17Et02 

0.00E400 3.92Et02 9.223403 5.75EtOU 1.65E405 2.38E405 2.38Et05 2.38Et05 2.38Et05 2.38E405 2.38E405 2.38B405 2.38E405 
0.00E400 5.10Et05 1.22E407 8.49E407 3.52EtC8 2.81E+09 4.39E409 4.42E409 4.42E409 4.42E409 4.42E409 4.42E409 4.42E+09 
0.00Et00 7.893+03 2.77Et05 1.53E406 3.00Et06 3.20Et06 3.20E406 3.20E406 3.20E406 3.20E406 3.20E406 3.20Et06 3.20E406 

0.00Et00 1.33E-03 1.333-03 1.33E-03 1.33E-03 1.331-03 1.333-03 1.33E-03 1.33E-03 1.33E-03 1.33E-03 1.333-03 1.333-03 
0.00E400 4.99EtOU 8.69EtO4 8.693+04 8.69Et04 8.69E404 @.69EtOU 8.69Et04 8.693404 8.69E404 8.69Et04 8.bYEt04 8.69E404 

0.00E400 6.20Et03 1.693405 1.18Et06 U.27E406 l . lUEt07  1.15E407 1.15Et07 1.15E407 l . lSE407 1.15E407 1.15E+07 1.15E*07 
0.00E400 3.85Et04 1.13E405 1.13E405 1.13E405 1.13E405 1.13Et05 1.13E405 1.13E405 1.13E405 1.13E405 1.133405 1.13E405 
0.00E400 1.61EtOU 3.84E405 2.58Et06 9.49E406 2.77Et07 2.79E407 2.79E+07 2.79E407 2.79E407 2.799407 2.7YE407 2.79Et07 
0.00E400 1.46EtOl 1.46Et01 1.46E401 1.46EtCl 1 .46E401 1.46E401 1.46Et01 1.46E401 1.46E401 1.46E401 1.46E401 1.46E+01 
0.00E400 2.45EtOU 1.67Et05 1.71E405 1.71E405 1.71E405 1.71E405 1.71E405 1.71E405 1.71E405 1.71E405 1.71E+05 1.71Et05 

0.00Et00 1.41EtOU 1.153t06 8.54E406 3.459407 1.86EtCA 2.09E408 2.09E+08 2.09E408 2.093+08 2.09E408 2.09E408 2.09E408 
0.00Et00 2.03Et03 4.87EtO4 3.38E405 l.4OE+06 l . l l E 4 0 7  1 . 7 1 ~ t 0 7  1.72Et07 1.729407 1 .72Et07  1.72E407 1.72E407 1.723407 
0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 0.001+00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00E400 0.00E+00 
0.00E400 5.82Et04 1.35Et06 7.733406 1.76E407 2.561407 3.97Et07 4.553407 4.763407 U.78E407 4.783407 4.78E407 4.783407 
0.00E400 7.69EtO4 1.643406 6.06Et06 7.283406 7.281406 7.283+06 7.28Et06 7.28Et06 7.283406 7.283406 7.2dE406 7.28Et06 

0.00E+00 3.U3E405 8.18Et06 5.54E407 2.09E408 7.OU1408 7.153408 7.15E408 7.15E408 7.15E408 7.15Et08 7.153408 7.153408 
0.00E400 8.33EtO4 2.00Et06 1.4OE407 5.95Et07 6.5UE+C8 2.11Et09 2.70E409 2.91E409 2.93E409 2.93Et09 2.93E+09 2.93E409 
0.00E400 1.248405 2.73E406 l.lBE407 1.63E+07 1.6UEtC7 1.652407 1.65E407 1.65E407 1.652407 1.65E407 1.65B407 1.65Et07 
0.00E400 2.75EtOU 6.58E405 4.53Et06 1.82E407 l . O O 1 4 C R  1.14Et08 l.lUE408 1.14E40fl 1.14E+08 1.14E408 1.14E408 1.14E408 
0.00E400 6.639403 1.583405 1.07E406 4.01EtC6 1.31E407 1.33Et07 1.338407 1.33E407 1.332407 1.333407 1.333407 1.33Et07 

0.00Et00 1.73E+03 5.01E404 3.91Et05 1.593406 8.31Et06 9.21E+06 9.213406 9.21E406 9. 21E+06 9.21Et06 9.21Et06 9.21E406 

0.00E400 8.98Et03 3.41E405 2.32E406 7.99E406 1.72EtO7 1.72Et07 1.72E407 1.72E407 1.72E407 1.72E+07 1.722407 1.72E407 
O . O O E + O O  9.35E403 2.093404 2.09EtOU 2.09E404 2.09EtOU 2.09E+04 2.093404 2.09Et04 2.09E404 2.09Bt04 2.09E+04 2.09E404 
0.00E400 2.65E405 5.123406 1.27Et07 1.47E407 1.50I407 1.50E407 1.50Et07 1.50E+07 1.50E407 1.50Et07 1.50E407 1.50E+07 

0.00E400 7.32E402 8.5113403 1.02EtOU 1.02E+04 1.02EtO4 1.02EtO4 1.02E+04 1.025404 1.02E404 1.02E404 1.02E404 1.02E404 

0.00Et00 3.782404 5.00E+04 6.58EtOU 8.59E404 8.91E404 e.91E404 8.91E404 8.919404 8.91E+04 8.91E404 8.91E404 8.91E404 
0.00E400 9.61E+O4 8.79EtC6 3.983t07 5.17Et07 5.18E407 5.18E407 5.18E407 5.18E407 5.18Et07 5 . l f lE t07  5.183407 5.18Et07 
O . O O E + O O  3 .089t04  4.30Et05 5.9712405 5.97E405 5.98E405 5.98Et05 5.98E405 5.983405 5.983405 5.983405 5.98E405 5.98E+05 
0.00E400 2.03Et05 4.51Et06 2.03Et07 2.93E407 2.95E407 2.953407 2.953407 2.952+07 2.95E407 2.95E407 2.95E407 2.95E407 
0.00E400 7.71E403 1.84Et05 1.24E406 4.69E+06 1.573407 1 . 5 9 ~ t 0 7  1.59Et07 1.59E407 1.59E407 1.59E407 1.593407 1.59Et07 

0.00Et00 8.08E404 1.89Et06 1.13Et07 2.91E407 3.6UE407 3.643407 3.64E407 3.64Et07 3.64E407 3.64E407 3.642407 3.64E407 
0.00Et00 4.62E403 l . l l E 4 0 5  7.76Et05 3.333406 4.05E407 2.02Et08 4.05Et08 8.09E408 1.21Et09 2.02E+09 4.05E409 2.02E+10 
0.00E400 3.70E405 5.02Et06 6.80E406 6.80Et06 6.8014C6 6.80Et06 6.80E406 6,803406 6.80E406 6.803406 6.80E406 6.80E+06 
O.OOE+OO 7.07E404 1.63E406 8.93Et06 1.82E407 1.97E407 1.97Et07 1.973407 1.97E407 1.97E407 1.97Et07 1.97E407 1.97Et07 
0.00E400 3.643405 1.393406 1.39Et06 1.39Et06 1.39Et06 1.393+06 1.39E406 1.39E406 1.39Et06 1.393406 1.39Et06 1.39E406 

0.00E400 1.23E405 2.083406 3.91Et06 4.04Et06 4.051406 4 . 0 5 ~ t 0 6  4.053406 4.05'2406 4.05E406 4.05E406 4.05Et06 4.05Et06 
0.00E400 3.08E405 5.63Et05 5.63Et05 5.63Et05 5.638405 5.63Et05 5.63Et05 5.63E+05 5.633405 5 .633t05  5 .63Et05  5.63E405 
0.00E400 3.243405 3.313406 3.74E406 3.743406 3.7UE406 3.74E406 3.748406 3.74Et06 3.74E406 3.74E406 3.748406 3.7UE+06 
0.00E400 1.76Et04 1.76EtO4 1.76Et04 1.76Et04 1.76EtCU 1.76EtOU 1.76E404 1.76E404 1.76Et04 1.76E404 1.16EtO4 1.76Et04 
0.00E400 3.723403 8.67EtO4 5.14E+05 1.27E406 1.541406 1.54Et06 1.54E406 1.54E406 1.543406 1.54Et06 l.aUE406 1.54E+06 

0.00Et00 7.532403 1.67EtO5 7.703405 1.21E406 1.23E406 1.23E406 1.23Et06 1.23E406 1.23EtO6 1.23Et06 1.232406 1.23F.406 
0.00E400 8.34E+03 1.88EtC5 9.19E405 1.50EtC6 1.53EtC6 1.533406 1.53E406 1.53Et06 1.533406 1.53EtO6 1.53E406 1.533406 XE- 133  

XE-1351 0.00E400 2.833404 4.35E404 4.63E404 4.63E404 4.631404 4.63EtO4 4.63Et04 4.63EtO4 4.63E404 4.63E404 4.632404 4.63E404 
XE-135 0.00E400 4.41EtO4 5.07E405 6.06E405 6.06Et05 6.06E405 6.06Et05 6.06E405 6.06E405 6.06E405 6.06Et05 6.06E405 6 .06Et05  
XE-137 O.OOEtO0 3.10Et03 3.10E403 3.11E403 3.12E403 3.311403 4.092403 4.98Et03 6.473403 7.65E403 9 .34Et03  1.13E404 1.22E404 

w 
c. 
c. 
r u  



TABLE 3-2B (continued) 

DOSE BATE (HBEH/YR) FEOH SOBHERS IOU XU COHTAHIUATBD PATER. COUTIUIJOOS IHPLOP OF 1 HICBOCOEIE/HL/RE 
RADIAT I O U  T I  PE: PROTON 

NUCLIDE T = 0 1 ROUE 1 DAY 1 PEEK 1 IK)UTB 1 YR 5 YR 1 0  YE 20 YE 3 0  Y E  50 YE 1 0 0  YE 5 0 0  YE 

][E-138 
CS-134 
cs- 135 
CS- 1 36 
cs-137 

0.00E400 1.29E405 1.991405 1.993405 1.993405 1.991405 
0.003400 2.903405 6.963*06 4.863407 2.063408 2.161409 
0.003400 0.00E400 -0.003400 0.00E400 0.003400 0.003400 
0.00E400 3.973405 9.283106 5.573+07 1.433408 1.799408 
0.003400 9.27E404 2.373406 1.663407 7.1 13407 8.56E408 

CS-138 0.00E400 2.26Et05 3.113405 3.11Et05 3.113405 3.111405 
CS-139 0.00Et00 9.693403 1.133404 1.133404 1,13E*04 1.133404 
BA-133 0.003400 6.77E404 1 -623406 1.143407 4,863407 5.741408 
B A - 1 3 7 1  O.OOE4OO 6.443403 6.443403 6.44E403 6.442403 6.491403 
BA-139  0.00E400 7.84E403 2.003404 2.00E404 2.0OE404 2.003404 

1.993405 

0. 003 400 
1.793408 
4.093409 

6.153409 

3.11,3+05 
1.133404 
2.523409 
6.44E403 
2 .OOE+O 4 

1.9934 05 
7.293409 
0.003400 
1.79E408 
7.733409 

3.11 E405 
1.13E+04 

6.4434 03 
2.00E404 

4.333409 

1.993405 1.993405 1.99E405 
7.55E409 7.563409 7.563409 
0.003400 0.00E400 0.003400 
1.793408 1.793408 1.79E408 
1.393410 1.88EtlO 2.573410 

3.113405 3.11E405 3.11E405 
1.13E404 1.13E404 1.133404 
6.563409 7.703409 8.593409 
6.44Et03 6.44E403 6.44E*03 
2.00E404 2.00EtO4 2.00E404 

1.99E405 
7.563409 
0.003*00 

3.39E410 

3.11E405 
1.1 33404 
8.90E409 
6.44E*03 2.003404 

1.792408 

1.993405 
7.56 340 9 
0.0 0340 0 
1.793408 
3.763410 

3,113405 
1.13E404 
8.913409 
6.443403 
2.003404 

81-140 O.OOE400 4.013404 2.683406 4.713407 1.60E408 2.073408 2.073408 2.07E+08 2.073408 2-073+08 2.073408 2.073408 2.073408 
LA-140 0.00E400 4.261+05 8.45Et06 2,363407 2.503407 2.501407 2.503407 2.50E407 2.503407 2.503407 2.503+07 2.503407 2.503407 
CE-141 0.00E400 1.453404 3.44Ei05 2.263406 7.703406 1.633407 1.63E607 1.638407 1.633407 1.633407 1.633407 1.633407 1.633407 
CE-143 0.00E400 5.683404 1.093406 2.70E406 2.793406 2.793406 2.793406 2.793406 2.79E406 2.792406 2.793406 2.793406 2.793406 
CE-144 0.003400 7.123403 2.203405 1.543406 6.433406 5.37E*07 9.003407 9.10E407 9.113407 9.11E407 9.11E407 9.11E407 9.11E407 

PR- 1 43 
PR-144 
ND-147 
pn-147 
PI-1481 

0.0 OE 400 
0.00E400 
0.003400 
0.00E400 
0.00E400 

PH-148 0.00E400 
SB- 151 0.00E400 
BO-154 0.00E400 
E U - 1 5 5  0.00E400 
EO-1 56 0.00E400 

0.00E400 0.00E400 0.00E400 0.003400 0.003400 0.003400 0.003*00 0.00E400 0.003400 0.00E400 0.00E400 
2.143403 2.353403 2.353403 2 . 3 8 4 0 3  2.353403 2.35Et03 2.353403 2.353403 2.353403 2.353+03 2.35Et03 
2.643404 6.143405 3.593406 8.573406 1.01E407 1.01E407 1.013407 1.01Et07 1.01E407 1.01Et07 1.013*07 

3.723405 8.86Et06 5.933407 2.13E408 5.39Et08 5.403408 5.403408 5.40E408 5.403+08 5.40E+08 5.4OEt08 

1.183405 2.663406 1.313407 2.153407 2.191407 2.193407 2.193407 2.19E407 2.19E407 2.193407 2.19E407 
5.113400 1.233402 8.583402 3.683403 4.461404 2.193+05 4.303405 8.283405 1.19E406 1.853406 3,093406 
2.393405 5.74Et06 4.01Et07 1.72E408 2.01E409 8.602409 1.43Et10 2.07E410 2.353410 2.533410 2.573410 
1.203404 2.883405 2.01E406 8.593406 9.81Et07 3.781408 5.66E408 7.07E408 7.41E408 7.523408 7,533408 
2.613405 6.123406 3.75E407 1.023408 1.371408 1.373408 1.373408 1.37E408 1.373408 1.373408 1.372408 

0.003400 0.00E400 0.003400 0.00E400 0.001400 0.00E400 0.003400 0.00E400 O.OOE400 0.00E400 O.OOE+OO 

0. O O E 4 O  0 
2.35E40 3 
1.013407 
0.00E400 
5.40 E 4 0  8 

2.19340 7 

7,53340 8 

5.523406 
2.573410 

1.3 73408 

GD-162 
TB-160 
TI-182 
n-185 
9-187 

AU-195 M 
AU-195 
AU- 1 9 8  
AU-199 
HG-197 

0.00E400 1.87E404 
0.00E400 2.04E 405 
0.00E400 2,44E*05 
0.00E400 0.003+00 
0.00E400 3.13E404 

0. OOE 400 4.58 E402 
0.00E400 1.75E404 
0.00E400 7.523404 
0.00E400 1.8OE404 
0.00E400 1.343404 

1.903404 
4 .87E 406 
5.84E406 
0.00E400 
5.50E405 

4.593402 
4.19E 405 
1 -60E406 
3 . 9 0 ~  405 
2.R5E 405 

1.90EtOU 1.903404 1.90E404 1.903404 1.90E404 1.90Et04 1.90Et04 1.903404 1.90Et04 1.903404 
3.313407 1.27E408 4.896408 5.033+08 5.033408 5.033408 5.03E408 5.03E408 5.03E408 5.033408 
4.01E407 1.61E408 8.641408 9.72E408 9.72Et08 9.723408 9.72E408 9.723408 9.723408 9.723408 

1.09E406 1.103406 l . l O E + O 6  l.lOE406 l.lOE406 l . lOEt06  1.103406 l.lOE406 l.lOE406 l.lOE406 

4.64E402 4.81P402 6.183402 6.723402 6.72E402 6.72Et02 6.723402 6.723402 6.72Et02 6.723402 

5.893406 7.063406 7.061406 7.06Et06 7.063406 7.063406 7.063406 7.063406 7.06E406 7.063406 
1.553406 1.97E406 1 . 9 7 ~ 4 0 6  1.973406 1.973406 1.97E406 1.97E406 1.973406 1.973406 1.973406 
l.OSEt06 1.25Et06 1.253406 1.253406 1.25E406 1.253406 1.251406 1.25E406 1.25E406 1.253406 

0.00E400 0.00E400 0.00E400 0.003400 0.00E400 0.003400 0.00E400 0.00E400 0.00E400 0.00E400 

2.903406 1.193407 8.352407 1.12E408 1.123408 1.12E408 1.12E4Oe 1.123408 1.12E408 1.123408 

HG-203 0.00E400 4.443404 1.06E406 7.08E406 2.58E407 7.13E407 7.163407 7.163407 7.163407 7.16E407 7.16E407 7.163407 7.163407 
TL-204 0.003400 9.983404 8.74E406 6.483407 2.78E408 3.121409 1.12E4lO 1.57E410 1.82E410 1.86E+lO 1.87E410 1.87ZtlO 1.87E410 
TL-208 0.00E+00 4.633404 4.63E404 4.63E404 4.63E404 4.631404 4.63E404 4.63E404 4.63E404 4.63E404 4.633404 4.632404 4.63E404 
TL-210 0.00Et00 4.203-02 4.42E-02 5.823-02 1.12E-01 8.RlE-01 3.99E400 7.373400 1.27E401 1.67Et01 2.173401 2.63Et01 2.753401 
PB-204N 0.00Et00 2.903405 6.282405 6.283405 6.28E405 6.28E405 6.283405 6.28E405 6.283405 6 - 2 8 3 + 0 5  6.283405 6-28E405 6.28E405 

PB-210 0.00E400 8.783402 2.113404 1.473405 6.31E405 7.57EtC6 3.561407 6.61E407 l . l 5 E + O R  1.50EtOR 1.953+08 2.373408 2.48E408 
PB-212 0.00E400 8.24E404 3.083406 4.OOE406 4.00E406 4.OOEt06 4.00Et06 4.003406 4.00E406 4.003406 4.00E406 4.OOEI.06 4.00E406 
PB-214 0.00E400 1.213405 2.133405 2.13E405 2.13Bt05 2.133405 2.13Et05 2.133405 2.133405 2.133405 2.133405 2.13E*05 2.13E405 
BI-21OM 0.00Et00 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 0.003400 0.00E400 0.00E400 0.00E400 0.00Et00 
BI-212 0.00E400 5 . 7 1 E + 0 4  1 . 2 0 E + 0 5  1 . 2 0 E + 0 5  1 . 2 0 E + 0 5  1 . 2 0 E + 0 5  1 . 2 0 E + 0 5  1 . 2 0 E + 0 5  1 . 2 0 E + 0 5  1 . 2 0 E + 0 5  1 . 2 0 E + 0 5  1 . 2 0 E + 0 5  1 . 2 0 E + 0 5  

61-214 0.00E400 1.203405 1.363405 1.36E405 1.36Et05 1.361405 1.36Et05 1.362405 1.36E405 1.363405 1.37E405 1.37E405 1.37E405 

W 
I 
I-. 
I-. 
W 



. TABLE 3-28 (continued] 

DOSE RATE iUREH/YR) PROR SUBHERS ION I1 CONTAHINATED WATER. CONTINUOUS INPLOY OF 1 RICBOCURIE/RL/HR 
R A D I A T I O N  TYPE: PHOTON 

NUCLIDE 
PO-2 10 
PO-2 14 
Po-2 18 
81-220 

RN-2 22 
RA-224 
RA-226 
RA-228 
At-228 

TH-228 
TH-230 
Tti-231 
TH-232 
TH- 2 34 

PA-233 
PA-234n 
PA-234 
5 2 3 2  
0-233 

U-234 
U-235 
11-236 
U-237 
U-238 

U-240 
NP-237 
NP-238 
NP-239 
NP-24OR 

PU-236 
PU-238 
PU-2 39 
PU-240 
PO-241 

PU-242 
PU-244 
An-241 
An-242 
~ n - 2 4 3  

cn-243 
cn-2 44 

CU-242 

CP-252 

T = 0 1 HOUR 1 D A Y  1 UEBK 1 HONTH 1 1 R  5 Y R  10 YR 20 Y R  3 0  Y R  5 0  Y R  1 0 0  YR 5 0 0  Y R  
0.00E400 0.00E400 0.00E400 0.00E400 0.003400 0.00Et00 O.OOEtO0 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 0.00Et00 
0.00E400 1.373-06 1.373-06 1.4OE-06 1.523-06 3.1313-06 9.683-06 1.68E-05 2.81E-05 3.643-05 4.693-05 5-653-05 5.911-05 
0.00E400 1.283404 2.42Et04 2.42E404 2.42E404 2.42E404 2.42E404 2.42E404 2.423404 2.42EtO4 2.423404 2.U2d404 2.U2E404 
0.00E400 1.173402 4.47E403 5.81E403 5.81Et03 5.81Et03 5.81E403 5.81E403 5.813403 5.81Et03 5.813403 5.813403 5.813403 

0 .00Et00  7.63E404 6.92E406 3.13E407 4.35E407 4.36Et07 4.373407 4.373407 4.373407 4.37Et07 4.37E407 4.38E407 4.38E407 
0.00E400 3.903403 2.683406 2.303407 3.30Et07 3.31Et07 3.313407 3.31E407 3.31E407 3.31E407 3.313407 3.31Et07 3.313407 
0.00E400 1.43B403 6.463405 2.39E407 1.94E408 2.851409 1.4UE410 2.89Et10 5.773410 8.64E410 1.43E*ll  2 . 8 4 E t l l  1.31E412 
0.00E400 1.353404 2.33E406 2.31E407 1.04Et08 1.54EtC9 9.74E409 1.82E410 2.62EtlO 2.86Et10 2.96E410 2.97Et10 2.97E410 
0.00E400 1.31E405 1.15E406 1.24E406 1.28E406 1.93Et06 3.183406 3.50Et06 3.563406 3.56E406 3.56E406 3.563406 3.56E406 

0.00E400 6.723402 1.993405 1.68E407 1.50E408 1.91E409 5.32E409 6.203t09 6.36E409 6.37Et09 6.373409 6.37E409 6.37E409 
0.00E400 2.723402 6.533403 4.58E404 1.993405 2.99E406 2.753407 8.633407 2.973408 6.33E408 1.68Et09 6.U2E409 1 .47E411 
0.00E400 5.39E403 9.63E404 1.991405 2.01E405 2.01Et05 2.01E405 2.01E405 2.01E405 2.01Et05 2.01E405 2.01Et05 2.01E405 
0.00E400 4.593403 2.07EtO4 7.71EtO4 6.743405 8.9UE407 2.78E409 1.14E410 3.90E410 7.23Et10 1 .43E4l l  3.223411 1.75Et12 
0.00E400 3.153403 7.578404 4.87E405 1.50E406 2.67E406 2.673406 2.673406 2.67Et06 2.673406 2.67Et06 2.673406 2.673406 

0.00E400 3.75E404 8.89E405 5.77E406 1.88Et07 3.50E407 3.50E407 3.50Et07 3.50E407 3.50E407 3.503407 3.50Et07 3.50E407 
0.00E400 5.09E401 5.09Et01 5.093401 5.09Et01 5.09E401 5.09E401 5.09E401 5.09E401 5.09E401 5.09E401 5.09E401 5.09E401 
0.00E400 5.521405 5.133406 5.593406 5.5%+06 5.59Et06 5.59E406 5.59E406 5.593406 5.59Et06 5.59Et06 5.59E406 5,593406 
0.00E400 3.343402 8.073403 9.51E404 2.133406 3.62E4C8 6.07E409 1.623410 3 .66Et lO 5.523410 8.763410 1 . 4 6 E t l l  2.38341 1 
0.00E400 3.06E402 7.34E403 5.14E404 2.20E405 2.68Et06 1.34Et07 2.68E407 5.36Et07 8.043407 1.34Et08 2.68E408 1.34Et09 

0.00E400 2.85E402 6.84EtC3 4.79E404 2.05E405 2.50E406 1.25Et07 2.50E407 4.99E+07 7.50E407 1.25Et08 2.52E408 1.47E409 
0.00Et00 2.903404 7.283405 5.57Et06 2.45E407 3.01E408 1.50Et09 3.01E409 6.023409 9.03Et09 1.50Et10 3.012+10 1 . 5 O E * l l  
0.00E400 2.66E402 5.94Et03 4.14E404 1.77E405 2.16Et06 1.08E407 2.153407 4.31E407 6.46E407 1 .O8Et08 2.15Et08 1.08Et09 
0.00E400 2.813404 6.431405 3.38E406 6.29Et06 6.59E406 6.59Et06 6.59E406 6.59E406 6.59E406 6.59E406 6.59E406 6.59E406 
0.00E400 6.673403 1.43E404 9.58E404 9.282405 2.733407 1.47EtO8 2.97E408 5.97Et08 8.97E408 1 -50Et09  3.00E409 1.50Et10 

0.00E400 5.023404 8.753405 1.273406 1.27E406 1.27E406 1.27Et06 1.27E406 1.273406 1,273406 1.27E406 1.27Et06 1.273406 
0.00Et00 1.571404 3.883405 3.17E406 1.95E407 4.31Et08 i.30E409 4.63E409 9.29Et09 1.392410 2.333410 4.663410 2.33E411 
0.00E400 1.045405 2.15E406 6.933406 7.713406 7.71E+06 7.71E406 7.71E406 7.713406 7.71Et06 7.7213406 7.723406 7.73Et06 
0.00E400 2.54E404 5.323405 1.82E406 2.08E406 2.08Et06 2.08E406 2.08E406 2.083406 2.08E406 2.08E*06 2.08E406 2.08E406 
0.00E400 1.1OE404 1.103404 l.lOEtO4 l.lOE404 l.lOE404 l . lOEt04 l . lOEt04 1.1OE404 l.lOE404 1.10EMU l.lOE404 l.lOE404 

0.00E400 3.27E402 7.853+03 5.48E404 2.343405 3.653406 9.01E407 3.71Et08 1.14Et09 1.90E409 3.23E+09 5.63E409 9.433409 
0.00Et00 2.803402 6.72E403 4.70E404 2.02Et05 2.44E406 1.203407 2.36E407 4.54Et07 6 .55Et07  1 .01Et08  1.70Et08 3.053408 

0.00Et00 2.41E402 5.783403 4.05E404 1.74E405 2.11Et06 1.06E407 2.11E407 4.22E407 6.32Et07 1.05Et08 2.10E408 1.03E409 
0.00E400 l . lOE402 2.6UE403 1.85E404 7.92E404 9.64F405 4.82E406 9.63E406 1 .93Et07  2.89Et07 4.813407 9.62E407 4.78E408 

0 .00Et00  4-423-04 2.552-01 1.25E401 2.29Et02 3.34Et04 7.84E405 2.913406 l.OlE407 1.99E+07 4.343407 1.08Et08 4.91E408 

0.00E400 2.39E402 5 .713t03  4.00E404 1.71E405 2.08Et06 1.04E407 2.08Et07 4.17E407 6.25Et07 1.04Et08 2.08Et08 1.04E409 
0.00E400 1.12E403 6.10E+05 9.19Et06 4.36E407 5.115Et08 2.733409 5.46E409 1.09E410 1.64E410 2.73Et10 5.U6E410 2.73E411 
0.00E400 4.84Et03 1 . l 6 E t 0 5  8.132405 3.4AE406 4.24E407 2.11E408 4.213408 8.35E408 1.24E409 2.04Et09 3.92E409 1.46E410 
0.00E400 3.023403 4.61E404 7.15E404 7.20Et04 7.56E404 7.69E404 7.71E404 7 .75Et04  7.79EtO4 7.85EtOU 7.97E404 8.21EtO4 
0.00E400 9.51Et03 3.073405 4.05Et06 2.31Et07 3.04Et08 1.53Et09 3.06Et09 6.12Et09 9.17E409 1.53Et10 3.05E410 1 . 5 0 E t l l  

0.00E+00 2.73Et02 6.54E403 4.52E404 1.85Et05 1.22E406 1.59E406 1.65E406 1.763406 1.87E406 2.05Et06 2.UOE406 3.09Et06 
O.OOE+OO 2.44OtOU 5.86Et05 4.10Et06 1.76E407 2.11E408 1.01E409 1.89EtO9 3.373409 4.53E409 6.13Et09 7.91E409 8.64Et09 
O.OOE*OO 1.34E403 3.223404 2.253405 9.63Et05 1.15E407 5.34E407 9.74Et07 1.63E408 2.08B408 2 .60Et08  2.97Et08 3 .06Et08  
0.00E400 1.00E405 2.403406 1.683407 7.12Et07 7.71Et08 2.45Et09 3.11E*09 3.34Et09 3. 35E409 3.36Et09 3.36E409 3.36E409 

W 

c-l + 
P 



TABLE 3-3A I 

DOSE ( R R E B )  PROM SUBRERSION I N  CONTAHINATED YATER. CONTINUOUS INFLOW OF 1 RICBOCORIE/BL/HR 
RADIATION TYPE: ELECTRON 

NUCLIDE 

H- 3 
BE- 7 
c-11 
C-14 
N- 1 3  

0-15 
F-18 
NA-22 
YA-24 
8G-2 8 

AL-2 8 
P-32 
P- 3 3  
s-35 
CL-3 6 

CL-38 
A- 3 7  
A-39 
K-40 
K-42 

K-43 
CA-4 5 
CA- 4 7 
CA-49 
SC-46 

s c - 4 7  
s c - 4 9  
CR-51 
MN-52B 
RN-52 

RN-5  4 
PE- 5 2  
PE-55 
PE- 5 9 
CO-56 

CO-57 
CO-58 
CO-6 0 
NI-56 
NT-6 3 

CU-64 
ZN-6 5 
ZN-69R 
ZN-6 Q 
GA-67 

GA-68 

T = 0 1 HOOR 1 D A Y  1 WEEK 1 BONTH 1 YR 5 Y R  i o  Y R  20  Y R  3 0  YR 50 Y R  100  ra 500 Y R  

0 .00E+00  3.33?-02 1 .92Et01  9.40E+02 1.73E+04 2.51E+C6 5.84E+07 2.14E+08 7.27E+O8 1.41E+OQ 3.03E+09 7.49E+09 4.39E+10 
0.00E+00 4.69E-04 2.6933-01 1.28E+01 2 .14Et02  1.20E+04 7.27E+OU 1.49E+05 3.00E*05 U.52E+05 7 . 5 5 3 + 0 5  1.51E+06 7.58E+06 
0.00E+00 1.193+00 4.88E+01 3.48Et02 1 .49E+03  1.82E+CU F.lOE*OU 1.82E+05 3.64E+05 5.46E+05 9.10R+05 1.82E+06 9.10E*06 
0 .00E+00  2.90E-01 1.67EtO2 8.18E+03 1.50E+05 2.22E+07 5.56E+OA 2.225+09 8 .898+09  2.00E+10 5 . 5 5 E + l 0  2 . 2 L E + l l  5 .45E+12  
0.00E+00 9.933-01 3 .09Et01  2 .18Et02  9 . 3 6 E t 0 2  1.14E+OU 5.69E+04 1.14E+05 2.28E+05 3 .42E+05  5.69E+05 l . lUE+06  5 .693+06  

0.00E+00 3.829-01 9.61Et00 6.74E+01 2.89E+02 3.52E+03 1.76E+04 3.52E+04 7 . 0 3 E t 0 4  1.05E+05 1.76E+05 3 .523+05  1.76EtO6 
0.00~+00 1.16E+00 1 .473+02  1.1UE+03 4 .953+03  6 .05E+04  3.02E+05 6 .053+05  1.21E+06 1.81E+06 3.02E+06 6.05E+06 3.02E107 
O.OOE+OO 1.04E+OO 6.01E102 2.94E+04 5.3RE+05 7.35E+C7 1.35E+09 3.928+09 9 ,7QE+09  1.58E+10 2 .783+10  5.793+10 2 . 9 9 E + l l  
O . O O E + O O  2.955+00 1 .23E+03  1.90E+O4 9.06E+04 1.13E*06 5.682+06 l . l 4 E + 0 7  2 .27E+07  3.41E+07 5.68E+07 1.14Zt.08 5.68E+08 
0.00E+00 6.82E+00 3 . 4 0 E t 0 3  6 .35Et04  3 .18E+05  4.03E+C6 i.O2E+07 4.04E+07 8.08E+07 1 . 2 1 E t 0 8  2.02E+08 U . O U E + O 8  2 .02E+09 

O . O O E + O O  6.81E-01 1 - 7 2 E t 0 1  1.21E+02 5.18E+O2 6.30E+03 

O.OOE+OO 1.345-01 7 . 6 4 E t 0 1  3.50E+03 5.09E+04 1.53E+06 
0.00?!+00 3.015-01 1.73EtO2 8.35E+03 1 .45Et05  l.O8E+C7 
O.OOE+OO 1.38E+00 7 .92Et02  3.88E+O4 7.13E+05 1.06E+08 

O.OOY+OO 3.72E*00 2.11Et03 9.41E+04 1.25E+06 3.04E+07 
3.15E+04 
1.59E+08 
8 .193+06  
7.4 2E + 0 7 
2.64E+09 

6.6 2E+O 5 
1.16E +06 
i.08E *09 
4.70E+09 
1.19E*07 

w 
I 
c. 
c. 
v! 



TABLE 3-3A (continued) 

DOSE (HEEM) F R O H  SUBMERSION I N  CONTAMINATED WATER. COUTIUllOllS INFLOW OF 1 HICROCOEIB/HL/ER 
R A D I A T I O U  TYPE: ELECTRON 

NOCLIDE 
CE-7 7 
AS- 76 
RS-77 
SE-75 

SE- 771 
BR-801 
BE-80 
BR- 82 
BR-83 

BR-84 
KR-79 
KR- 8 31 
KR-851 
KR-85 

K R - 8 7  
KR-88 
RB-84 
RB-86 
RB- 8 8 

RB-89 
RE-90 
SR-85 
SR- 871 
SR-89 

SR-9 0 
SR-9 1 
SR-92 
SR-9 3 
Y-87 

Y-88 
Y- 90 
I-91 U 
Y-91 
Y- 92 

Y-93 
ZR-9 5 
ZR-97 
NB- 9 5 1  
NE-9 5 

NE-9 7n 

no-99 
NB-97 

TC-99n 
K - 9  9 

RU- 103 

T = 0 1 BOOR 1 D A Y  1 Y E B K  1 WUTB 1 'IR 5 YR 10 Y R  20 YE 3 0  YR 50 Y R  100 XR 500 Y R  
O.OOE+OO 3.233400 1.293403 2.05EtW 1.03E405 1.30Et06 6.54E+06 1.31E407 2.623407 3.923407 6.5UE407 1.31E408 6.54E408 
O.OOE+OO 5.623400 2.683403 5.62E404 2.943405 3.76P406 1.88E407 3.773407 7.543407 1.13E+08 1.89Et08 3.77B408 1.89E409 
O.OOE+OO 1,28E+OO 6.48E402 1.66E+09 9.61E+O4 1.26E+06 6.33E406 1.273+07 2.533+07 3.803407 6.34E407 1.27E408 6.34E408 
O . O O E + O O  7.933-02 1.56E401 2.21E*03 3.89E404 3.373406 2.61Et07 5.50Et07 1.13E+08 1.71E408 2.86E408 5.753408 2.88E+09 

0.0dE400 5.473-03 1.32E-01 9.263-01 3.973400 4.83E401 2.11EtO2 4.83E402 9.66Et02 1.45E403 2.41E403 4.83E403 2.4lE404 
O.OOE*OO 2.113+00 9.373402 8.69E403 3.84E404 $.72E+05 2.363406 4.72E406 9.44E406 1.42E407 2.363407 U.723407 2.36E408 
0.00E400 2.02E400 7.69E401 5.473402 2.353403 2.86E+O4 1.433405 2.863405 5.728405 8.57E405 1.433406 2.863406 1.433407 
O.OOE*OO 8.17E-01 9.078402 9.983+03 5.62EtO4 7.31E+05 3.672406 7.353406 1.47E407 2.213407 3.683407 7.353407 3.68E408 
0.00E400 8.263-01 1.3UE+02 1.08E403 4.70E403 5.741+C4 2.87E405 5.743405 1.15E406 1.723406 2.873+06 5.743406 2.873407 

0.00E+00 4.45E400 2.35EtO2 1.69E403 7.26E403 8.85E404 4.42E405 8.853405 1.773406 2.653406 4.42E406 8.853406 4.42E+07 
o.OOE+oO 1.19E-01 5.933401 1.44E403 8.083403 1 .OSE*05 5.283405 1.06E406 2.11E406 3.17E406 5.29E406 1.06E407 5.293407 
0.003+00 1.80E-01 2.323401 1.8OE402 7.823402 9.55Et03 4.78EtO4 9.55EtOU 1.91E405 2.873405 4.78E405 9.55E405 4.78E406 
0.00E400 1,34E+00 3.223402 2.94E403 1.30E404 1.613405 8.233405 1.693406 3.498406 5.353406 9.17E406 1.88E+07 9.623407 
0.00E400 1.30E+00 7.463402 3.66E+04 6.70E405 9.733407 2.24E409 8.113409 2.703410 5.16E410 1 . O B 3 4 1 1  2 .60Et l l  1.49E412 

0.00E400 5.99E400 5.783402 4.33E403 1.87EtOU 2.283405 1.14E406 2.283406 4.57E406 6.85E406 l.lUE407 2.28E407 1.14E408 

0.00E400 6.45E-01 3.693+02 1.74EtO4 2.753405 1.15E407 6.47E407 1.31E408 2.64E408 3.97E+08 6.63E408 1.33E409 6.65E409 
0.00E400 3.46E+00 1.97B403 8.98E404 1.28E406 3.63E407 1.933408 3.89E408 7.813408 1.17E409 1.963409 3.923+09 1.96E410 
O.OOE+OO 5.89E400 2.26E402 1.60E403 6.89E403 8.39E404 4.19EtO5 8.393405 1.683406 2.521406 4.19E406 8.393406 4.19E407 

0.00E400 1.54E400 5.583401 4.10E+02 1.973403 3.5834C4 1.9UE405 3.921405 7.873405 1.1BE+06 1,972406 3.953406 1.983407 
O.OOE+OO 1.183400 3.02E401 2.123402 9.08E402 l . l l F 4 0 4  5,713404 1.18EtOS 2.48E405 3.893405 6.913405 1.523406 8.583406 
0.00E400 4.532-02 2.60E401 1 .28403  2.12E404 1.3OE+06 8.50E+06 1.75E407 3.543407 5.333407 8.923407 1.79E408 8.96E408 
0.00E400 3.353-01 5.88E401 4.83E+02 2.11E403 2.583404 1.293405 2.583405 5.16E405 7.75E405 1.29Et06 2.583406 1.293407 
0.00E400 2.97B400 1.70E+03 8.12E+OU 1.353406 7.29E407 4.37E408 8.91E408 1.80E409 2.713409 4.53E409 9.08E409 4.55E410 

O.OOE+OO 1.03E400 8.10Et02 8.44EtOQ 2.483406 4.40E408 1.08E410 4.17E410 1 .55E4l l  3 .24Et l l  7.86E411 2.3UE412 1,733413 
0.00E400 3.28E+00 1.19E403 1.5OE+C4 7.613+04 1 .41E*06 7.723406 1.56E407 3.143407 4.713407 7.87E407 1.583408 7.88E408 
0.00E400 1.573+00 1.11E403 l.l1E+O4 4.97E404 6.111405 3.062406 6.11F.406 1.228407 1.83Et07 3.063407 6.11E+07 3.06E408 
0.00E400 2.16E400 8.83EtOl 7.76E402 3.44E403 4.22B404 2.11E405 4.228405 8.UUE405 1.27E406 2.11E406 4.223406 2.11E407 
0.00E400 8.95E-02 1.75EtC2 7.56E403 5.92B404 8.523405 4.30E406 8.62E406 1.73E407 2.59E+07 4.323407 8.631407 4.32E408 

0.00E400 2.97E-02 1.71E401 8.27E402 1.45E404 1.193406 8.813406 1.84E407 3.77E407 5.693+07 9.54E407 1.92E408 9.61E408 
0.00E400 4.85E400 2.58E403 8.153404 5.64E405 7.79EtC6 3.93Et07 7.87E+07 1.57E408 2.36E408 3.943408 7.883408 3.94E409 
0.00E400 1.27E-01 9.963400 1.173402 1.163403 5.47F404 3.323405 6.78E405 1.373406 2.06EtO6 3.45E406 6.91E406 3.463407 
0.00R400 3.14E400 1.80E403 8.633+04 1.4SE406 8.41E407 5.16E408 1.06E409 2.14E409 3.22E409 5.38E409 1.08E410 5.40E410 

0.003+00 6.763+00 2.083403 1.743+04 7.60E404 9.30E405 4 .65Ea6  9.30E406 1.86E407 2.79E407 4.653407 9.303401 4.65E408 

0.00E400 7.23E+00 1.49E403 1.28EtOU 5.613404 6.87E405 3.1143406 6.883406 1.383407 2.063407 3.443407 6.88E407 3.44E408 

0.00E400 6.08E400 2.233403 2.813404 1.293405 1.60E406 8.0214406 1.60E407 3.213407 4.81E407 8.02E407 1.60E408 8.02E408 
0.00E400 7.08E-01 4.08E402 2.00E404 3.59E+C5 2.83E407 1.87E+08 3.87E408 7.85E408 1.18E409 1.98E409 3.982+09 1.99E410 
0.00E400 4.13E400 2.55E403 4.38E+OU 2.132405 2.67E406 1.34E407 2.68E407 5.363407 8.05E407 1.34E408 2.68E408 1.343409 
O.OOE+OO 8.48E-01 4.613402 1.63EtOU 1.36E405 2.36E406 1.233407 2.46E407 4.94E+07 7.42E407 1.243408 2.48E408 1.24E409 
0.00E+00 2.80E-01 1.60Et02 7.56E403 1.20E405 5.14E406 2.903407 5.88E407 1.19E408 1.78E408 2.98E408 5.96E408 2.98E409 

O . O O E + O O  2.77E-02 2.493400 1.86E401 8.04E401 9.81E402 4.91E403 9.81E403 1.96EtOU 2.94E404 4.91E404 9.91E404 4.91E405 
O . O O E + O O  2.10E400 1.98Et02 1.481+03 6.40E403 7.81E404 3.903405 7.813405 1.56E406 2.34E406 3.90E406 7.81E406 3.90E407 
0.00E+00 2.223400 1.20E403 3.91EtOU 2.753405 3.81EtC6 1.923407 3.851407 7.71E407 1.16E408 1.93E408 3.862+08 1.93E409 
0.00E400 8.79B-02 2.52EtOl 2.53E402 1.13E403 1.39E40U 6.95EtOU 1.39E405 2.78E405 4.17E+05 6.95E405 1.39Et06 6.98Et06 
0.00E400 5.12E-01 2.95E+02 1.45E404 2.65E405 3.93E407 9.82E+08 3.93E409 1.573410 3. SUE410 9.82E410 3.931411 9.82E412 

0.00E400 4.513-01 3.37Et02 1.65EtO4 2.67E405 1.24Et07 7.10Et07 1.44E+08 2.913408 4. 37E408 7.31E408 1.46E409 7.33E409 
RU-106 0.00Et00 7.423400 4.37E403 2.13E405 3.87E406 4.70EtC8 6.10E409 1.45E410 3.15E410 4.853+10 8.26E410 1.68E4ll  8.48E*ll  
RH-103H 0.00E400 1.59E-01 1.23E401 9.02E401 3.89E402 4.74E403 2.37E+OU 4.74E404 9.483404 1.42E405 2.373405 4.741405 2.37E406 

w 
c. 
c. 
m 



TABLE 3-3A [continued) 

DOSE ( M R E H )  PROM SUBHERSION I N  CONTAMINATED MATER. CONTINDOUS INFLOW OF 1 N I C R O C U R I E / N L / A R  
RADIATION TYPE: ELECTRON 

NUCLIDE T = 0 1 AOUR 1 D A Y  1 U E E K  1 HONTH 1 YR 5 Y R  10 YR 20 Y R  3 0  Y R  50 Y R  100 YB 500 Y R  
RH-105 0.00F400 8.858-01 4.413402 1.08E404 6.703404 7.95E405 3.993406 7.992406 1.60E407 2.401407 4.00Et07 7.993+07 4.00E408 
RH-106 0.00F400 1.78E-01 4.33E400 3.033401 1.30E402 1.583403 7.91E403 1.58E404 3.16EtO4 4.75E404 7.91Et04 1.583405 7.91E405 

PO-103 O.OOP400 2.70E-01 1.53Et02 6.963403 9.77Et04 2.671406 1.41E407 2.8SE407 5.7133407 8.583407 1.43E408 2.86E408 1.433409 
AG-11ON 0.0DE400 4.263-01 2.45Et02 1.19E404 2.15E405 2.40EtC7 2.60E408 5.83Et08 1.23E409 1.88E409 3.17Et09 6.UlEt09 3.23E410 
AG-111 0.00E400 1.92EtOO 1.07Et03 4.42EtOU 4.74R405 8.44E406 4.32E407 8.67E407 1.74E408 2.61 E408 U.34E408 8.693408 4.35Et09 
CD-1118 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 O . O O E 4 O O  0.00Et00 O.OOE400 0.00E400 O . O O E + O O  0.00E400 0.003*00 0.00E400 
CD-113N 0.00E400 3.90E-05 9.363-04 6.553-03 2.81E-02 3.42E-Cl 1.71Et00 3,423400 6.83E400 1.02E401 1.71E401 3.42EtOl 1.7lE402 

C D - 1 1 5 H  0.00E400 l . lOEt00 6.453402 3.11EtOU 5.10Et05 2.55E407 1.49E408 3.043+08 6.142408 9.23E408 1 .SUE409 3.393409 1.55E410 
IN-113H 0.00E400 6.14E-01 7.26EtOl 5.56E+02 2.41E+C3 2.94EtC4 1.47E+05 2.94Et05 5 .89Et05  8.831405 1.47Et06 2.94E406 1.47Et07 
IN-114H O . O O X 4 0 0  2.13Et00 1.26Et03 6.043404 1.00E406 5.391407 3.22E408 6.57B408 1.33E409 2.00E409 3.34B409 6.696409 3.35E410 
IN-1 14 0.00Et00 8.00E-02 1.97E400 1.38E401 5.93E401 7.21E402 3.613403 7.22E403 1.44E404 2.163404 3.61Et04 7.22Et04 3.613+05 
IN-11SH 0.00E400 9.17E-01 2.213402 2.02Et03 8.94Et03 1.10E405 5.493*05 l . lOEt06 2.19E406 3.29E406 5.49E406 1.10Et07 5.49Et07 

SN-113 0.00E400 1.25E-01 3.523402 2.00E404 3.59E4CS 3.07E407 2.34EtOA 4.92E+08 1.01E409 1.52E409 2.553409 5.13Et09 2.57E410 
SN-119H O.OOE400 4.16E-01 2.39Et02 1.17E404 2.10E405 2.33E407 2.503408 5.58Et08 1.183409 1.80E409 3.03Et09 6.123409 3.09E410 
SN-123 0.00E400 2.81E400 1.62EtO3 7.843404 1.38E406 1.24E+08 9.89E408 2.09Et09 4.293409 6.50E409 1.09E410 2.193+10 l . l O E 4 l l  
SN-125 0.00E400 4.62Et00 2.60Et03 l . l l E 4 0 5  1.31E406 2.653407 1.45E408 3.00E408 6.19Et08 9.38E408 1.58E409 3.17E409 1.60Et10 
SB-122 0 .00Et00  3.02EtOO 1 .61Et03  5.12Et04 3.57Et05 4.95Et06 2.49Et07 4.99E407 9.99Et07 1.503408 2.50EtO8 5.003408 2.50E409 

SB-124 0.00E400 2.09Et00 1.203*03 5.763*04 9.713405 5.86Et07 3.64E408 7.473408 1.51E409 2.28E409 3.81EtO9 7.633+09 3.82Et10 
SB-125 0.00Et00 7.02E-01 4.053102 1.99EtOU 3.69E405 5.56E407 1.08E409 3.19E409 8.09Et09 1.31E410 2.323410 4.84E410 2 .50E4l l  
SB-127 0.00E400 1.73Et00 1.16Et03 5.C8Et04 U.32E405 7.11Et06 3.81Et07 7.69Et07 1.55E408 2.32EtOf 3.88E408 7.763408 3.88E409 
TE-123H 0,OOPtOO 5.253-01 3.02Et02 1.46E404 2.57E405 2.23E407 1.73Et08 3.633408 7.453408 1.13E409 1 .e93409 3.80E409 1.91Et10 
TE-1251 0.00E400 5.493-01 3.15Et02 1.51E404 2.53E405 1.49E407 9.223*07 1.893408 3.82EtC8 5.753408 9.62Et08 1.933409 9.66E409 

TE-127N 0.00E400 2.44Et00 1.671403 9.623404 1.75Et06 1.47E408 l . lOEt09 2.303409 4.71Et09 7.12E409 1.19E410 2.4OE410 1.20Et11 
TE-127 0.00Et00 1.23E400 4.35Et02 5.26Et03 2.4CE+04 2.988405 1.499406 2.98E406 5.96E406 8.9YE406 1.49EtO7 2.98E407 1.493408 
TE-129N 0.00Et00 1.89E400 2.17Et03 l.lOE405 1.76E*06 7.30Et07 4.09Et08 8.30Et08 1.67E409 2.513409 4.19Et09 8.4OE409 4.20E410 
TE-129 0.00Rt00 3.56Et00 3.23Et02 2.41Et03 1.04Rt04 1.271405 6.35E405 1.27E406 2.543406 3.81E406 6.35E406 1.27E407 6.35E407 
TE-131M - 0.00Et00 1.64E400 9.99B.02 2.50E404 1.62E+05 2.38E406 1.21Et07 2.42Et07 4.843407 7.26E407 1.21E408 2.42E408 1.21E409 

TE-131 
TE- 1 32 
1-123 
1-124 
1-125 

1-126 
1-129 
1-130 
1-131 
1-132 

1-133 
1-134 
1-135 
I-13h 
XE-13lM 

XE-133 M 
XE- 133  
XE-1351 
XE- 135 

0.00E400 2.31E400 1.073402 8.11E402 3.87E403 5.103404 2.56E405 5.13E405 1.033406 1. SUE406 2.57Et06 5.133406 2.57E407 
0.00E400 6.43E-01 1.42E+03 5.89E404 4.54Et05 6 . 4 9 I t 0 6  3.28E407 6.56E407 1.31E408 1.973408 3.29E408 6.573408 3.293409 
0.00E400 1.44E-01 5.77Et01 8.27Bt02 3.893403 4.86PtC4 2.44Et05 4.87Et05 9.753405 1.463406 2.44E406 4.883406 2.44E407 
0.00E400 1.01E400 5.54EeC2 2.02EtO4 1.692405 2.53E*06 1.28Et07 2.5713407 5.14Et07 7.71E407 1.283408 2.57E408 1.29E409 
0.00EtC0 1.12E-01 6.42Et01 3.073*03 5.18EtO4 3.11Et06 1.93E407 3.963407 8.01E407 1.21E408 2.02E408 4.04Et08 2.03E409 

0.00E400 7.983-01 4.52Et02 2.00EtOU 2.603405 5.983406 3.12E407 6.273407 1 .26Et08  1.89E408 3.153*08 6.30E408 3.15Et09 
O . O O E + O O  3.29E-01 1.90Et02 9.30Et03 1.71Et05 2.532t07 6.32E408 2.53E409 1.013410 2.27E410 6.323t10 2.533411 6.323412 
0.00E400 1.60E400 6.30Et02 8.77E403 4.10E404 5.11E405 2.561406 5.12E406 1.02Et07 1.53Et07 2.563407 5.12E407 2.56Et08 
0.00E400 l . l l E 4 0 0  6.23Et02 2.60Et04 2.883*05 5.3OEt06 2.72E407 5.463*07 1.09Et08 1.64E408 2.74Et08 S.UBE*OB 2.74Et09 
0.00E400 2.69B400 4.04E402 3.22Et03 1.403404 1.71Et05 8.553405 1.71Et06 3.423+06 5.13E406 8.55E406 1.7lE407 8.55EtO7 

0.00E400 2.323400 1.07E403 2.172404 1.23Et05 1.66E406 8.38E406 1.68Et07 3.36Et07 5.043407 8.39E407 1.683408 8.4OEt08 
0.00E400 2.81Et00 2.07EtO2 1.51Et03 6.533403 7.96E404 3.98Et05 7.963405 1.59EtO6 2.39E406 3.98Et06 7.96E406 3.98Et07 
0.00E+00 1.80Et00 7.811402 1.06E*04 4.9OEt04 6.091+05 3.05E406 6.10E406 1.22E407 1.838407 3.05EtO7 6.103407 3.053408 
0.00E400 6.468-01 1.60E+01 1.12E402 4.82Et02 5.86EtC3 2.93EtO4 5.86EtOU 1.17E+05 1.76Et05 2.93E405 5.863*05 2.93Et06 
0.00E400 7.593-01 4.29B402 1.88EtOU 2.38Et05 5.261406 2.74E*07 5.50E407 1.10E408 1.65Et08 2.76E408 5.523*08 2.76E409 

0.00E400 1.02E*00 5.50E402 1.91E404 1.59Et05 2.UlEt06 1.22E407 2.45Et07 4.913407 7.363407 1.23E408 2.46Et08 1.23E409 
0.00E400 7.92E-01 4.38Et02 1.69E404 1.57E405 2.49EtC6 1.27EtO7 2.54Et07 5.09E*07 7.632407 1.27Et08 2.55Et08 1.27Et09 
0.00E400 2.78E-01 2.55E*01 2-65E402 1.19Et03 1 -47EtOU 7.37Rt04 1.47Et05 2.95E405 4.42Et05 7.37E405 1.47E406 7.37E406 
O.OOE*OO 1.72E400 6 iO3Et02  7 i22EtO3 3.30EtOU 4.08E405 2.04E406 4.09Et06 8.18E406 1.23Et07 2.04Et07 U.09E407 2.04E408 

XE-137 O.OOE*OO 1.65E400 4.333401 3.043*02 1.31E403 1.59E404 8.00EtO4 1.61E405 3.263405 4.94Et05 8.37E405 1.72E406 8.90E406 



TABLE.3-3A (continued) 

DOSE (RREI) FROI SUBIEBSION I N  CONTAMINATED WATER. COWTINOOOS INPLOU OF 1 l I C E O C O R I E / l L / H R  
R A D I A T I O U  TYPE: ELECTRON 

NUCLIDE T = 0 1 HOUR 1 DAY 1 YEEK 1 HONTA 1 YR 5 YR 10  YB 20 YR 30 YR 50 YB 100  YR 500 Y B  

)(E-138 0.00Et00 2.82EtOO 1.60Et02 1.15Et03 4.95Ei03 6.03Et04 3.02Et05 6.03Et05 1.21Ei06 1.81Et06 3.02Et06 6.03Et06 3.02Et07 
(3-134 0.00Et00 9.70E-01 5.59Et02 2.73EtO4 4.98Et05 6.68Et07 l . lOEt09 3.163t09 7.54EtO9 1.ZOEtlO 2.08Et10 4.30Et10 2 . 2 0 E t l l  
CS-135 0.00Ei00 3.5UE-01 2.04Et02 1.00Ei04 1.84Et05 2.72Et07 6.80Et08 2.72Et09 1.09Et10 2. USEt10 6.80Et10 2.72Ei11 6.80Et12 
CS-136 0.00Et00 8.10E-01 4.59Et02 2.03Et04 2.63Et05 6.062i06 3.16Et07 6.36Et07 1.28Ei08 1.91Et08 3.19Et08 6.39Et08 3.20Et09 
CS-137 0.00Et00 1.26Et00 7.46Et02 3.66Et04 6.71Et05 9.87EtO7 2.39Ei09 9.23Ei09 3.43Et10 7.20Et10 1 .75Et l l  5 .26Et l l  3.95Et12 

CS-138 0.00Et00 3.91Et00 2.07Et02 1.49Et03 6.4ZEt03 7.82Ei04 3.91Et05 7.82Et05 1.56EtO6 2.35Et06 3.91Et06 7.82Et06 3.91Et07 
CS-139 0.00Et00 3.43Ei00 1.42Et02 1.03EiO3 4.43Et03 5.39EtOU 2.70Et05 5.39Et05 1.08Et06 1.62EtO6 2.70Ei06 5.39Et06 2.70Et07 
BA-133 0.00Et00 2.81E-01 1.62EiO2 7.92Ei03 1.45EtO5 2.11Ei07 4.84Et08 1.75Et09 5.79EtO9 1.10Et10 2.30Et10 5.50Ei10 3 . 1 4 E t l l  
BA-1371 0.00Et00 3.713-02 9.45E-01 6.63Ei00 2.84Et01 3.46Et02 1.73Et03 3.46Et03 6.92Et03 1.OUEtO4 1.73EtO4 3.46EtO4 1.733+05 
BA-139 0.00Et00 4.1OEtOO 4.24EtOZ 3.20Et03 1.38Et04 1.69Et05 8.43Et05 1.69Et06 3.37EiO6 5.06Et06 8.43Et06 1.69Et07 8.43Et07 

BA-140 0.00Ei00 1.74Et00 1.18Et03 8.23Et04 1.37Ei06 3.38Et07 1.77Et08 3.55Et08 7.13Et08 1.07Ei09 1.78Et09 3,57E*09 1.79Et10 
LA-140 0.00Et00 2.85EiOO 1.45Et03 3.77Et04 2.21Et05 2.90Et06 1.46Et07 2.92Et07 5.84Et07 8.77Et07 1.46Et08 2.92EtO8 1.46Et09 
CE-141 0.00Et00 9.81E-01 5.61Et02 2.64EtO4 4.15Ei05 1.68Et07 9.40Et07 1.90Et08 3.83Et08 5.76Et08 9.62Et08 1.933t09 9.6UEt09 
CE-143 0.00Et00 2.26EiOO 1.13Et03 2.94Et04 2.02Et05 3.32Et06 1.70Et07 3.41Ei07 6.83Et07 1.02Et08 1.71Ei08 3.42Et08 1.71Et09 
CE-144 0.00Et00 3.63EtOO 3.87EtO3 1.94EtO5 3.51Et06 4.04Et08 9.65Et09 1.06Et10 2.26Ei10 3.4SEi10 5.8UEt10 1.18Et11 5 . 9 6 E t l l  

PR-143 0.00Et00 1.74Et00 9.86Ei02 4.38EtO4 5.75EtO5 1.36Et07 7.09Et07 1.43Et08 2.86Et08 4.29EtO8 7.16Et08 1.43Et09 7.17Et09 
PR-144 0.00Et00 3.30Et00 1.25Et02 8.90Et02 3.82Et03 U.65EtO4 2.33EtO5 4.65Et05 9.31Et05 1.4OEt06 2.33Et06 4.65Et06 2.33Ei07 
ND-147 0.00Et00 1.51Et00 8.50Et02 3.70EtO4 4.57Et05 9 .95f t06  5.57Et07 1.17Et08 2.43Et08 3.69Et08 6.22Et08 1.25Et09 6.31Et09 
Pa-147 0.00Et00 3.772-01 2.17Et02 1.06EtO4 1.94Et05 2.65Ei07 4.87Ei08 1.42Et09 3.55Et09 5.7UEi09 1.01Ei10 2 . l l E t 1 0  1.09Et11 
Pl-1489 0.00Et00 7.08E-01 4.lOEtO2 2.04EtOQ 3.60Ei05 1.84Ei07 1.07Et08 2.17Et08 4.37Et08 6.58Et08 l . lOEt09  2.20Et09 l . lOEt10  

PI-148 0.00Et00 3.73EiOO 2.06Et03 7.98EtOU 7.48Et05 1.19Et07 6.06Et07 1.22EtO8 2.43Et08 3.65Ei08 6.09EtO8 1.22Et09 6.09Et09 
SI-151 0.00Et00 1.23E-01 7.07Et01 3.46Ei03 6.36EtOU 9.39Et06 2.32Ei08 9.17Et08 3.57Ei09 7.84Et09 2.07Et10 7.35Et10 8 . 9 1 E t l l  
EU-154 0.00Et00 1.60Et00 9.2OEtO2 4.51EtO4 8.27Et05 1.19Et08 2.69Et09 9.51Et09 3.OSEt10 5.66Et10 1.14Et11 2 .64Et l l  1.47Et12 
EU-155 0.00Et00 3.80E-01 2.19Et02 1.07EtOU 1.96Et05 2.78Et07 5.85Et08 1.92Et09 5.5UEt09 9.57Et09 1.79Et10 3.87Et10 2 .06Et l l  
EO-156 0.00Et00 2.29EtOO 1.30Et03 5.82EtO4 7.90Et05 1.98Et07 1.04Et08 2.10Et08 4.21EtO8 6.32Et08 1.05Et09 2.11Et09 1.06Ei10 

GD-162 0.00Et00 6.89E-01 2.15EiO1 1.SZEt02 6.50Ei02 7.91 Et03 3.96Et04 7.91EtO4 1.58EiO5 2.37Et05 3.96Ei05 7.91Et05 3.96EtO6 
TB-160 0.00Ei00 1.54Et00 8.85Et02 4.25Et04 7.26Et05 4.84Et07 3.14Et08 6.47Et08 1.31Et09 1.98EiO9 3.31Et09 6.64Et09 3.33Et10 
TA-182 O.OOEtO0 1.14Ei00 6.53Ei02 3.16EtOU 5.55Et05 4.72Et07 3.60Et08 7.56Et08 1.55EtO9 2.34Ei09 3.93Et09 7.89Et09 3.96Et10 
Y-185 0.00Ei00 7.363-01 4.23Et02 2.03Et04 3.49Et05 2 .39I t07  1.58Et08 3.25Ei08 6.60Ei08 9.95Et08 1.67Et09 3.34Et09 1.67EtlO 
Y-187 0.00Et00 1.39Bi00 6.50Ei02 1.30EtOU 6.64EtO4 8.45EtO5 4.2UEt06 8.48EtO6 1.70Et07 2.5UEi07 4.24Et07 8.U8Et07 4.24Et08 

AU-195I 0.00Et00 1.38E-02 3.35E-01 2.36EiOO 1.04Et01 1.53EtO2 9.023tO2 1.85Et03 3.76Et03 5.66Et03 9.47Et03 1.90Et04 9.52Et04 
AU-195 0.00Et00 3.18E-01 1.83EtO2 8.91Et03 1.59EtOS 1.63Ei07 1.53Et08 3.31Et08 6.89Et08 1.05Et09 1.76Et09 3.55Et09 1.78Et10 
AO-198 0.00Et00 1.81Ei00 9.61Et02 3.05EtOU 2.12EtO5 2.94Ei06 1.48Et07 2.97Et07 5.94Et07 8.90Et07 1.48EtO8 2.97Ei08 1.48EtO9 
AU-199 0.00Et00 8.31E-01 4.47Et02 1.49EtOU l . l l E t 0 5  1.57EtO6 7.92Et06 1.59EtO7 3.17Ei07 4.76Et07 7.94Et07 1.59Ei08 7.94Et08 
HG-197 0.00Et00 3.30E-01 1.75EtO2 5.55Et03 3.84Ei04 5.31Et05 2.68Et06 5.36Et06 1.07Et07 1.61Et07 2.68Et07 5.36Et07 2.68Ei08 

HG-203 0.00Et00 5.60E-01 3.21Ei02 1.53Et04 2.52EiO5 1.29Ei07 7.62Et07 1.55Et08 3.14Et08 4.72Et08 7.88Et08 1.58EiO9 7.91Et09 
TL-204 0.00Ei00 1.32Et00 7.63Et02 3.73Et04 6.83EtO5 9.57EtO7 1.91Ei09 6.01Et09 1.63Et10 2.72Et10 4.94Et10 1 .05Et l l  5.48Et11 
TL-208 0.00Ei00 4.37E-01 1.13Et01 7.92Et01 3.40Et02 4.13Et03 2.07Et04 4.13Et04 A.27Et04 1 .243t05  2.07Ei05 4.13Et05 2.07Et06 
TL-210 0.00Et00 2.25E-08 1.96E-05 2.393-03 8.99E-02 1.91Et01 4.72Et02 1.80Et03 6.56Et03 1.35Et04 3.17EtOU 8.92EiO4 6.03Et05 
PB-204H 0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 O.OOEtO0 0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00EtOO 

PB-210 0.00Et00 2.16E-01 1.77Et02 2.15Et04 8.11Et05 1.723iG8 4.26Et09 1.63Ei10 5.92Et10 1 .22Et l l  2.86Et11 8 .05Et l l  5.44Ei12 
FB-212 0.00Et00 1.64Ei00 1.61Et03 2.22Et04 1.03Ei05 1.28Ei06 6.42Et06 1.28Ei07 2.57Et07 3.85Et07 6.42Et07 1.28Et08 6.42Et08 
PB-214 0.00Et00 2.16Et00 1.55Et02 1.13Et03 4.85EtO3 5.94EtO4 3.05Et05 6.28Et05 1.32EtO6 2.05EtO6 3.61Et06 7.74Et06 4.20Et07 
BI-2lOI 3.24EtO7 6.49Et07 1.30Et08 1.95Ei08 3.25Et08 6.51EtO-8 3.25E*29 
BI-212 0.00Et00 2.95E+00 2.54E+02 1.85E+03 8.00E+03 9.73E+04 4.86E+05 9.73E+05 1.95E+06 2.91E+06 4.86E+06 9.31E+06 4.86E+07 

BI-214 0 . 0 0 E i 0 0  1.95Et00 7.89EtC1 5.62EiO2 2.41Et03 2.97Et04 1.5UEt05 3.21Et05 6.88XtO5 1.09Et06 1.95Et06 4.30Ei06 2.39Et07 

0.00Et00 2.14Ei00 1.18Et03 4.48Et04 4.08Ei05 6.38Ei06 



TABLE 3-3A (continued) 

DOSE (HREH) F R C H  SUBMERSION I N  C O N T A H I N A T E D  UATER. CONTINUOUS INFLOW OF 1 H I C R O C U R I E / H L / H R  
R A D I A T I O N  TYPE: ELECTRON 

NUCLIDE 
PO-210 
PO-2 14 
PO-2 1 8  
RN-2 20 

RN-222 
RA-2 24 
RA-226 
RA-2 28 
AC- 2 28 

TH-2 28 
TH-2 30 
TH-231 
TH-232 
TH-234 

PA-233 
PA-2341 
PA-2 34 
U- 232 
U-233 

U-234 
0-235 
0-236 
U-237 
U-23 8 

0-240 
NP-237 
NP-238 
NP-2 39 
NP-240H 

PO-236 
P0-238 
PO-239 
PO-240 
Pa-241 

PO-242 
PU-244 
AH-241 
AH-242 
AH-243 

CM-242 
CH-243 
CH-244 
CF-252 

T = 0 1 HOUR 1 DAY 1 WEEK 1 MONTH 1 YR 5 YR 10 YR 20 Y R  3 0  YR 50 Y R  1 0 0  Y R  500  Y R  
0.00E400 0.003+00 0.00E400 0.00E400 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E400 0.00E400 O . O O E + O O  0.003400 O.OOE40O 
0.00E400 5.03E-14 4.13s-11 5.021-09 1.89E-07 4.02E-05 9.93E-04 3.793-03 1.38E-02 2.84E-02 6.67E-02 1.883-01 1.27E400 
0.00E400 2.13E-01 1.76E+01 1.28E+02 5.51E402 6.76E+C3 3.473404 7.14E404 1.50E+05 2.333+05 4.10E+05 8.81E405 4.77E*06 
0.00E+00 2.263-03 2.33E+00 3.223401 1.50Et02 1.86E+C3 9.32E+03 1.86E+OU 3.73E404 5.593+04 9.32E404 1.863405 9.32E405 

O.OOE*OC 8.99E-01 2.60E403 9.973404 8.12E405 1.20Et07 6.2413407 1.29E+08 2.70E408 4.20E+08 7.403408 1.53E409 8.61E*09 
O.OOE+OO 4.393-02 8.54E402 7.69&+04 6.98Et05 1.04E+07 5.27E+07 1.06Et08 2.11E+08 3.17E408 5.29E408 1.06E409 5.293*09 
O . O O E + O O  7.293-02 1.943+02 4.79Et04 1.923406 3.96E*C8 1.03E+lO 4.223410 1.75E*ll  4.04E*ll  1.17Et12 4.993412 1.32E*14 
O . O O E + O O  2.871-01 3.51E+02 2.45EtO4 4.89E405 1.07E408 4.72E+09 2.14E410 7 .76E+l0  1 .46E+l l  2.933+11 6.653+11 3.64E+12 
0.00E400 6.49E-01 1.88EtO2 1.91E+03 9.09E*03 2.23E+05 2.56E+06 6.59E+06 1.528407 2.38E+07 4.11Rt07 8.44E+07 4.30E408 

O . O O E + O O  1.141-01 1.08E+02 3.74E404 1.72E+06 3.25E+C8 5.56E409 1.52E410 3.583+10 5.66E+10 9.822410 2.023411 1.03Et12 
O.OOE+OO 7.993-02 4.60E401 2.26E403 4.14E404 6.19Et06 1.61E408 6.73E408 2.951409 7.231*09 2.363410 1 .31E+l l  l.lOE+13 
0.00E400 8.993-01 4.25E+02 8.792403 4.56EtO4 5.83E405 2.92E406 5.858+06 1.17E+07 1.753407 2.922407 5.85Et07 2.92E+08 
O . O O E + O O  2.333-01 U.86EtOl 1.98Et03 3.64E404 9.04E406 9.803+08 8.66E409 6.773*10 2.04E*ll  7 .41E*l l  3.663412 1.09E+14 
O . O O E + O O  7.61E400 4.481+03 2.081+05 3.12E+06 1.04Et08 5.64E+08 1.14E409 2.29E+09 3.44E+09 5.74E+09 1.153410 5.75E+10 

O.OOE+OO 1.18E+00 6.71E402 3.13E+04 U.79??+05 1.72E+G7 9.42E*07 1.90E+08 3.833+08 5.763408 9.613*08 1.923409 9.62E+09 
O . O O E + O O  2.491-01 6.14Et00 4.30E+01 1.843+02 2.24E403 1.12Et04 2.24E404 4.4913+04 6.73EtO4 1.12E+05 2.24E405 1.12E*06 
0.00E400 3.94E400 1.19E+O3 1.24E+04 5.57E404 6.863+05 3.4UE406 6.873406 1.370407 2.063*07 3.44E407 6.873+07 3.44E408 
0 .00Et00  9.08E-02 5.233401 2.63E+03 6.18Et04 4.66E407 3.91EtO9 2.24E+l0 1 . 1 1 E + l l  2 . 6 4 E + l l  7.42E*ll  2.123412 3.14E*13 
O.OOE+OO 3.733-02 2.15E401 1.05E+03 1.93E+04 2.866+06 7.15E+07 2.86E408 1.14E+09 2,573409 7.15E409 2.86E410 7 .15E+l l  

0.00E400 7.363-02 4.24E+Ol 2.08E403 3.82E404 5.65E406 1.41E408 5.652+08 2.26E+09 5.093409 1.41E*10 5.65E+10 1.42E+12 
0.00E400 2.19E-01 2.193+02 2.28E+04 5.34E405 8.53Et07 2.1UE409 8.583+09 3.43Et10 7.723+10 2 . 1 5 E + l l  8 .58E+l l  2.152+13 
0.00E400 6.233-02 3.553401 1.743+03 3.20E+O4 4.73E406 l . l8E+08 4.73E+08 1.89Et09 4.26E409 l . l 8 E + 1 0  4.733410 1.18E*12 

0.00E+00 2.373-01 8.09E+01 1.58E404 9.86E+05 5.04Ei08 1.46E410 5.96E+10 2 . 4 1 E t l l  5.433+11 1.51E*12 6.073+12 1.522414 

0 . O O E t O C  3.31Et00 1.773403 2.663+04 1,26E+05 1.58E+06 7.901+06 1.58E+07 3.168+07 4.74E407 7.90E+07 1.583+08 7.91E*08 
O . O O E + O O  1.09E-01 6.82E+01 4.96E+03 1.87Et05 8.14Ei07 i.37E409 9.662409 3.90'2410 8.81E*10 2.4513*11 9 .84E+l l  2.46Et13 
0.00E400 1.273+00 6.59Et02 1.91E+04 1.21E+05 1.621+06 8.18E406 1.64Et07 3.28Et07 4.93E+07 8.25E*07 1.66Et08 8.47Et08 

O . O O E + O O  1.08Et00 3.12E401 2.20E+02 9.44Et02 1.15E404 5.74E+OU 1.15E405 2.30E+05 3.45E+05 5.75E+05 1.153406 5.753+06 

0.00Et00 7.08E-02 4.08E+01 1.993403 3.65E404 5.13E406 1.34E408 6.703+08 3.5573409 9.023+09 2.70E+10 1.043+11 1.25Et12 
O . O O E + O O  5.76E-02 3.323401 1.63Et03 2.99E404 4.41E+06 1.09E408 4.3lE+O8 1.688+09 3.69E+09 9.74E*09 3.46E+10 4 . 2 2 E t l l  
O . O O E + O O  4.09E-02 2.36E+01 1.16E+03 2.12E404 3.14E+06 7.85E407 3.143408 1.26X409 2.83E+09 7.85E409 3.14E+10 7.812+11 
0.00E400 5.163-02 2.973401 1.46E403 2.673+04 3.96E+C6 9.90E407 3.96E+08 1.58E+09 3.563409 9.88E*09 3.952+10 9.732411 
0.00E+00 3.09E-02 1.78E+01 8.71E402 1.60E+04 2.34E406 5.58E407 2.11E+08 7.58E+08 1.551*09 3.673+09 1.10E+10 1.33E411 

0.00E400 5.03E-02 2.892+01 1.42E403 2.6Oe404 3.853406 9.64E407 3.85EtOA 1.543+09 3.471+09 9.6UE+09 3.853410 9.63E*11 
0.00Et00 5.13E-02 7.54Et02 9.83Et04 2.17E+06 3.39P+08 8.50E409 3.UOE410 1.36E*ll  3 .06E4l l  8 .51E+l l  3.4OEt12 8.513413 
O.OOE*OO 1.75E-01 1.01E402 4.93Et03 9.053404 1.341407 3.3UE408 1.33E409 5.30E*09 1.19E*10 3.263*10 1 . 2 7 E + l l  2.61E412 
0.00E400 1.261-01 5.36E401 8.60E402 4.20E403 6.06Et04 3.39E+05 6.94Et05 1 .4 lE+06 2.153406 3.653406 7.583406 4.23E407 
0.00Et00 8.823-02 1.25B402 2.063+04 6.51E+05 1.171+08 2.96E+09 1.19E+10 4.753410 1.07E*11 2.97E+11 1.18Et12 2.933413 

O.OOE+OO 5.333-02 3.071401 1.49Et03 2.65Et04 2.60E+06 2.34E407 5.12E+07 l . lOE+08 1.733+08 3.08E+08 6.97E408 4.773+09 
0.00E+00 7.19E-01 4.14E*O2 2.03E404 3.73E+05 5.473407 1.323409 5.09E+09 1.88E410 3.94E*10 9.51E410 2 .81E+l l  2.053*12 
O.OOE+OO 2.56E-02 1.47E+C1 7.22Et02 1.32E404 1.9UE+06 4.61E407 1.73E+08 6.17E+08 1.253+09 2.84E409 7.64Et09 5.05EtlO 
0.00Et00 0.00E+00 0.001400 0.00E400 O . O O E + O O  0.00Et00 O.OOE+OO O.OOE+OO O . O O E + O O  0.00E*00 o.ooE+oo 0.00E+00 0.00E400 

0.00E+00 1.06E+00 5.91E102 2.39E+O4 2.47E405 4.23E+06 2.16E407 4.34E407 8.682407 1.30Et08 2.17E+08 4.35E408 2.17E+09 

0.003+00 1.46E400 7.683+02 2.31E+04 1.52Et05 2.07Ei06 1.00Ei07 2.093+07 4.18E407 6.27E+07 1.05E408 2.093+08 1.05E409 



TABLE 3-38 

M)SE [RREM) PROH SUBHERSION I N  COUTAIIUATBD WATER. COATIUOOOS IUPLOW OF 1 RICEOCURIB/IL/ifR 
RADIATION TYPE: PHOTON 

UUCLIDE 

A- 3 
BE-7 
c-11 
c-14 
N-13 

0-15 
P-18 
NA-22 
NA-24 
MG-28 

AL-28 
P-32 
P-33 
s-35 
CL- 3 6 

CL-38 
A- 37 
A-39 
K-40 
K-42 

K-43 
CA-4 5 
CA-47 
CA-49 
SC-46 

sc- 4 7 
sc-49  
CR-5 1 

UN- 52 

IN-54 
PE-52 
PE-55 
PE- 5 9 
CO-5 6 

C O - 5 7  
CO-58 
CO-6 0 
NI-56 
NI-6 3 

CU-64 
ZN-6 5 
ZN-69M 
ZN-6 9 
GA-6 7 

GA-6 8 

~ ~ - 5 2 1  

T = 0 1 ROUE 1 D A Y  1 WEEK 1 EOITA 1 I R  5 YE 10 TR 20 YR 30 Y R  50 YR 100 YE 500 Y E  

0 .00Et00  O.OOE+OO O.OOE*OO 0.00Et00 O.OOE*OO O.OOEtG0 0.00Et00 0.00Et00 O.OOE+OO 0.00Et00 0.00E+00 0.00Et00 0.00Et00 
0.00Et00 5.24E-01 3.01Bt02 l.UUEt04 2.40Et05 1.34E+07 8.12Et07 1.66Et08 3.36Et08 5.053tO8 8.U5E+08 1.69Et09 8.48Et09 

0.00Et00 0.00Et00 0.00Et00 0.00Et00 O.OOE+OO 0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 O.OOE*OO 0.00Et00 
O.OOE+OO 3.99EtOO 1.2UEt02 8.773*02 3.76Et03 U.58Et04 2.29E+05 4.58EtOS 9.163+05 1.37Et06 2.293t06 U.58E+06 2.292*07 

O.OOE*OO 1.01E+00 2 .55Et01 1.79E*02 7.68E+02 9.34Et03 4.673*04 9.3UE+04 1.87E*05 2.80Et05 4.67Et05 9.34E+05 U.67E+06 
0.00Et00 9.34E+00 1.19Et03 9.22B*03 4.OOEtO4 4.88Et05 2.44Et06 U.88E+06 9.77Et06 1.47Et07 2.44Et07 4.89E+07 2.44Et08 
O . O O E + O O  2.35E+01 1.35EtO4 6.613*05 1.21E+07 1.65E*09 3.02Et10 8.80E+10 2.203+11 3.55Et11 6.253+11 1.30E*12 6.71Et12 
0.00Et00 4.33Et01 1.81Et04 2.79Et05 1.33E+06 1.66Et07 8.34Et07 1.67Et08 3.34E+08 5.003+08 8.3UEt08 1.67Et09 8.343*09 
0.00Et00 3.10Et01 l.SOE+OU 2.79E+05 l.UOEt06 1.77E+07 8.87Et07 1.773+08 3.55Et08 5.32EtO8 8.873+08 1.77E+O9 8.873*09 

O . O O E + O O  1.93Et00 4.89EtO1 3.43E+02 1.47E*03 1.791+04 8.9UE+04 1.79Et05 3.58E+05 5.36El.05 R.94E*05 1.79Et06 8.94E+06 
0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 O . O O E + C O  0.00Et00 O.OOE+OO 0.00Et00 O.OOE+OO O . O O E + O O  0.00Et00 0.00Et00 
0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 O.OOEtO0 0.00Et00 0.00Et00 0.00E+00 O . O O E + O O  O . O O E + O O  O . O O B + O O  0.00Et00 
O . O O E + O O  O.OOE*OO 0.00Et00 0.00E*00 O . O C E * O O  0.00E+00 0.00E+00 0.00Et00 O.OOE*OO O . O O E + O O  O . O O E + O O  O.OOE+OO O.OOE*OO 
O . O O E + O O  4.913-05 2.833-02 1.39E*00 2.54EtO1 3.771+03 9.42Et04 3.77Et05 1.51E+06 3.393+06 9.423+06 3.77Et07 9.41E+08 

0.00Et00 1.13E+01 6.59Et02 U.76Et03 2.053+04 2.50Et05 1.253*06 2.50E*06 5.00E+06 7.49Et06 1.253+07 2.50Et07 1.25E*08 
0.00Et00 2.891-03 1.66Et00 7.80Et01 1.2UE+03 5.27Et04 2.97Et05 6.03E+05 1.21E*06 1.82Et06 3.05E+06 6.10Et06 3.05EtO7 
0.00Et00 O.OOE*OO O.OOE+OO 0.00Et00 O.OOE+OO 0.00E+00 0.00E+00 0.00E+00 O.OOEtO0 0.00Et00 O . O O E + O O  O.OOE+OO 0.00Et00 
0.00Et00 1.67E+00 9.603*02 U.70Et04 8.64EtO5 1.28E+C8 3.20Et09 1.28E*10 5.12Et10 1 .15E+l l  3.20Et11 1.28Et12 3.20Et13 
0.00Et00 2.89EtOO l . l3E+03 1.573+04 7.36E+OU 9.161*05 U.59E+06 9.18E*06 1.841+07 2.753+07 U,59E+07 9.18Et07 4.593*08 

O . O O E + O O  1.04E+01 U.78Et03 9.16EtOU 4.63E*05 5.878+06 2.94Et07 5.893*07 1.18Et08 1.77EtO8 2.95Et08 5.89Et08 2.95Et09 
O.OOE+OO O.OOEtO0 0.00Et00 O.OOE*OO 0.00Et00 O.OOEtO0 0,00E*00 0.00E+00 0.00Et00 0.00Et00 O.OOE+OO O.OOE+OO 0.00Et00 
O . O O E + O O  1.13E+01 6.263+03 2.UOEe05 2.18E+06 3.39Et07 1.72E+08 3.45E+08 6.91Et08 1.OUE+09 1.73E+09 3.46E+09 1.73E+10 
O . O O E + O O  1.12E*Ol 3.36E+02 2.37Et03 1.02E+04 1.24Et05 6.193+05 1.24EtO6 2.47Et06 3.711t06 6.19Et06 1.24E+07 6.19E+07 
0.00Et00 2.15E+01 1.233+04 5.9UEt05 1.03E+07 7.47E+C8 5.09Et09 1.05Et10 2.15Et10 3.243+10 5.42Et10 1 .09Et l l  5.45E+11 

0.00Et00 1.19E+00 6.433+02 2.21EtOU 1.70E+05 2.44Et06 1.23EtO7 2.47Et07 4.93Et07 7.40E+07 1.23E+08 2.U7E+08 1.23EtO9 
O . O O T + O O  0.00Et00 O . O O E + O O  0.00Et00 0.00Et00 O.OOEtO0 O.OOE*OO 0.00E+00 O . O O E + O O  O.OOE+OO O . O O E + O O  0.003+00 0.00Et00 
O.OOEtO0 3.49E-01 2.00Et02 9.31Be03 1.43Et05 5.23Et06 2.87Et07 5.81Et07 1.17E+08 1.76Et08 2.93Ee08 5.87Et08 2.94E+09 
O . O O E + O O  1.50Et01 6.32Et02 4.5UE+03 1.97EtOU 2.42Et05 1.21Et06 2.42Et06 4.833*06 7.258+06 1.21E+07 2.42E+07 1.21EtO8 
0.00Et00 3.62Et01 2.00E+OU 7.83Et05 7.49Et06 1.21Et08 6.16EtO8 1.2UEt09 2.47E+09 3.71 E+09 6.193+09 1.24E+10 6.19E+10 

0.00Et00 8.90Et00 5.123+03 2.50Et05 4.52Et06 5.312+08 6.393*09 1.48E+10 3.17E+10 4.86E+10 8.232+10 1 .67E+l l  8 . 4 2 E t l l  
O . O O E + O O  1.8UEt01 1.08Et04 1.27E*05 5.84Et05 7.25Et06 3.633+07 7.27Et07 1.45E+OR 2.18Et08 3.63EeO8 7.273+08 3.63Et09 
0.00E+00 1.633-02 9.40E+00 4.60Et02 8.403+03 1.15E+06 2.13E+07 6.25E+07 1.57E+08 2.55Et08 4.50E+08 9.38E*08 4.843+09 
O . O O E + O O  1.27E+01 7.293+03 3.47E+05 5.68E+06 2.80E+C8 1.66E+09 3.38Et09 6.83E+09 1.03E+10 1.72Et10 3.44EtlO 1 .72E+l l  
0.00Et00 3.86Et01 2.22EtOU 1.07Et06 1.8UE+07 1.29E*09 8.63E+09 1.78E+10 3.62E+10 5.46E+10 9.15Et10 1 .83E+l l  9.202+11 

O . O O E + O O  1.34E+00 7.693+02 3.75EtOU 6 . 7 8 + 0 5  7.692*07 8.65E+08 1.968+09 4.16E+09 6.36E+09 1 .08E+10 2.17Et10 1 . 1 O E + l 1  
0.00Et00 1.04EtOl 5.96Et03 2.87E+05 4.9OEtO6 3.26EIO8 2.12Et09 4.37E+09 8,86E+09 1.3UE+10 2.23Et10 4.483+10 2.256+11 

O . O O E + O C  1.86Et01 1.04E104 U.29E+05 4.91E+06 1.65E+08 1.01Et09 2.07E+09 4.19E+09 6.31E+09 1.06EtlO 2.12E+10 1 .06E+l l  
O . O O E + O O  O . O O E + O O  0.00E+00 0.00Et00 0.00Et00 0,00E+00 0.00Et00 O . O O E + O O  O . O O E + O O  O . O O E + O O  0.00E*00 0.00E+00 0.00E+00 

O . O O E + O O  2.07E+00 8.23Et02 1.16EtOU 5.USEtOU 6.79Et05 3.40Et06 6.80Et06 1.36Et07 2.043+07 3.4OEtO7 6.80Et07 3.40Et08 
0.00Et00 6.22E+00 3.58Et03 1.74Et05 3.14E+06 3.48EtC8 3,72E+09 8.31Et09 1,75E+10 2.67E+10 4.51E+10 9.11Et10 4.59E+11 
0.00E+00 4.3713+00 1.78E+C3 2.63E*04 1.25Et05 1.56E+06 7.79E+06 1.56Et07 3.12Et07 4.6AEt07 7.8OE+07 1.56E+Od 7.80Et08 
0 .00Et00  O . O O E + O O  0.00Et00 O.OOE+OO O . O O E + O O  O . O O E + O O  O.OOE+OO 0.00Et00 0.00Et00 0.00Et00 O . O O E + O O  O . i ) O E + O O  0.00E+00 
O . O O E + O O  1.96!?+00 1.06Et03 3.58Et04 2.70Et05 3.85EtC6 1.94Et07 3.89E+07 7.79E+07 1.17E+OR 1.95Et08 3.903+08 1.95E+09 

0.00E+00 8.33Et00 7.413+02 5.51Et03 2.38Et04 2.90E+05 1.453+06 2.90E+06 5.812+06 8.71E+06 1.45Et07 2.903+07 1.45E+08 

0.00Et00 6.13E+00 2.51Et02 1.79Ee03 7.69E*03 9.37E*09 U.68Et05 9.37Et05 1.87Et06 2.81Et06 U.68EtO6 9.37Et06 U.68Et07 

0.00Ft00 2.675+01 1.54E+04 7.533*05 1.38E+07 1.96E+C9 4.16Et10 1.38E+ll  4 .03E+l l  7 . 0 2 E t l l  1.32Et12 2.883+12 1.53E+13 

W 
I 
w 
N 
0 



TABLE 3-38 (continued) 

D O S E  :FIREM) P R O M  S U B M E R S I O N  I N  C C N T A H I N A T E D  WATER. C O N T I N U O U S  I N P L O H  O F  1 M I C R O C U R I E / M L / H R  
R A D I A T I O N  TYPE: PHOTON 

N O C L I D  E 
G E - 7 7  
A S - 7 6  
AS-  77 
S E - 7 5  

S E - 7 7 H  
E R - 8 0 M  
BR-80 
B R - 8 2  
BR-  8 3 

BR-84 
K R - 7 9  
K R - 8 3 R  
K R - 8 5 M  
KR- 8 5 

KR- 87 
K R - 8 8  
R B - 8 4  
RB- 86 
RB-88 

R E - 8 9  
R B - 9  0 
SR-85 
S R - 8 7 M  
S R - 8 9  

SR- 9 0 
S R - 9  1 
S R - 9 2  
S R - 9  3 
Y-87 

Y - 8 8  
I-90 
Y - 9 1 u  
Y - 9 1  
Y - 9 2  

Y - 9 3  
Z R - 9 5  
Z R - 9 7  
NB-9 5M 
NE-9 5 

N B - 9 7 U  
NB-9 7 

TC-  9 9M 
T C - 9 9  

R U - 1 0 3  
R U - 1 0 6  

no-99 



ZEL-I 
Lfl-I 
OEL-I 
621-1 
921-1 

SZL-I 
hZL-I 
Eel-I 

Zf 1-33, 
LE l-ZJ 

N 
N r-l 

l-6 

6 04 ab 9'f 8 Ot3 82' L 8 0*3 h 9' E 
0 LtZ8E.Z 60t3L9-h 60ta8Z-Z 
ootaoo-o ootaoo-o ootaoo-o 
60tZ6S-8 6Ot3LL'L 80+8hb'8 
LLtaSO'l OLt380'2 OL+BhO'L 

LOtBLS.8 LOtBLL'L 90t3LS.8 
EOtZOE'L EO*39h'L ZO+POE'L 
Olt36E'L 6Ot38L-2 60+36t'L 
LOtaE9'S LO+3El'L 90+8E9'S 
6OtXbL'S 60tBSL'l BO+aZL'S 

eOt381'2 80+3Sb'L 
60tPZE'l 80+8fb'8 
ootaoo'o 00+a00-0 
80+ZOO'S eo+aez'f 
60t381'9 bO+Z6O'b 

9o*ac1 'S 90+aEh'E 
zota8E-ti ZOt826'Z 
8O+XlE'8 8o*azs's 
90tZBE 'E 90+3SZ'Z 
8OtaZb 'E eo+asz '2 

LOtaLZ'L 
80*aEL'E 
00+300 '0 
8OtZ9S'l 
60 +ZOO Z 

90+ZL L' L 
ZO+a9b'L 
80 +PEL 'Z 
90*ZEL - 1 
80+aEl'L 

Lo+ ars - t 80t BLS'L 
oo+aoo'o 
L 04 aS6 '9 
8O+ZlS'6 

SO+aLS'8 
LO+BOE'L 
8 Ot ab€ - L 

LO+abS'S 
s 04 ar9- s 

go taoz -L 
Lot3 8 1'2 
oo*aoo- 0 
90 t ZBh' 9 
83 +3SZ' L 

so+3 LL'l 
LOtZC9b' L 
LOt3bZ'Z 
so +a f 1' L 
90t89h.6 

S 0 +a02 'S 
SO+ZSS'6 
0 0 +a0 0.0 
h 0 *ab 8 ' S 
90 +a9 c 1 

bo t30 b -1 
00 *a0 2 - 1 
SO+aLL'b 
EO+aE2'6 
SO t868.1 

e0tasc-L EotafE-z ootao1r-b ootaoo-o 
hOt320'8 fOtBL8' L OOtBZE'E OO*ZOO'O 
OOt300'0 00+300'0 OOtZOO'O OO*~OO'O 
EOtBSZ't LOtZL9-9 LO-a9L.L OO+ZOO'O 
cotact-8 totasb-~ LO-aos-9 oo+aoo*o 

EOta9l'E ZOta9b.E 00tZfb'L OO+ZOO'O 
LO-aOB'Z 20-ZOO'b EO-ZZ9.L OO*aOO'O 
eotzLs-z ZO~ZLZ-S LO-PLl'6 oo+aoo-o 
EOtZEl't zO+a8L'Z OO*aSE'Z 00*~00'0 
botabt-i zota9z-z Lo-azs'f oo+aoo'o 

ZZL-as 
SZ 1 -NS 
E2 1-NS 

Y6L 1-NS 
EL L -NS 

US1 L-NI 
hLC-NI 

Ybl 1-NI 
YE1 1-NI 
us1 c-a3 



TABLE 3-38 (continued) 

DOSE (MREH) FROR SUBHERSION I N  C O N T A H I N A T E D  WATER. CONTINOOIIS INFLOW OF 1 U I C E O C U R I E / R L / H R  
B A D I A T I O N  TYPE: PHOTON 

NUCLIDE T = 0 1 HOUR 1 D A Y  1 WEEK 1 HONTA 1 1IR 5 Y R  10 Y R  20 Y R  3 0  YR 5 0  Y R  100 Y R  500 PR 

XE-138 0.00Et00 8.10Et00 5.24Et02 3.79E403 1.63E*04 1.99Et05 9.94Et05 1.99Et06 3.98Et06 5.96Et06 9.9UEt06 1.991407 9.9UEt07 
CS-134 0 .00Et00  1.66E401 9.53E403 4.66Et05 8.50Et06 1.14Et09 1.95Et10 5.39Et10 1 . 2 9 E t l l  2 . 0 4 E t l l  3.55Et11 7.33Et11 3.763412 
CS-135 0.00Et00 0.OOEtOO 0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00E400 O.OOEtO0 0.OOEtOO 0.00Et00 0.00Et00 0.00E400 
CS-136 0 .00Et00  2.26Et01 1.28EtO4 5.67Et05 7.36Et06 1.70Et08 8.85Et08 1.78Et09 3.57Et09 5.35Et09 8.93EtO9 1.79E410 8.94EtlO 
CS-137 0.00E400 U.99EtOO 3.232*03 1.59E405 2.92Et06 4.29E4C8 1.04E410 4.01Et10 1 . 4 9 E t l l  3 . 1 3 E t l l  7.63E411 2.29E412 1.72Et13 

CS-138 O.OOOtO0 1.56E401 8.25Et02 5.94Et03 2.55E404 3.11E405 1.56E406 3-11Et06  6.22E406 9.33Et06 1.563407 3.11E407 1 .563t08  
CS-139 0 .00Et00  8.433-01 3.02Et01 2.16Et02 9.29E402 1.13Et04 5.65E404 1.13Et05 2 - 2 6 E t 0 5  3.392405 5.65E405 1.13E406 5.65Et06 
EA-133 0 . 0 0 E t 0 0  3.86Et00 2.233403 1.09Et05 2.00Et06 2.90Et08 6.65E409 2.4OEt10 7 .973t10  1 . 5 2 E t l l  3 . 1 6 E t l l  7.57Et11 4.32Et12 
BA-137fl 0.00Et00 6.90E-01 1.76Et01 1.23E402 5.29Et02 6.44E403 3.22E404 6.44Et04 1.29Et05 1.93Et05 3.22Et05 6.44E405 3.22Et06 
BA-139 0.00Et00 4.85E-01 S.OlE4Ol 3.78Et02 1.64E403 1 -99EtOU 9.98EtO4 2.00Et05 3.99Et05 5.99EtOS 9.983405 2.00E406 9.983406 

BA-140 0.00Et00 2.22Et00 2.92E403 3.86Et05 7.62E406 1.95Et08 1.02Et09 2.06Et09 4.12Et09 6.19Et09 1.03Et10 2.07Et10 1 . 0 3 E t l l  
LA-140 0.00Et00 2.44Et01 1.24Et04 3.233405 1.89Et06 2.481t07 1.253408 2.50E408 5.00E408 7.49Et08 1.25Et09 2.503409 1.25Et10 
CE-141 0.00Et00 8.27E-01 U.73E402 2.22EtO4 3.50Et05 1 A 2 E t 0 7  7.92EM7 1.60E408 3.23B408 4.86Et08 R . l l E t 0 8  1.62Et09 8.13Et09 
CE-143 0 .00Et00  3.25Et00 1.61Et03 3.85EtOU 2.14Et05 2.77EtC6 1.39Et07 2.78Et07 5.57Et07 8.36Et07 1.39Et08 2.79Et08 1.39EtO9 
CE-144 O.OOP400 3.623-01 2.98EtC2 1.48Et04 2.67Et05 3.08E407 3.54E408 8.08Et08 1.72Et09 2.63E409 4.45Et09 9.00E409 4.54E410 

PR-143 0.00E400 0.00Et00 0.00Et00 0.00Et00 0.00E400 0.00E*00 0.00Et00 0.00Et00 0.00E+00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 
PR-144 0.00Et00 1.67E-01 6.32Ee00 4.49Et01 1.93Et02 2.35EtG3 1.17EtOU 2.35EtO4 4.69EtO4 7.04Et04 1.17E405 2.35E405 1.17Et06 
ND-147 0.00E400 1.51E400 R.SOE402 3.69EtOU 4.56E405 9.67Et06 5.01Et07 1.01Et08 2.02E408 3.03EtO8 5.052408 1.01E409 5.06E409 
PM-147 0.00Et00 0.00Et00 0.00E400 0.00E400 O.OCEtC0 O . O O E + C O  0.00Et00 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 
PH-1080 0.00Et00 2.12E401 1.22Et04 5.79Et05 9.46Et06 4.52EtC8 2.61Et09 5.31Et09 1.072*10 1.61E410 2.69Et10 5.39Et10 2.70Et11 

PM-148 0.00Et00 6.72Et00 3 .72Et03  1.44Et05 1.35Et06 2.151tC7 1.09Et08 2.19E408 4.38E408 6.58E408 l.lOE409 2.19Et09 l . l O E t l 0  
SH-151 0 .00Et00  2.92E-04 1 .68E-01 8.23Et00 1.51Et02 2.231t04 5.52EtO5 2.188406 8.50Et06 1.86Et07 4.92Et07 1.753408 2.12Et09 
EO-154 0.00Et00 1.36EtOl 7.86Et03 3.85Ee05 7.063406 1.02E409 2.30E410 8.12Et10 2 . 6 0 E t l l  0 . 8 3 E t l l  9.75E411 2.253412 1.25E413 
EU-155 0 .00Et00  6.853-01 3.943402 1.93EtOU 3.54Et05 5.02Et07 l.OSEt09 3.47E409 1 . O O E + l O  1.73E410 3 .23Et10  6.993410 3.71Et11 
EU-156 0 .00Et00  1.49Et01 8.45Et03 3.79Et05 5.14Et06 1.29E4C8 6.79EtO8 1.37Et09 2 - 7 4 E t 0 9  4.11E409 6.86Et09 1.37E410 6.87Et10 

GD-162 0.00Et00 1.66Et00 5.17E401 3.65Et02 1.57Et03 1.90E404 9.52E404 1.90E405 3.81E405 5.71Et05 9.52E405 1.90Et06 9.52E406 
TB-160 0 .00Et00  1.16Et01 6.69E103 3.21Et05 5.49Et06 3.65EtC8 2.37Et09 4.89Et09 9.92Et09 1.49E410 2.50Et10 5.02Et10 2.51Et11 
TA-182 0 .00Et00  1.39Et01 8.01EtO3 3.88Et05 6.80E406 5.79EtC8 4.423409 9.28Et09 1.90E410 2.87Et10 4.81Et10 9.67Et10 4 . 8 5 E t l 1  
11-185 0 .00Et00  0.00Et00 0.00E+00 0.00Et00 0.00Et00 O.OOE+OO O.OOE+OO O . O O E + O O  0.00Et00 0.00Et00 O.OOE+OO 0.00E400 0.00Et00 
W-187 0 .00Et00  1.80Et00 8.40E402 1.67E104 8 .58E404  1.09EtC6 5.48EtO6 l.lOE+07 2.19Et07 3.29Et07 5.48Et07 l.lOE408 5.483*08 

AU-195tl 0.00Et00 5.173-02 1.26E400 8.8UEt00 3.86EtOl 5.56Et02 3.21E403 6.57Et03 1.33EtO4 2.00E404 3.35E404 6.71E+O4 3.361405 
AU-195 0.00Ft00 9.99E-01 5.753402 2.79Et04 4.99E405 5.10E407 4.79E408 1.04E+09 2.16Et09 3.28EtO9 5.52Et09 1.11E410 5.60E410 
AO-198 0.00Et00 4.30Et00 2.29E403 7.26Et04 5.05E405 6.98Et06 3.52Et07 7.05E407 l .UlEt08  2.12Et08 3.533408 7 .06Et08  3.533409 
AO-199 0.00Et00 1.03Et00 5.543402 1.85Et04 1.37Et05 1.94Et06 9.82Et06 1.97Et07 3.93E407 5.90Et07 9.84Et07 1.97Et08 9.843408 
HG-197 0.00Et00 7.682-01 4.08E*02 1.29Et04 8.953404 1.241406 6.233406 1.251407 2.50Et07 3.75Et07 6.24EM7 1.25Et08 6.24Et08 

AG-203 
TL-2 04 
TL-2 08 
TL-210 
PB-2 04 M 

PB-2 10 
PB-2 12 
PB-214 
BI-2 l O H  
BI-2 12 

0.00Et00 2.533*00 1 .45E+03 
0.00Et00 3.99Et00 1.12E404 
0.00Et00 4.90E400 1.273402 
0.00Et00 4.643-06 1.18E-04 
0.00Et00 1.83E101 1.60Et03 

0.00Et00 5.01E-02 2.89EtOl 
O.OOP400 3.65Et00 4.9UEt03 
0.00E400 6.572400 5.57Et02 
0.00Et00 0.00Et00 0.00Et00 
O.OOE+OO 3.41E+00 3.22E+02 

6.913*04 1.14Et06 5.85Et07 3.453408 7.033408 1.42E409 2.14Et09 3.57Et09 7.15Et09 3.58E410 
6.163*05 1.14Et07 1.61Et09 3.22E410 l . O l E 4 1 1  2.74Et11 4.58Et11 8 . 3 1 E t l l  1.76Et12 9.22Et12 
8.88Et02 3.81Et03 4.63F404 2.32E405 4.63Et05 9.27Et05 1.39EtO6 2.32Et06 4.63Et06 2.32Et07 
9.602-04 6.323-03 4.641-C1 1.03E401 3.90Et01 1.41E402 2.89EtO2 6.781402 1.91Et03 1.293404 
1.19E404 5.15Et00 6.27Et05 3.14E406 6.28E406 1.268407 1.88E407 3.14E407 6.28Et07 3.14Et08 

1.41Et03 2.60Et04 3.81EtC6 9.143407 3.48Et08 1.26Et09 2.6OEt09 6 . 1 0 E a 9  1.71Et10 1.16Et11 
6.91E404 3.212405 3.991406 2.00E*07 4.00E407 8.00E407 1.20Et08 2.OOE+O8 4.30Et08 2.00E409 
4.05Et03 1.74EtOU 2.131405 1.06E406 2.133406 4.25Et06 6.38EtO6 1 .06Et07  2.13Et07 1.07Et08 
0.00Et00 0.00Et00 0.00Et00 0.00E400 0.00Et00 O.OOE*OO O.OOE+OO 0.00EMO 0.00E400 0.00Et00 
2.29E+03 9.85E+03 1 .20E+05 6.00E+05 1.20E+06 2.40E+06 3.59E+06 6 . 0 0 E t 0 6  1.20E+07 6.00E+07 

W 
I 
c.’ 
N 
W 

BI-214 0.OOEtOC 9.05Et00 3.663402 2.603403 1.12Et04 1.36E405 6.813*05 1.36Et06 2.733406 4.09E406 6.823*06 1.36E407 6.833t07 
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V 1 ,  

1 
7 
3 
4 
5 
6 
7 
R 
9 

10 
1 1  
17 
13 
1 4  
1 5  
l h  
17 
18 
1 9  
7 0  
7 1  
7 7  
73 
7 4  
75 
7 b  
77 
28 
29  
30 
3 1  
37 
3 3  
34 
3 5  
36 
3 7  
3R 
3 9  
40 
41 
4 7  

TABLE 3-4 
DOSE RATE FACTORS FOR IMMERSION IN CONTAMINATED AIR (rnremlyr per uCi/rnl)a 

ELFCTRON OnSE R A T E  

NI1T.L 1OE 
LARFL 

3 0 3  

3 60 
314 
361 
307 
3 6 3  
317 
3 09 
3 76 
377 
? 10 
509 

317 
37A 

506 
379 
31 5 
3 87 
111 
3 A0 
3R7 
316 
381 
383 
304 
3 64 
365 
305 
371 
307 
3n8 
3 66  
347 
343 
123 
390 
3 84 
3 74 
325 

302 

3in 

5 i n  

NUCLIDE OOSF R I T E  
NAME MILLIRECS/YR 

H3 
R F7  

C 14 
N 1 3  

F 1 8  
NA72 
NA74 
MG78 
AL28 
P 37 
P31 
< 35 

c 1 1  

1-115 

c ~ 3 6  
c ~ 3 8  
A37 
I 39 
K4n 
K 47 
K 43 
C A45 
CA47 
C A49 
qc46 
qt.47 
tC49 

HN52M 
MN52 
MN54 
FF57 
FE55 
FF59 

~ R S I  

c n56 
cn57 
cn58 
CnhO 
N I56 
N I 6 3  
C U6C 
ZN65 

0.555E 0 8  
0.782F 0 6  
0.353F 1 0  
0.4E3E 0‘4 
0.451E 10 
0.683F 10 
0.217E 1 0  
0.174E 10 
0.459F 1 0  
0.149E 10 
O.112E 11 
0.619F 10 
0.224E 0 9  
0.502E 0 9  
0.229F 1 0  
0.140F 11 
C.188E OR 
0.182E 10 
0.4C8E 1 0  
0.128E 1 1  
0.272E 10 
0.781E 09 
0.314E 1 0  
C.774F 10 
O . l l O E  10 
0.155E 1 0  
0.731E 10 
0.333F 0 8  
0.101F 11 
0.583F 0 9  
0.354F O R  
0.175E 1 0  
0.372F 08 
0.117E 1 0  
0.134F 10 
0.163F 09 
0.779E 09 
0.966E 0 9  
0.669E 06 
O.186E 09 
0.113E 10 
O.5SOE 08 

PHOTON DOSE R A T E  TOTAL DOSE RATE 

hUCLlOE 
LAM €L 

30 3 
302 
36 0 
314 
36 1 
362 
30 3 
312 
309 
376 
3 1 1  
31 0 
SOL, 
31 8 
31 7 
5.16 
510 
506 
379 
31 5 
38 7 
311 
3 t i O  
382 
316 
381 
3b 3 
504 
304  
365 
305 
37 1 
30 7 
308 
366 
342 
343 
3.2 3 
3 Y  0 
384 
324 
32 5 

t i3 
BE7 
C l l  
C 14 
NA3 
(715 
F18 
NA22 
NA24 
MG28 
AL28 
P 3  2 
P33 
535 
CL36 
CL38 
A37 
A 39 
K4 0 
K42 
K43 
C A45 
c447 
CA49 
SC46 
sc47 
SC49 
CR51 
MN52M 
MN52 
Mh54 
FE52 
FE55 
F F59 
C056 
c c 5 7  
C058 
C C 6 0  
N I 5 6  
N163 
CU64 
Z h65 

0.0 
0.437F 0 9  
0.905E 1 0  
0.0 
0.906E 10 
0.907F 10 
0.878E 10 
0.195E 11 
0.366E 11 
0.119E 11 
0.158E 11 
0.0 
0.0 
0 .o 
0.409E 05 
0.133E 11 
0.241E 0 7  
0.0 
0.139E 10 
0.245E 10 
0.873E 10 
0.0 
0.944E 10 
0.280E 11 
0.178E 11 
0.991E 09 
0.0 
0.291E 09 
0.217E 11 
0.302E 11 
0.743E 10 
0.652F 10 
0.136E 08 
0.106E 11 
0.322E 11 
0 - l l l E  10 
O.866E 10 
0.222E 11 
0.155E 11 
0.0 
0-176E 10 
0.517E 10 

303 
3 0 2  
3 6 0  
3 14 
36 1 
362 
3b3 
3 12 
304 
37.5 
377 
3 10 
5 0 s  
31E 
317 
378 
5 10 
5 0 6  
3 7 s  
3 1 5  
387 
3 1 1  
380 
3 82 
3 16 
38 1 

3 0 4  
3 6 4  
36 5 
305 
3 7 1  
3 0 7  
30E 
36.5 
342 
343 
323 
3YC 
3 0 4  
324 
325 

3 a 3  

NUCLIDE DOSE RITE NUCL I D €  
NAME MILLIRFMS/YR LABEL 

NUCL I O E  
NAME 

ti3 
BE 7 
C l l  
C14 
N13 
015 
F18 
NA22 
NA24 
MG28 
AL28 
P32 
P33 
53 5 
CL 3 6  
CL 38 
A37 
A39 
K40 
K42 
K43 
CA45 
CA47 
CA49 
SC46 
SC 47 
sc49 
CR51 
MN52M 
MNS2 
MN 54 
FE52 
FE55 
FE59 
COS6 
COS7 
C O S 8  
CO60 
N I 5 6  
N I 6 3  
CU64 
ZN65 

nosE R A T E  
MILLIREYS/YR 

0.555E 08 

0.126F 11 
0.483E 09 
0.136E 11 
0.159E 1 1  
0.109E 11 
0.213E 11 
0.416E 11 
0.134E 11 
0.27OF 11 
0.619E 1 0  
0.224E 0 9  
0.502E 09 
0.229E 1 0  
0.273E 11 
0.213E C 8  
0.182E 1 0  
0.547E 1 0  
0.152E 11 
O.ll5E 11 
0.7dlE 09 
0.126E 11 
0.358E 11 
0.190E 11 
0.254E 1 0  
0.731E 1 0  
0.324E 0 5  
0.318E 11 
0.308E 11 
0.746E 1 0  
0.826E 1 0  
0.508E 0 8  
0.118E 11 
0.335E 11 
0.127E 1 0  
0.894E 1 0  
0.232E 11 
0.156E 1 1  
0.186E 09 
0.289E 1 0  
0.522E 1 0  

0 .438~ 0 9  

%ontributions o f  radioactive daughter products are not included. 



Nn. 

4 3  
4 4  
4 5  
4h 
47 
48 
49 
50 
5 1  
57  
51 
5 4  
5 5  
56 
57 
58 
5 9  
6 0  
61 
6 2  
h3  
64 
65  
6 6  
67 
6A 
6 9  
70 
7 1  
72 
73 
74 
75 
7h 
77 
7A 
79 
RO 
81  
A 7  

R4 
8 5  
8h 
R7 
R A  
R 9  
90 
91 
97 

a i  

ELFCTRnN DOSE RATE 

N l I t L l n E  NUCLIDE DOSE RATE 
LAREL NAME MILL I R E N S / Y R  

350 
3 5 1  
40’ 
3 77 
9 

385 
4 

391 
505 
5 0 4  
495 

14 
1 6  
7 1  

367 
17 
75 
26  
31 
33 

373 

34 
37 
41 

3 4 6  
392 

38  
4 7  
4 6  
51 
55 

3dA 
3h9 

4 3  
4 7  

52 
5h 
6 5  
69 
66  
67 

71 
77 

79 
RR 
9 7  

3 a6 

413 

i n  

7a 

Z N6W 
Z N69 
6A67 
GA68 
G E 7 7  
AS16 
AS77 
SE75 
S F 7 M  

A R B 0  
R R  82 
R R  83 
8 R  84 
K R  79 
K R A M  
KR85H 
KR85 
KRR7 
K R R A  
R B 8 4  
R R86 
R R88 
RB89 

SR 85 
SR 87H 
SR a9 
SR90 
SR91 
SR92 
SR 93 
Y 8 7  
Y 8 8  
Y 90 
Y91M 
Y91 
Y 92 
Y93 
ZRS5 

NB95Y 
NR95 
NR97M 
NR97 
H 099 
TC9W 
TC99 
PI1103  
R U l06  

BRaw 

R 890 

Z R 9 7 ,  

0.202E 0 9  
0.254F 10 
0.286F 09 
0.660F 10 
0.547E 10 
0.945F 10 
0.214E 10 
0.132E 0 9  
0.672E 09 
0.544E 0 9  
0.65OE 10 
0.136E 1 0  
O.1SOE 10 
0.109F 11 
O.2COE 0 9  
0.338F 0 9  
0.235F 10 
0.215E 10 
0.119E 11 
0.315F L O  
0.1C8E 10 
0.577E 10 
0.187F 11 
0.534F 10 
0.16lE 11 
0.755E 0 8  
0.605E 0 9  
0.4S5F 10 
0.168F 10 
0.556E 10 
0.2C3E 10 
O.118E 1 1  
0.103E 0 9  
0.455E 08 
C.811F 10 
0.273E 0 9  
0.524E 10 
0.129F 11 
0.104E 11 
0.118F 10 
0.621F 10 
O.142E 10 
0.467F 0 9  
0.1 17F 0 9  
0.419E 10 

0.157E 09 
0-853F 09 
0.682E 0 9  
0.106F OS 

0 . 3 7 1 ~  i o  

TABLE 3-4 (continued] 

PHOTON COS€ RbTE 

NUCL I D E  
LABEL 

350 
3 5 1  
40 1 
372 

3 
385 

4 
391 
50 5 
504 
495 

1 4  
1 6  
2 1  

36 7 
1 7  
2 5  
2 6  
3 1  
33 

373 
366 

3 4  
3 7  
4 1  
346 
392 

3 8  
42 
4 6  
5 1  
55 

3 6  9 
4 3  
47 
4 8  
52 
56 
65 
6 9  
66 
b? 
7 0  
71 
77 
78 
7 9  
88 
9 7  

36n 

NUCLIOE DOSE RATE 
NAME MILLIREWS/YR 

Z h69CI 
Z N69 
G A67 
GA68 
GE77 
AS76 
A 577 
SE75 
SE77M 
B R 8 O M  
BR8O 
B R 8 2  
BR83 
BR84 
KR79 
KR83H 
KR85M 
KR85 
KR87 
KR88 
RB84 
R 886 
R E 8 8  
RB89 
RBFO 
SR85 
S R 8 7 H  
SR89 
S R 9 0  
SR91 
SR92 
SR93 
Y 87 
Y86 
Y 90 
Y91M 
Y 9 1  
Y92 
Y 9 3  
ZR95 
ZR97 
NR95H 
NBS5 
NB97H 
NBS7 
M099 
TC99H 
TCS9 
RU103 
R U  106 

0.370E 10 
0.0 
0.164E 10 
0.841E 10 
0.866E 10 
0.386E 10 
0.710E 08 
0.501E 10 
O.754E 09 
0.211E 0 9  
0.750E 09 
0.238E 11 
0.166E 0 9  
0.165E 11 
0.212E 10 
0.241E 0 8  
0.140E 10 
0.183E 08 
0.689E 10 
O.178E 11 
0.786E 10 
0.842E 0 9  
0.605E 10 
0.212E 11 
0.229E 11 
0.461E 10 
0.293E 10 
0.0 
0.0 
0.659E 10 
O . 1 l Z E  11 
0.133E 11 
0.422E 10 
0.239F 11 
0.0 
0.464E LO 
0.215E 08 
0.219F. 10 
0.668E 09 
0.645E 10 
0.160E LO 
O.SO6E 09 
0.679E 10 
0.64BE 10 
0.590E 10 
0.144E 10 
0 - l l l E  10 
0.0 
0.430E 1 0  
0.0 

NULL IO€ 
LABEL 

3 5 0  
3 5 1  
40 1 
3 7 2  

3 
385 

4 
3 9 1  
5 0 5  
5 0 4  
4 9  5 

1 4  
16 
2 1  

3 6 7  
1 7  
25 
26 
3 1  
3 3  

3 7 3  
386 

34 
3 7  
4 1  

346 
392 

38 
42 
4 6  
5 1  
5 5  

368 
369 

4 3  
47 
4E 
5 2  
56 
6 5  
65  
6 t  
67  
7C 
7 1  
77 
7 8  
79 

97 
n e  

TOTAL DOSE RATE 

NUCLIOE DOSE R A T E  
NAME MILLIREHS/YR 

ZN69M 
ZN69 
GA67 
6668 
GE77 
AS76 
AS77 
SF75 
SE 77M 
BR8OM 
BR8O 
BR 82 
BR 83 
BR84 
KR79 
KR 83M 
KR85H 
KR8S 
KR 8 7  
KR 88  
R884 
RB86 
R888 
R889 
RE90 
SR85 
SR87M 
SR89 
SR90 
S R 9 1  
SR92 
SR93 
Y87 
Y88 
Y90 
Y91M 
Y 9 1  
Y92 
Y93 
ZR95 
ZR9 7 
NB95M 
NB95 
NB97M 
NB97 
M099 
TC 9 9M 
TC99 
R U 1 0 3  
RU106 

0.390E 1 0  
0.294E 10 
0.193E 10 
0.150E 11 
0.141E 11 
0.133E 11 
0.221F 10 
0.514E 10 
0.143E 10 
0.755E 0 9  
0.725E 10 
0.252E 11 
0.167E 10 
0.274E 11 
0.232E 10 
0.362E 0 9  
0.375E 10 
0.217E 10 
0.188E 11 
0.209E 11 
0.894E 10 
0.662E 10 
0.247E 11 
0.265E 11 
0.390E 11 
0.468E 10 
0.353E 10 
0.495E 1 0  
0.168E 1 0  
0.122E 11 
0.132E 11 
0.252E 11 
0.432E 1 0  
0.240E 11 
0.811E 10 
0.491E 10 
0.526E 10 
0.151E 11 
0. llOF I 1  
0. 763E 1 0  
0 . 7 8 l E  10 
0.193F 10 
0.726E 10 
0.660E 10 
0.101E 11 
0.515E 10 
0.127E 10 
0.853E 09 
0.498E 1 0  
O.lO6E 0 9  

w 

N m 
c 



Nri. 

9 3  
94 
9 5  
96 
9 7  
9 A  
99 

i o n  
i n  1 
107 
1 0 3  
1 0 4  
1 0 5  
1 0 6  
1 0 7  

109 
1 1 0  
1 1 1  
117  
113  
1 1 4  
115 
1 I 6  
11 7 
I 1 8  
119 

1 7 1  
177  
I 7 3  
1 9 4  
1 7 5  
1 7 h  
1 7 7  
1 7 R  
179  

1 3 1  
1 3 7  
1 3 3  
1 3 4  
1 3 5  
1 3 6  
1 1 7  
13R 
199 
1 4 0  
1 4 1  
142 

1 n 8  

171-1 

i3n  

ELFCTRflN OnSF RATE 

NllCL I nF 
LARFL 

89 
96 
S R  

39  8 
33 3 
1 1 4  
5 0 7  
511  
1 7 5  
3 94 
427  
5 1 4  
I 2 7  
393 
4 0 5  
1 5 4  
1 6 1  
4 7R 
159  
162 
1 6 8  
1 9 6  
163  
1 6 9  
170 
1 7 6  
1 7 7  
1 8 5  
1 R6 
19 1 
1 9 5  
3 74 
399 
375 
178  
3 R R  
187 
197 
196  
2 00 
702 
7 0 6  
188  
1 9 7  
198  
703  
2 04 
209  
2 1 1  
3 2 7  

NUCLIDE OOSE RATF 
NAMF MILLIREMS/YR 

R H l O 3 M  

RHlf I6  

A G l l O M  
A t 1 1 1  

~ ~ 1 0 5  

~ n i m  

C n i i i M  
c n i 1 3 ~  
r 0 1 1 5 ~  
IN113M 
lN114M 
I N 1 1 4  
1N115H 
S N I  13 
CN119H 
ZN 123 
ZN175 
SR177 
SA124 
SR125 
ZR177 
TF173M 
TF 125M 
TE 177M 
TE127 
TF179H 
TF179 
TE131H 
TE131 
TF137 
I 1 7 3  
I 1 2 4  
I 1 2 5  
1 1 7 6  
1 1 7 9  
I 1 3 0  
1 1 1 1  
I 1 3 7  
I113 
1 1 3 4  
I 1 3 5  
I 1 3 6  
XF131M 
XF 133H 
XF133 
XE 135M 
XF135 
XE137 
XF138 
c $134 

0.335E 09 
0.149F 10 
0.125F 11 
0.450F 09 
0.7C9E 09 
0.320F 10 
0.0 
0 . 1 7 6 ~  i o  

0 . 1 1 6 ~  i o  
0.182F 10 

0.131E 10 
0.237F 10 
0.16lF 10 
0.6C8E 08 
O.ES2E 0 9  
0.4t8F 10 
0.771F 10 
0.5C5F 10 
0.349F 10 
0.117E 10 

0.875F 09 
O.914E 0 9  
0.4C1E 10 
0.210F 1 0  
0.237E 10 
0.717F 10 
0.232E 10 
0.624F 10 
0.6C8F 09 
0.2446 0 9  
0.169F 10 

0.133E 10 
C.548E 09 
0.272E 10 
0.185F 10 
0.4S4E 10 
0.391F 10 
0.558F 10 
0.290F 10 
0.164F 11 
0.126F 10 
0.17OF 10 

0.R73E 09 
C.ZS4F 10 
0.163F 11 
0.630F 1 0  
0.162F 10 

0 . 2 8 5 ~  i o  

0.180- 09 

0 . 1 3 2 ~  i n  

TABLE 3-4 (continued) 

PiOTDN COSF RATE 

NUCLIDE 
LAHFL 

&Y 
96 
Yt) 

3Y6 
333  
1 1 4  
5 0 7  
5 1  1 
1 2 5  
3 9 4  
4 2  7 
5 1 4  
1 2 7  
3 9 3  
40 5 
1 5 4  
l o1  
4 2  d 
I 5 9  
l o 2  
1bLi 
390 
1 6 3  
169  
1 7 0  
1 7 b  
17 I 
Ab 5 
180 
191 
3Y5 
3 7 4  
3 9 9  
37 5 
1 7 d  
388 
1 8 7  
192 
1 9 6  
200 
2 0 2  
206 
Ab8 
1 9 7  
156 
2 0 3  
2 0 4  
2 0 9  
213 
32 7 

NUCLICE D O S E  RATE 
NINE MILLIREHS/Y R 

RH103M 
RH105 

PO103 
A G 1 1 O M  
A t 1 1 1  
C O l l l H  
C0113M 
C D  115M 
IN113M 
IN114M 
I N114 
I K 1 1 5 M  
S N 1 1 3  
SN119M 
SN 123 
Sh125 
5 8 1 2 2  
5 8 1 2 4  
SR125 
5 8 1 2 7  
TE123H 
T E 1 2 5 H  
TE127M 
TE127 
TE129M 
TE129 
TE131H 
TE131  
T E 132  
I 1 2 3  
I 1 2 4  
I 1 2 5  
I 1 2 6  
I 1 2 9  
I 1 3 0  
I 1 3 1  
I 1 3 2  
I 1 3 3  
I 1 3 4  
I 1 3 5  
I 1 3 6  
XE131M 
XE 133M 
XE133 
Xf?1351( 
XE135 
XE137 
XE138 
CS134 

R H L O ~  

0.156E 08  
0.693F 09 
0.165F 10 
0.186F 08 
0.742E 11 
0.272F 09 
0.353E 10 
0.341F 0 7  
0.291F 09 
0.224E 10 
0.743E 09 
0.240E 0 8  
0.126F 1 0  
0.259E 09 
0.964E 08 
0 -0 
0.277E 10 
0.367F 10 
0.163E 11 
0.396E 10 
0.590E 10 
0.131E 10 
0.315E 09 
0.807E 08  
0.361F 0 8  
0.335E 09 
0.592E 09 
O.124E 11 
0.368F 10 
O.ld2E 10 
0.150E 10 
0.968E 10 
0.367E 09 
0.385E 10 
0.220E 09 
0.181E 11 
0.337E 10 
0.201E 11 
0.593E 10 
0.212E 11 
0.154E 11 
0.246E 11 
0.177E 09 
0.359E 09 
0.3986 09 
0.381E 10 
0.218E 10 
O.16OE 10 
0.708E 10 
0.138E 11 

NUCL I D €  
LAGEL 

8 5  
9 t  
9E 

3 9 8  
3 3 3  
1 1 4  
5 0  7 
5 1 1  
1 2 5  
3 9 4  
4 2 7  
5 1 4  
1 2 7  
3 9 3  
4 0  5 
1 5 4  
1 6  1 
4 2 8  
1 5 9  
1 6 2  

3 9 t  
16 3 
1 6 s  
17C 
1 7 6  
1 7 7  
1 8 5  
1 E t  
191 
3 9 5  
3 7 4  
3 9 5  
3 7 5  
17E 
38E 
1 8 7  
1 9 2  
1 9 6  
2 0 c  
2 0 2  
20t 
188  
19 7 
19E 
2 0 3  
2 0 4  
2 0 9  
2 1 3  
3 2 7  

1 6 8  

TOTAL DOSE RATE 

NUCLIDE DOSE R A T E  
NAME 

RH103M 
R H 1 0 5  

PO 103 
AGllOM 
A 6 1  11 
CDlllM 
CO 113M 
C0115M 
I N  113H 
IN114H 
I N  1 1 4  
IN115M 
SN113 
SN119M 
SN123 
SN125 
SB 122 
5 8 1 2 4  
5 8 1 2 5  
SB127 
TE 123N 
TE 1 2 %  
TE127M 
TE 1 2 7  
TE 129H 
TE 1 2 9  
TE131M 
TEA31 
TE132 
1123  
I 1 2 4  
I125 
1126  
1 1 2 9  
I 1 3 0  
I 1 3 1  
I132 
I 1 3 3  
I 1 3 4  
I 1 3 5  
I136 
XE131M 
XE133M 
XF133 
XE 135M 
XE 1 3 5  
XE 1 3 7  
XF138 
CS134 

~ ~ 1 0 6  

MILLIREYS/YP 

0.350E 09 
0.218F 1 0  
0.142E 11 
0.468E OF 
0.2495 11  
0.347E 10 
0.353E 10  
0.176E 10 
O.211E 10 
0.341E 10  
0.205E 10 
0.240E 1 0  
0.286E 1 0  
0.320F OF 
0.789E 0 9  
0.468E 10 
0.105E 11 

0.198f 11 
0.513E 10 
0.875E 10 
0.218E 1 0  
0.123F 10  
0.409E 10  
0.213E 10 
0.270E 10 
0.776E 10 
0.147E 11 
0.992E 10 
O.243E 10 
0.174E 1 0  
0.114E 11 
0.553E 0 9  
0.518E 10 
0.768E 09 
0.208E 11 
0.522F 10  
O.250E 11 
0.984E 10  
0.271E 11 
0.183E 11 
0.410E 11 
0.144E 10 
0.206E 1 0  
0.172E 10 
0.468E 1 0  
0.511E 1 0  
0.179E 11 
0.134E 11 
0.154E 11 

0 . 8 7 2 ~  1 0  



Nn I 

143 
144 
1 4 5  
146 
1 4 7  
14R 
1 4 9  
150 
151 
1 5 2  
1 5 3  
1 5 4  
1 5 5  
1 5 6  
1 5 7  
15R 
159  
I 6 0  
161 
167 
1 6 3  
1 6 4  
165  
1 6 6  
1 6 7  
1hR 
l h9  
170 
1 7 1  
172  
1 7 3  
174 
175 
1 7 6  
177 
178 
1 7 9  
1RO 
1 A l  
1R7 
1 R 1  
1R4 
1 A5 
1 86 
I R 7  
1 A R  

I 9 0  
191 
197 

I a9 

ELECTRON DOSE RATE 

NUCLIDE 
LABEL 

205 
2 0 7  
2 1 0  
2 14 
7 1 7  
4 0 0  
211 
2 18 
77 1 
7 2 2  
7 7 7  
236 
738 
2 3 7  
2 3 9  
7 46 
7 4 7  
40 6 

2 55 
2 6 0  
2 6  7 
7 64 
337  
7 1 7  
3 4 1  
790 
29  1 
3 70 
7 79 
2RR 
3 8 9  
3 9  7 
301 
1 00 
4 76 
5 1 8  
2 96 
7 9 9  
4 5 5  
515 
321 
4 5 7  
5 1 6  
5 1  7 
5 1 3  
508 
5 1 9  
4 6 0  
3 4R 

407 

NUCLIDE DOSE RATE 
NAME MILLIREMS/YR 

t s m  
C 5136 
C S 1 1 7  
CS138 
C 2139 
0A133 
RA l37H 
RA139 
0A140  
LA  140 
C E 141 
CE143 
CE144 
PR143 
PR 144 
N0147 
PH147 
PM148M 
P H I 4 0  
SH 151 
FU154 
F U l 5 5  
FU156 
GO 162 
TR160 
TA lAZ  
U l @ 5  
W 187  
AU195M 
A U195 
AU198 
AU199 
HGI 97 
HG703 
TL 204 
TL 208 
TL210  
PB204H 

P 8212 
PR214 
R1210 
8 1 7 1 7  
R 1714 
PO714 

R N 773 
RN222 
R A224 
R A726 

PR210, 

~1-1218 

0.590E 09 
0.135F 10 
0.165F 10 
0.957E 10 
0.149E 11 
O.467E 09 
0.536E 09 
0.800E 10 

0.478F 10 
0.163E 10 
0.380E 10 
0.9C4E 09 
0.2SOF 10 
0.106E 11 
0.251F 10 
0.628E 09 
0.118E 10 
0.623F 10 
0.205F 09 
0.266F 10 
0.632E 09 
0.381E 10 
0.312F 1 0  
0.257F 10 
0.189F 10 
0.122F 10 
0.234E 10 
0.95LE 09 
0.5?1F 09 
0.307F 10 
0.139F 10 
0.551E 09 
0.9326 09 
0.220E 10 
0.535F 10 
0.0 
0.0 
0.352E OY 
0.162F 10 
0.283F 10 
0.356F 10 
0.454E 1 0  

0 . 7 8 8 ~  i o  

0 . 5 e 6 ~  i o  
0.0 
0.0 
0.0 
0.0 
0.234E 0 8  
0.119E 09 

TABLE 3-4 [continuedl 

PNOTON DOSE RATE 

NUCLIDE 
LABEL 

2 0 5  
2 0 7  
210 
2 1 4  
21 7 
400 
2 1  1 
218 
22 1 
2 2 2  
2 2  7 
2 3 6  
2 3 0  
2 3 7  
2 3 9  
2 4 6  
2 4  7 
406 
4 0 7  
2 5 5  
2 6 0  
2 6  2 
264 
332  
272 
34 1 
2 9 0  
2 9  1 
3 7 0  
2 7 9  
2 8 8  
3n9 
3 9 7  
30 1 
300 
4 7 6  
518 
2 9 6  
7YY 
4 5 5  
5 1 5  
3 2  1 
4 5  7 
5 1 6  
5 1  7 
5 1 3  
508 
5 1 Y  
4 6 0  
3 4 n  

NUCLIDE DOSE RATE 
NbHE HILLIREMS/YR 

CS135 
CS136 
CS 137 
CS 138  
C S 139 
0 6 1 3 3  
BA137M 
BA 139 
0A140. 
L A 1 4 0  
CE141 
CE143 
CE 1 4 4  
PR143 
PR144 
NO147 
P H I 4 7  
PM148M 
PM148 
SM151 
EU154 
EUL55 
EU156 
GO162 
1 8 1 6 0  
TA 182 
W1E5 
W187 
AU195M 
AU195 
AU198 
AU199 

HC203 
T L 2 0 4  
TL208  
T C Z l O  
PB204M 
PB2 10 
p a 2 1 2  
P8214  
R l 2 l O  
81212  
8 1 2 1 4  
PC214 
PC2 1 8  
RN220 
RN222 
R A224 
RA226 

1-1~197 

0 .o 
0.189E 11 
0.0 
0,191E 11 
0,193E 10 
0.322E 10 
0.499E 10 
0.473E 09 
0.173E LO 
0.204E 11 
0,689E 09 
0.273E 10 
0.172F 09 
0 00 
0.268E 09 
0.125E LO 
0.0 
0.177E 11 
0.560E 10 
0.243E 0 6  
0.114E 11 
0.569E 09 
O.124E 11 
0.376E 10 
0.967E 10 
0.116E 11 
0 .o 
0.151E 10 
0.178E 10 
0.834E 09 
0.359E 10 
0.861E 09 
0,640E 09 
O.211E 10 
0.104E 08  
0.300E 11 
0.635E 0 5  
0.1R5E 11 
0.417E 08  
0.130E 10 
0.206E 10 
0.0 
0.973F 09 
0.136E 11 
0.989E 0 6  
0.818E 06 
0.318E 0 7  
0.346E 0 7  
0.891E 0 8  
0.600E 0 8  

TOTAL DOSE RATE 

NUCL I D €  
LABEL 

205 
2 0 7  
2 10 
2 1 4  
2 1 7  
40 0 
2 1 1  
2 1 8  
2 2  1 
2 2 2  
2 2 1  
2 3 6  
2 3 8  
2 37 
2 3 9  
2 4 6  
2 4 1  
4 0 6  
4 07 
2 5  5 
2 6 0  
2 6 2  
2 6 4  
3 3 2  
2 7 2  
3 4 1  
2 9 0  
2 9  1 
3 7 C  
2 7 9  
2 8 8  
3 8 9  
3 9 1  
301  
30 0 
4 7 6  

2 9 6  
2 9 9  
4 5 5  
5 15 
3 2  1 
4 5 7  
5 1 6  
5 1 7  
5 1 3  

5 1 9  
4 6 0  
3 4 8  

5 l e  

5 0 8  

NUCLIDE DOSE RATE 
NAME MILLIREWS/YR 

CS135 
CS 136 
CS137 
CS138 
CSL39 
BA133 
BA 137H 
BA 139 
BA 140 
L A 1 4 0  
CE141  
CE 1 4 3  
CE 1 4 4  
PR 143 
PR 1 4 4  
ND147 
PM147 
PH 148H 
PM148 
SM151 
EU154 
EU155 
EU156 
GO 1 6 2  
TB 160 
TA 182 
W185 
W187 
AU195M 
AUlY5  
AU198 
AU 199 
HG 1 9 7  
HG203 
TL2 04 
TLZO8 
TL 2 10 
P8204M 
Pa210  
PB212 
P B 2  14 

8 1 2 1 2  
8 1 2 1 4  
PO214 
PO218 
RN 2 20 
RN222 
RA224 
RA226 

a1210 

0.590E 09 
0,202E 11 
0.165E LO 
0.287E 11 
0.168E 11 
0.368E 10 
0.553E 1 0  
0.848E L O  
0.461E 10 
0.252E 11 
0.232E 10 
0.653E 1 C  
0 ,  108E 1 0  
0.290E 1 0  
0.109E 11 
0.376C 10 
0.628E 0 9  
0,189E 11 
0.118F 11 
0.205E 0 9  
0.140E 11 
0.120F 10 
O.162E 11 
0.689E 10 
O.122E 11 
0.135E 11 
0.122E 10 
0.385E 1 0  
0.273E 10 
O.136E 10  
0.661E 10  
0.225E 1 C  
0.119F 10  
0.304E LO 
0.221E 10  
0.353E 11 
0.635E 0 5  
0.185E 11 
0.394E 0 9  
0.29ZE 1 0  
0.489E L O  
0.356E 10  
0.551E 10 
0.195E I 1  
O.989E 0 6  
0.818E 0 6  
0.318E 07  
0.346E 0 7  
0.113E 09 
O.179E 09 



Nn. 

193 
194  
1 9 5  
196 
1 9 7  
1 9 R  
19’3 
? o n  
7 0 1  
70 7 
70 3 
7 0 4  
7 05 
706 

708  
7 09 

71 1 
712 
713  
214  
71 5 
7 1 6  
71 7 
? l R  
2 19 
7 7 0  
?7 1 
?? ? 
7 7 3  
7?4 
775  
7 7 6  
7 2 7  
77R 

7 0 7  

7 i n  

FLFCTRflN nnSF RATF 

NUrL IDF 
LARFL 

461  
463  
3 57 
355  
465  
3 49 
356  
358 
3 54 
4 0 9  
3 59 
3 5 3  
33A 
3 3 9  
468  
3 13 
3 40 
4 96 
345  
517 
3 30 
497  
4 9 4  
7 A 0  
7 A l  
282  
7 8 3  
7 A4 
2 86 
3 3 4  
404  
3 35 
3 3h 
403  
3 77 
474  

NUCIIDE n o s F  R A T F  
NANF 

R A728 
AC778 
TH??R 
TH730 
TH731 
TH732 
TH734 
PA733 
PA?%# 
P A234 
11137 
U ? 3 3  
u 7 3 4  
11735 
U 2 3 6  
11237 
11238 
11 240 
NP737 
NP?38 
NP239 
NP743M 
P U736 
P b738 
P u739 

P U741 
P b242 
P u744 
AM741 
A M242 
A M743 
CM742 
CM743 
CM?44 
CF352 

P u 2 4 n  

NILLIRFCS/YK 

0.436E 09 
0.1 12F 10 
0.189F 0 9  
0.133F 09 
0.151F 10 
C.11OE 0 9  
0.5 55c 0’3 
0 . l S h F  10 
0.755E 10 
0.679E 10 
0.151F 09 
0.620F 08  
0.122F 09 
0.352E 09 
0.103F 09 
0.177E 10 
0.854E 08 
0.133F 10 
0.161F 09 
0.212E 10 
C.244E 10 
0.6C6F 10 
O.118E 09 
0.956F 0 8  
0.682F 08 

0.514F 0 8  
0.8361: 0 8  
0.0 
0 . 2 S l E  09 
0.713F 09 
0.137F 09  
0.888F 0 8  
0.120E 10 
C.426F 0 8  
0.0 

0 . 8 6 0 ~  08 

TABLE 3-4 [continued). 

PHOTON CCSE RPTE 

kUCL i 0 E  
L4bFL 

4 6  1 
4 6  3 
352 
3 5 5  
4 6  5 
34Y 
3 5 6  
3 5 6  
3 5 4  
4 0 9  
3 5 9  
353  
538 
339 
4 6  8 
3 1 3  
3 4 0  
4 9 6  
3 4 5  
512 
3 3 0  
4’9 7 
4 9 4  
2 8 0  
2 8 1  
2 8 2  
2 6 3  
2 8 4  
2 b 6  
3 3 4  
4 0 4  
3 3 5  
3 3 6  
403 
3 3 7  
4 7 4  

NUCLIDE DCSE RATE 
NPME 

RA228 
AC228 
TH278 
TH230 
TH231 
TH232 
TH234 
PA233 
PA234M 
P4234  
U232  
U233  
U2 3 4  
U235 
U236 
U237  
U238 
U240 
NP237 
NP238 
NP239 
NP240H 
PU236 
PU238 
PU239 
PU240 
PU241 
PU242 
P U244 
AM241 
AM242 
AM243 
CN242 
CC243 
CC244 
CF252 

MILLIREMS/YR 

0.281F 09 
0.659€ 10 
0.314F 08 
0.129E 0 8  
O.260E 0 9  
0.103E 0 8  
0.663€ 0 8  
0.17i)E 10 
0.857F 0 8  
0.276€ 11 
0.159E 08 
0.145E 08  
0.136E 0 8  
0.137E 10 
0.117E 0 8  
0.134F 10 
0.105E 08 
0.526E 08  
0.745E 09 
0.497F 10 
O.121E 10 
0.291E 10 
0.156E 08 
0.133E 0 8  
0.521F 0 7  
0.115E 08  
0.0 
0.113E 0 8  
0 .o 
0.230E 09 
0.147E 09 
0.445E 09 
0.130E 08  
0.116E 10 
0.637E 0 8  
0.476E 10 

NUCL ICF 
LABEL 

4 6  1 
4 6 3  
3 5 2  
3 5 5  
4 6  5 
3 4 9  
356  
35E 
3 5 4  
4 0  5 
35s 
3 5 3  
3 3 f  
3 3 5  
46E 
3 1 3  
3 4 0  
4 9 6  
3 4 5  
5 1 2  
3 3 0  
4 9 1  
4 9 4  
280 
2 8 1  

2 8 3  
2 8 4  
28.5 
3 3 4  
4 0 4  
335 
3 3 6  
4 0  3 
3 3 1  
4 7 4  

2 a 2  

TOTAL DOSE RAT€ 

‘ I  NUCLIDE DOSF RATE 
NAME 

RA228 
A t 2 2 8  
TH220 
TH230 
TH231  
TH232 
TH234 
PA233 
PA234M 
PA234 
U232 
U233 
U234 
U235 
U236  
U237  
U238 
U240  
NP 2 37 
NP238 
NP 2 39 
NP240M 
PU236 
PU238 
PU239 
PU240 
PU241 
PU242 
PU244 
AM241 
AM 2 4 2  
AM 2 4 3  
CM242 
CM243 
CM244 
CF252 

HILLIREMS/YR 

0. 717E OS 
0.771E 10 
0.221F 0 9  
0.146F 09 
0.177E 1 0  
0. l Z l E  09 
0.622F 0 9  
0.374F: 1 0  
0.763E 1 0  
0.344F 11 
0.167E 0 9  
0.766E 0 8  
0.136E 09 
0.172E 10  
O.115E 09 
0.311E 1 0  
0.999E 0 8  
0.138E 10  
O.926E 0 9  
0.709E 10 
0.3C5F 1 0  
0.896E 10 
0.134E 09  
0.109F 0 9  
0.734F 0 8  
0.974E 08  
0.514E 0 8  
0.950E 08 
0.0 
0.521E 0 9  
0.360E 09 
0.581F 09 
O.102E 0 9  
0.235E 1 0  
0.106E 09 
0.476E 10 



TABLE 3-5Aa 

DOSE RATE :RREM/YR) FROM EXPOSURE TO CONTAHIIATED GROUND. CONTINUOUS DEPOSITION OF 1 MICROCURIE/CH**2/HR 
BADIATIOR TYPE: ELECTRON 

NUCLIDB T = 0 1 AOUR 1 D A Y  1 WEEK 1 MONTH 1 PR 5 PR 10  YR 20 Y R  3 0  Y R  5 0  Y E  100 YR 500 Y R  

E- 3 
BE-7 
c-11 
c-14 
N - 1 3  

0-15 
P-18 
NA-22 
NA-24 
IG-28 

AL-2 8 
P- 32 
P-33 
s-35 
CL-36 

CL-38 
A-37 
A-39 
K- 40 
R-42 

K-43 
CA-45 
CA-47 
C8-49 
SC-46 

sc- 4 7 
sc-49 
CR-5 1 
MN-52M 
IN-52 

IN-54 
PE-52 
PE-55 
PE-59 
CO-56 

co-57 
CO- 5 8 
CO-6 0 
NI-56 
NI-6 3 

CU-6 4 
ZN-6 5 
ZN-691 
ZN-6 9 
GA-6 7 

GA-6 8 

O . O o E + O O  O.OOE+OO O . O O E + O O  0.00E+00 O.OOE+OO 0.002+00 O.OOE400 O.OOE+OO O.OOE+OO 0.003400 O.OOE+OO O.OOE+OO 0.00E+00 
0.00E+00 0.00E400 0.00E*00 0.00E+00 O.OOE+OO 0.00E+00 0.00E+00 O.OOE+OO O . O O E + O O  0.003400 O.OOE400 0.00E400 O . O O E + O O  

0.00E+00 1.86E-10 4.46E-09 3.123-08 1.34E-07 1.631-06 8.143-06 1.633-05 3.253-05 4.883-05 8.123-05 1.62B-04 7.91E-04 
O.OOE+OO 2.21E+06 2.54E+06 2.543+06 2.543406 2.543406 2.5UE406 2.543+06 2.54E+06 2.54E+06 2.SUE+06 2.54E+06 2.5UE406 

O . O O E + O O  2.233+06 2.273+06 2.273+06 2.273+06 2.273+06 2.272406 2.27E+06 2.272+06 2.273406 2.273+06 2.273+06 2.273+06 

0.00E+00 9.78E+05 9.78E+05 9.78E405 9.78E+05 9.782405 9 . 7 8 ~ + 0 5  9.78E+05 9.783+05 9.783+05 9.78E+05 9.783+05 9.78E+05 
O . O O E + O O  6.29E405 2.003406 2.00E406 2.0OE+06 2.00E406 2.00E406 2.00E+06 2.OOE+06 2.00E+06 2.00E406 2.00E406 2.00E406 
O . O O E + O O  2.73E+05 6.553406 U.57E+07 1.94E+08 2.10E+09 6.613+09 8.358+09 8.933+09 8.973+09 8.98E+09 8.98E+09 8.98E+09 
O . O O E + O O  1.17E+07 1.7UE+O8 2.60E+08 2.60E+08 2.602408 2.603408 2.60E+08 2.60E+08 2.60E+08 2.60E+08 2.603+08 2.603+08 
O . O O E + O O  2.663+07 4.733408 8.66E408 8.69E408 8.69E408 8.693+08 8.69E+08 8.69E+08 8.69E+08 8.69E+08 8.6YE+08 8.69E+08 

O . O O E + O O  1.533+06 1.533406 1.53B+06 1.53E+06 1.53E+06 1.533+06 1.53E+06 1.533+06 1.53E+06 1.533+06 1.53Ei06 1.53E+06 
O . O O E + O O  1.80E+07 4.22E+08 2.563+09 6.83E409 8.91EIC9 8.913409 8.91E+O9 8.913+09 8.91E409 8.913409 8.913+09 8.91E+09 
0.00E+00 1.37E-70 3.233-69 2.053-68 6.19E-68 9.711-68 9.713-68 9.713-68 9.713-68 9.71E-66 9.713-68 9.71E-68 9.713-68 
0.00E400 1.85E-08 4.42E-07 
0.00E+00 1.343+06 3.22E407 

O . O O E + O O  1.563+07 2.323+07 
O . O O E + O O  0.00E400 O . O O E + O C  
O.OOE+OO 3.31E+05 7.9UE106 
O.OOE+OO 9.38E+06 2.25E+OR 
0.00E+00 2.883+07 3.90E+08 

0.00E400 2.87E+06 4.93E407 
0.00E+00 1.84E+OO U . U l E + O l  
O.OOE+OO 4.731*06 l.O6E+O8 
0.00E+00 6.46E+06 9.04E+06 
0.003400 3.323+03 7.94E404 

O . O O E + O O  1.71E+05 3.7UE+06 
O.OOE400 1.51E+07 2,94E+07 
O.OOE+OO 0.00E400 O . O O E + O O  
O . O O E + O O  1.19E+07 1.383+07 
0.00E+00 1.12E+05 2.53E+06 

O . O O E + O O  0.00E+00 0.00Et00 

O . O O E + O O  O . O O E + O O  O . O O E + O O  
O . O O E + O O  7.56E404 1.80E+06 
O . O O E + O O  3.19E+06 7.62Et07 

0.00Et00 9.022-18 2.163-16 
0.00E400 l.OSE+OU 2.51E+05 
0.00E+00 1.31E+04 3.14Et05 
O.OOE+OO 7.61E+02 3.28E+C5 
0.00E+00 0.00E400 O . O O E + O O  

0. OOE+OO 1 . 6 0 ~ 4 0 7  2 . 9 3 ~  t o e  

0.00E+00 3.04?+05 U.l8E+06 

0.00E+00 1.07E+06 5.06E+07 
0.00E+00 7.98E+00 1.91Et02 

0.00E+00 2.651+06 5.11Et06 
0.00E400 8.02E-02 1.74E+00 

O . O O E + O O  1. 44E4 07 3.15E+07 

aPoint  receptor  1 meter  above surface.  

3.02E-06 1.19E-05 5.283-05 5.592-05 5.59E-05 5.59E-05 5.59E-05 5.593-05 5.593-OS 5.59E-05 
2.2SE+O8 9.65E+08 1.17L+10 5.87E+10 1.17E+ll  2.35E411 3.52E4ll  5.873+11 1.17Et12 5.87E412 

2.323+07 2.32E+07 2.323+07 2.323+07 2.32.73407 2.323+07 2.32E407 2.32E+07 2.323+07 2.32E+07 
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E400 O.OOE+OO 0.00E400 O . O O E + O O  0.00Et00 0.00E+00 
5.56Et07 2.383408 2.903409 1.4UE+10 2.863+10 5.659+10 8.37E+10 1 . 3 6 E t l l  2.56E411 8 .16Et l l  
1.583+09 6.75E+09 8.22E4lO 4 . 1 1 E + l l  8.223+11 1.643+12 2.47E+12 4 . l lE+12 t).22E+12 4.11E+13 
5.28E408 5.283408 5.281+08 5.28E+08 5.28E+O8 5.28E+08 5.283+08 5.28E+08 5.28EtO8 5.28E+08 

9.30E+07 9.35E4C7 9.35E+07 9.353+07 9.35E+07 9.353407 9.35E+07 9.35E407 9.35E+07 9.35E+07 

4.993+08 7.64E+08 7.72E+C8 7.722+08 7.721408 7.72E+08 7.723408 7.72E+08 7.72E+08 7.72E+08 
9.OUE*06 9.04E406 9.04E+06 9.OUE+06 9.OUE+06 9.OUE+06 9.04E+06 9.OUEt06 9.04E+06 9.043+06 
5.423+05 2.123+06 9.1633+06 9.633406 9.63E+06 9.63E+06 9.63E406 9.63E406 Y.63E*06 9.63E406 

3.05E+02 1.2UE+03 8.19E403 1.OUE+04 1.04E+04 1.OUE+04 1.04E404 1.04EtOU l.O4E+04 l.O4E+OU 

1,543407 2.033+07 2.03 E+07 2.03E+07 2.03E407 2.03E+07 2.033407 2.03E+07 2.03E+07 2.03E+07 
2.94E+07 2.94E+07 2.94E+07 2.943407 2.9UE+07 2.94E407 2.94E407 2.94E+07 2.943407 2.94E407 
0.003+00 O . O O E + O O  O . O O E + O O  0.00E+00 O . O O E + O O  O.OOE+OO 0.00E*00 0.00E400 O . O O E + O O  0.00E+00 
1.38E407 1.38E+07 1.38E+07 1.381407 1.383+07 1.38Et07 1.38E407 1.38E+07 1.38E+07 1.38E407 
1.26E407 2.13B+07 2.18Et07 2.18Et07 2.18E407 2.18E+07 2.18E+07 2.18E+07 2.163407 2.18E+07 

0.00E400 0.00E400 0.00E+00 0.00E400 0.00E400 0.00E+00 0.00E+00 O.OOE+OO O . O O E + O O  0.00E400 
3.40Et08 3.4OE+ C8 3.40E+C6 3.40E408 3.40E+08 3.40E408 3.40E+08 3.40E+06 3.rtOE+08 3.4OE408 
O.OOE+OO O . O O E + O O  0.00E+00 O.OOE+OO O . O O E + O O  0.00E+00 0.00E+00 O . O O E + O O  O . O O E + O O  O . O O E + O O  

5.20E+08 2.02E409 8.33E409 8.67E409 8.67E409 6.67E+09 8.67E409 8.67E409 8.67Et09 8.67E+09 

1.50E-15 6.25E-15 5.14E-14 8.39E-14 8.47E-14 8.47E-14 8.473-14 6.47E-14 8.47E-14 8.47E-14 

1.20E+07 4.35E+07 1.16E+08 1.17E+08 1.17E408 1.17E+08 1.17E+08 1.17E+08 1.17E+08 1.17E+08 

1.71E+06 6.56Et06 2.52E407 2.59E407 2.59B407 2.59E+07 2.59E+07 2.5913407 2.5YE+07 2.59E+07 
2.20E+06 9.38E406 1.08EtC8 4.20EtO8 6.38E+08 8.09F408 6.55E+08 8.70E+08 8.722+08 8.72E+08 
1.273+07 1.1 5E+08 6.45E408 6.74E408 6.74E408 6.74E*08 6.74E+08 6.74E+08 6.74E408 6.74E408 

5.732406 5.743+06 5.74E+C6 5.7473406 5.74E+06 5.748+06 5.74E406 5.7UE+06 5.74E+06 5.74E+06 
1.33E+03 5.51E+03 4.35E404 6.703+04 6.73E+04 6.73E+O4 6.73E+04 6.73E+04 6.73E+04 6.73E+04 
7.48E+07 7.48E+07 7.48E+07 7.48E+07 7.482407 7.48E+07 7.483+07 7.48E+07 7.48E+07 7.48E407 
5.11E+06 5.11E+06 5.11E406 5.11E406 5.11E+06 5.11E+06 5.11E+06 5.11Et06 5.11B+06 5.11E+06 

O . O O E + O O  0.00E400 O . O O E * O o  0.00E+00 0.00E+00 0.00E400 O . O O E + O O  O.OOE+OO O . O O E + O O  0.00E+00 

7.05E+00 9.09E+00 9.10E+00 9.10E+00 9.10E+00 9.10E+00 9.10E+00 9.10E+00 9.10E400 9.10E+00 

3.153+07 3.153407 3.15E+07 3.15E+07 3.15E407 3.153+07 3.153+07 3.153407 3.155+07 3.15E+07 
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TABLE 3-5A (continued) 

DOSE RATE :1RER/YR) FROM EXPOSURE TO CONTA1INATED GROUND. CONTINUOUS DEPOSITIOU OF 1 1ICROCURIE/C1**2/HR 
RADIATION TYPE: ELECTRON 

NUCLIDE 
RA-105 
RE-106 

PD- 1 03 
AG-1101 
AG-111  
C D - 1 l l M  
CD-11311 

CD-1151 
I N - 1  131  
I N - 1  14H 
I N - I  14 
I N - 1  151  

S N -  1 13 
SN-119H 
SN- 1 23 
SN-125 
SB- 122 

SB-124 
SB- 125 
SB-127 
TE- 1 23 11 
TE-1251 

TE-1271 
TE- 1 27 
TE-1291 
TE- 129 
TE-131H 

TE-131 
TE- 1 32 
1-123 
1-124 
I- 12 5 

I- 126 
1-129 
1-130 
1-131 
1-132 

1-133 
1-134 
1-135 
1-136 
XE-131fl 

XY-133N 
XE- 1 33 
XE-1351 
XE- 1 35 
XE- 1 37 

T = 0 1 ROOR 1 DAY 1 WEEK 1 EOITA 1YR 5 Y R  10 YE 20 Y E  30  Y R  50 Y R  100  YE 500 PR 
0.00E400 2.393405 4.62Et06 1.19E407 1.23E407 1.23E407 1.233407 1.23E407 1.23Et07 1.233407 1.23Et07 1.233407 1.23E407 
O.OOE+OO 3.453405 3.45E405 3.45E405 3.45E405 3.453405 3.45E405 3.45E405 3.45E405 3.45E405 3.45E405 ).USE405 3.453405 

0.00E400 3.62E-44 8.522-43 5.313-02 1.53E-'41 2.19E-41 2.19E-41 2.19E-41 2.19E-41 2.19E-41 2.193-41 2.191-41 2.19E-41 
0.00E400 l.lOE405 2.64E406 1.83E407 7.60E407 6.07EtC8 9.48E408 9.543408 9.5UE408 9.5UE408 9.54E408 9.543408 9.5UE408 

0.00E400 0.00E400 0.00E400 O.OOE400 0.00E400 0.00E400 0.00E+00 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 
0.00E400 5.168+06 1.18E408 6.383408 1.253409 1.333409 1.333409 1.333409 1.333409 1.33E409 1.33E409 1.333409 1.333409 

O.OOE*OO 6.91Et00 6.91E400 6.91E400 6.91E400 6.91E400 6.91E400 6.91EtOO 6.91E400 6.91E400 6.91E400 6.91E400 6.91Et00 

0.00E400 2.631403 7.70E403 7.70E403 7.70E403 7.70P403 7.70E403 7.703403 7.70Et03 7.70Et03 7.70E403 7.703+03 7.70Et03 
O . O O E + O O  1.923406 4.71E407 3.17E408 1.17E409 3.41E409 3.43E409 3.432409 3.43E409 3.43E409 3.43E409 3.43E409 3.43E409 
0.00E400 5.713404 5.711404 5.71Et04 5.71Et04 5.71E404 5.71E*OU 5.71E404 5.71E404 5.71EtOP 5.71E404 5.713404 5.71EtO4 

o.OoE+OO 5.25E405 1.25E407 8.36E407 3.023408 8.08E408 8.11E408 8.11E408 8.11E408 8.11E408 8.11E408 8.113408 8.11EtO8 

0.00E400 3.28E402 2.24E403 2.30E403 2.30Et03 2.30E403 2.303+03 2.30Et03 2.302403 2.303403 2.303403 2.303403 2.303403 

0.00E400 5.883402 6.9UE404 5.22E405 2.11E406 1.14E407 1.28E407 1.28Et07 1.283407 1.283407 1.283407 1.2EE407 1.28E407 
0.00E400 0.00E400 0.00E400 0.00B400 O.OOE400 0.00E400 0.00E+00 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 
0.00E400 1.14E407 2.73E408 1.88E409 7.583409 4.38E410 5.09Et10 5.09E410 5.09E410 5.09E410 5.09E410 5.09E410 5.09Et10 
0.00E400 2.073407 4.79Et08 2.733409 6.11E409 6.92Et09 6.93E409 6.943409 6.9UEt09 6.9YE409 6.9UE409 6.94E409 6.943409 
0.00E400 1.293407 2.753408 1.02E409 1.22Et09 1.223409 1.223409 1.22Bt09 1.22E409 1.22E409 1.221409 1.223409 1,223409 

0.00E400 6.97E406 1.66E408 1.13E409 4.24Et09 1.43E410 1.45E410 1.45E410 1.45E410 1.45E+10 1.45E410 1.45E+10 1.45Et10 
0.00E400 8.453404 2.033406 1.421407 6.02E407 6.54EtC8 2.10Et09 2.693409 2.903409 2.923409 2.92E409 2.923409 2 . 9 2 E a 9  
0.00E400 3.89Et06 9.58E407 4.51E408 6.36E408 6.90E408 6.973408 6.97Et08 6.973408 6.973408 6.97Et08 6.973408 6.97Et08 
0.00E400 9.07E-12 2.17E-10 1.493-09 5.9921-09 3.313-08 3,763-08 3.76E-08 3.763-08 3.763-08 3.76E-08 3.763-08 3.76E-08 
0.00E400 1.333-28 3.173-27 2.1UE-26 8.053-26 2.64E-25 2.671-25 2.67E-25 2.67E-25 2.673-25 2.67E-25 2.67E-25 2.673-25 

0.00E400 2.11E406 6.313407 5.01E408 2.04E409 1.07E410 1.18E410 1.18E410 1.18E4lO 1.18E+10 1.18E410 1.18EtlO 1.18E+lO 
0.00E400 1.05E406 1.223409 1.47E407 1.47E407 1 .U7Et07 1.47E407 1.471407 1.47E407 1.47E407 1 .U7E+07 1.U7E407 1.473407 
0.00E400 7.633406 3.47Et08 2.383409 8.21E409 1.77E410 1.77E410 1.77E410 1.77E410 1.77E410 1.77E410 1.77E410 1.77E410 
0.00E400 1.21Et07 2.713407 2.71Et07 2.71E407 2.71E407 i.71E407 2.713407 2.713407 2.713407 2.71E407 2.713407 2.71E407 
0.00E400 4.23E406 1.05E408 2.503408 2.67E408 2.69E408 2.69E408 2.69E408 2.69E408 2.69E408 2.693408 2.693408 2.69E408 

0.00E400 8.14Et06 1.01E407 1.02E407 1.03E407 1.03E407 1.03E407 1.03E407 1.03E407 1.03E407 1.033407 1.03Et07 1.03Et07 
0.00E400 1.46E406 2.00E408 9.172408 1.19E409 1.19E409 1.19E409 1.19E409 1.19E409 1.19E+09 1.19E409 1.19E409 1.19E409 
0.00E400 8.833-12 1.23E-10 1.71E-10 1.71E-10 1.72E-10 1.72E-10 1.72E-10 1.72E-10 1.72E-10 1.72E-10 1.72E-10 1.72E-10 
0.00E400 4.64E406 1.03E+OE 4.63E408 6.683408 6.732408 6.733408 6.7313408 6.7333408 6.73E408 6.73E408 6.733408 6.73Et08 
0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 O . O O E + O O  0.00E400 0.00E400 O . O O E + O O  O.OOE*OO O . O O E + O O  0.00E400 O.OOE*OO 

0.00E400 1.81E406 4.2313407 2.5UE408 6.50E408 8.15E408 6.153408 8.15E408 8.158408 8.15E408 8.15E408 8.15E408 8.15E408 
0.00E400 8.46E-12 2.03E-10 1.42E-09 6.093-09 7.41E-08 3.712-07 7.411-07 1.48E-06 2.223-06 3.713-06 7.UlE-06 3.713-05 
0.00E400 3.203406 '4.35E407 5.89E407 5.892407 5.893407 5.89E407 5.89E407 5.89E407 5.893407 5.699407 5.89Et07 5.89E407 
0.00E400 4.733405 1.09E407 5.98E407 1.22E408 1.32E408 1.323408 1.32E408 1.32E400 1. 32E40f 1.32E408 1.323408 1.323408 
0.00E400 9.143406 3.48E407 3.49EtO7 3.493407 3.49EtC7 3.49E407 3.493407 3.49E407 3.49Et07 3.49E407 3.U9E407 3.493407 

0.00E400 8.26E406 1.392408 2.533408 2.543408 2.548408 2.54E408 2.543408 2.54E408 2.54E408 2.543408 2.543408 2.543408 
0.00E400 1.0973407 1.99E407 1.993407 1.99E407 1.99E407 1.993407 1.99E407 1.998407 1.99E+07 1.993407 1.992407 1.99E407 
O.OOE400 4.683406 6.31E407 7.953407 7.95E407 7.95E407 7.95E407 7.95Et07 7.95E407 7.953407 7.953407 7.953407 7.95E407 
0.00E400 1.08Et06 1.08Et06 1.088406 1.08E406 1.08E406 1.08E+06 1.08E406 1.08E406 1.08E406 1.08E406 1.08E406 1.08E406 
0.00E400 1.51E-09 3.523-OE 2.093-07 5.163-07 6.27E-07 6.273-07 6.27E-07 6.273-07 6.27E-07 6,271-07 6.273-07 6.273-07 

O.OOEtO0 2.832400 1 .40E+03 3.12EtOU 7.68E404 7.95EtO4 7.952404 7.95E404 7.95E404 7.95E404 7.95E404 7.953404 7.95E40U 

0.00E400 8.362404 l . l lE406  1.33E406 1.33E406 1.332+06 1.33E406 1.333+06 1.338406 1.333406 1.33E406 1.332406 1.333406 
O . O O E + O O  3.42E406 3.433407 4.70E407 U.70E4C7 4.70E407 4.702407 4.70E+07 4.702407 4.70E407 4.70E407 4.70E407 4.70E407 
0.00E400 3.01E406 3.01E406 3.01E406 3.OlE406 3.01E406 3.02E406 3.023406 3.04E406 3.013406 3.068406 3.07E406 3.083406 

0.00E400 1.03E+03 2.32EtOU 1.13E405 1.853405 1.89EtC5 1.89E405 1.893405 1.89E405 1.89E405 1.89E405 1.89E405 1.893405 

w 
c. 
w 
N 



TABLE 3-5A (continued) 

DOSE RATE (MRER/YR) PRON EXPOSURE TO COBTAHINATED G R O O N C .  CONTINUOUS DEPOSITION OF 1 RICROCURIE/CM**2/HR 
RADIATION TYPE: ELECTRON 

NUCLIDE T = 0 1 HOUR 1 D A Y  1 WEEK 1 H O N T A  1 YE 5 Y R  10 Y R  20 Y R  30  Y R  50 Y R  100 Y R  500 Y R  

XE-138 0.00E+00 1.01E+07 1.463+07 1.46E+07 1.46E+07 1.46E+07 1.46E+07 l.U6E+07 1.46E+07 1.46E+07 1.46E+07 l.U6E+07 1.46E+07 
CS-134 0.00E+00 6.64E+05 1.593+07 l . l1E+08 4.72E+08 4.94E*09 1.41E+10 1.67E+10 1.73E+10 1.73E+10 1.73E+10 1.73E+10 1.73E+10 
CS-135 O.OOE+OO 2.06E-03 4.94E-02 3.46E-01 1.48E+00 1.80Ei01 9.02E+01 1.80E+02 3.61E+02 5.41E+02 9.02E+02 l.8OE+03 9.02E+03 
CS-136 O . O O P + O O  1.16E+05 2.71E+06 1.63E+07 4.17E+C7 5.228+07 5.22E+07 5.22E+07 5.22Ei07 5.22Ei07 5.22E+07 5.223+07 5.22E+07 
CS-137 0.00E+00 7.45E+05 1.81E+07 1.27E+08 5.432+08 6.54E+09 3.13E+10 5.91E+10 1 .06E+l l  1 .43E+l l  1 .97E+l l  2.59Ei11 2 .88E+l l  

CS-138 O . O O E + O O  1.40E+07 1.933+07 1.93E+07 1.933+07 1,93E+C7 1.93I?+07 1.933+07 1.93Ei07 1.93Ei07 1.93E+07 1.932+07 1.93E+07 
CS-139 0.00E+00 8.293+06 1.18E+07 l . l8E+07 l . l8E+07 l . l8E+07 l . l8E+07 1.18X+07 1.18E+07 1.18E+07 1.18E+07 l . l8E+07 1.18E+07 
BA-133 O.OOY+OO 1.71E+Ol 4.10E+02 2.87E+03 1.23E+04 1.45E+05 6.37E+05 1.09E+06 1.663+06 1.94Et06 2.17E+06 2.25E+06 2.25E+06 
BA-137fl 0.00Ei00 1.11E+O4 1.11E+O4 l . l lE+04  l . l lE+O4 1.11E+O4 l.llE*OU l . l l E + 0 4  1.11E+O4 l . l l E i 0 4  l . l l E + 0 4  l . l lE+O4 l . l l E + 0 4  
BA-139 0.00E+00 1.76E+07 4.47E+07 4.47E+07 4.47E+07 4.47E+C7 4.47E+07 4.47E+07 U.U7E+07 4.47E+07 4.47E+07 4.472+07 4.473+07 

EA-140 0.00E+00 3.48E+06 1.30E408 1.64E+09 5.28E+09 6.77E+09 6.77E+09 6.77Ei09 6.77E+09 6.77E+09 6.772+09 6.77E+09 6,77E+09 
LA-140 0.00?’+00 1.18E+07 2.34B+08 6.53E+08 6.91E+08 6.91P+08 6.91E+08 6.91E+O8 6.91E+08 6.913+08 6.91YiO8 6.91E+08 6.91E+08 
CE-141 O . O O E + O G  1.27E+05 3.02E+06 1.98E+07 6.75E+07 1.42E+C8 1.42E+08 1.42E+O8 1.42E+08 1.42E+O@ 1.42E+O8 1.42E+08 1.42E+08 
CE-143 0.003+00 6.63E+06 1.29E+08 3.58E+08 4.71E+08 5.17E+08 5.17E+08 5.17E+08 5.173+08 5.17E+OR 5.17E+08 5.173+08 5.17E+08 
CE-144 0.00E+00 1.65E+07 6.24Et08 4.40E+09 1.84E+10 1 .54E+l l  2.58B+11 2.61E+ll  2.61E+ll  2 .61E+l l  2 .61E+l l  2 .61E+l l  2.613+11 

PR-143 O . O O E + O O  3.97E+06 9.29Ei07 5.61E+08 1.46E+09 1.87Ei09 1.875+09 1.87E+09 1.87E+09 1.87E+09 1 .A7E+09 1.87E+09 1.87E+09 
PR-144 O . O O E + O O  1.00E+07 l.lOE+07 l.lOE+07 l.lOE+07 l.lOE+07 l.lOE+07 l.lOE+07 1.10E+07 l . lOE+07 l.lOE+07 l . lOEi07 l.lOE+07 
ND-147 O . O O E + O O  1.84E+06 4.28E+07 2.50E+08 5.97E+08 7.05E+08 7.05E*08 7.05E+08 7.05E+08 7.05E+08 7.05E+08 7.353+08 7.05E+08 
PM-147 O.OOE+OO 2.54E-02 6.09E-01 4.26E+00 1.81E+01 1.96E+02 6.183+02 7.83E+02 8.38E+02 8.42Et02 8.43E+02 8.433+02 8.433+02 
PH-lU8R 0.00E+00 l . l5E+05 3.76E106 5.79E+07 3.84E+08 1.20E+C9 1.20E+09 1.20E+09 1.20E+09 1.20E+09 1.20E+09 1.202+09 1.20E+09 

PM-148 O . O O E + O O  1.583+07 3.56E+08 1.753+09 2.88E+09 2.94E+09 2.94E+09 2.94E+09 2.94E+09 2.94E+09 2.94E+09 2.94E+09 2.94E+09 
SM-151 O . O O E + O O  O.OOE+OO O . O O E + O O  O.OOE+OO O . O O E + O O  0.00E+00 O.OOE+OO O . O O E + O O  O . O O E + O O  O . O O E + O O  O.OOE+OO i I . O O E + O O  0.00E+00 
ELJ-154 0.00Ei00 3.083+06 7.393*07 5.17E+08 2.21E+09 2.59E+10 l . l l E + l l  1.85E+ll  2.66E+11 3.02E+11 3.25E+ll  3 .31E+l l  3 .31E+l l  
ELJ-155 0.00E+00 4.39E+03 1.05E+05 7.37E+05 3.14E+06 3.59E+07 1.38E+O8 2.07E+08 2.59E+08 2.71Et08 2.75E+08 2.75E+08 2.75E+08 
EU-156 0.00E+00 8.362+06 1.96E108 1.20E+09 3.28E+09 4.41E+C9 4.41E+09 4.41E+09 4.41E+09 U.41E+09 4.41E+09 4.41Ei09 4.413+09 

GD-162 0.00E100 1.03E+06 1 .OUE+06 1.04E+06 1.04E+06 1.04Ei06 1.04E+06 1.04E+06 1.OUE+06 1.OUE+06 1.04E+06 1.0UE+06 1.OUE+06 
TB-160 O . O O E + O O  1.87E+06 4.47EtOi 3.043+08 1.17E+09 4.48E+09 4.613+09 4.61E+09 4.61E+09 4.61E+09 4.613+09 U.61E+09 4.61E+09 
TA-182 0.00E+00 1.63E+05 3.90E+06 2.68E+07 1.07E+08 5.77E+CR 6.493+08 6.49E+08 6.49E+08 6. U9E+08 6.493+08 6.49E+08 6.49E+08 
1-185 0.00E+00 2.00E+04 4.783105 3.25E+06 1,26E+07 5.02E+07 5.193+07 5.192+07 5.19E+07 5.19E+07 5.19E+07 5.192+07 5.19E+07 
1-187 0.00E+00 1.892+06 3.32E+Oi 6.57E+07 6.62E+07 6.623+07 6.62E+07 6.62E+07 6.62E+07 6.62E+07 6.623+07 6.623+07 6.623+07 

AO-19511 O . O O E + O O  6.00E-03 6.009-03 6.00E-03 6.OOE-03 6.00E-03 6.00E-03 6.00E-03 6.00E-03 6.OOE-03 6.00E-03 6.00E-03 6.00E-03 
AU-195 0.00E+00 1.393-20 3.332-19 2.30E-18 9.47E-18 6.64E-17 @.89E-17 8.903-17 8.90E-17 8.903-17 8.908-17 8.903-17 8.90E-17 
10-198 O.OOE+OO 4.213+06 8.95E+07 3.30E+08 3.953+08 3.95E+C8 3.953+08 3.951+08 3.959+08 3.95E+08 3.953+08 3.95E+08 3.95E+08 
AU-199 0.00E+00 3.03E+03 6.55E+04 2.60E+05 3.30E+05 3.31E+05 3.31E+05 3.31E+05 3.31E+05 3.31E+05 3.31E+05 3.31E+05 3.31E+05 
HG-197 O.OOE+OO 2.11E-09 U.48E-08 1.64E-07 1.963-07 1.96E-07 1.96E-07 1.963-07 1.96E-07 1.96E-07 1.96E-07 1.96E-07 1.96E-07 

BG- 2 03 
TL-2 04 
TL- 2 08 
TL-2 10 
PB-204rl 

PB-2 10 
PB-2 12 
PB-2 14 
81-21OM 
BI-2 12 

61-2 14 

O . O O E + O O  
0.00E+00 
O . O O E + O O  
0. OOE +O 0 
O . O O E + O O  

O . O O E + O O  
0.00E+00 
0.00E+00 
O . O O E + O O  
O . O O E + O O  

0.00E+00 

1.34E+03 

2.2 5E+05 

8.17E+10 
1.03Ei06 

0 .O O E + O O  

2.0 3 E+ 12  
2.64E+08 

1.25E+09 
2.50E+07 

1.483+07 

1.02E+07 

W 
I 
w 
W 
W 



TABLE 3-5A (continued) 

DOSE BATE (lEEB/YR) PROM EXPOSURE TD CONTABIBATED GROUND. CONTINUOUS DEPOSITION OF 1 BICEOCUEIE/Cl**2/HR 
E A D I & T I O N  TYPE: ELECTRON 

NUCLIDE 
PO-2 10 
PO-2 14 

EN-220 

RN-222 
EA-2 24 
RA-2 26 
EA-228 
AC-228 

TH-228 
TH-230 
TH-231 
TH-2 32 
TH-234 

PA-233 
PA-234n 
PA-234 
0-23 2 
U-233 

0-234 
U-235 
11-236 
0-237 
0-238 

U-240 
NP-237 
NP-238 
NP-2 39 
NP-240 M 

PU-236 
PO-238 
PO-239 
PO-240 
PO-241 

PO-2 42 
PU-244 
AU-241 
AU-242 
AM-243 

CM-2 42 
Cl-243 

CP-2 52 

PO-2 18 

cn-2 44 

T 0 1 HOOB 1 D A Y  1 PEEK 1 HONTH 1 YR 5 Y R  1 0  Y R  20 YE 30  YR 50 YR 100 YE 500  Y R  
0.00Et00 0.00Et00 0.00Et00 0.0OEt00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00E400 0.00Et00 0.00Et00 0.00Et00 
0.00Et00 U.82E-09 2.663-06 1.01E-04 9.203-04 1.423-02 6.783-02 1.26E-01 2.19E-01 2.873-01 3.73E-01 4.52E-01 4.73E-01 

0.00Et00 6.30Et03 2.94Et05 3.83Et05 3.833t05 3.831+05 3.83E405 3.833t05 3.83Et05 3.83Et05 3.833405 3.83Et05 3.833+05 

0.00Et00 3.54Et06 3.31Et08 1.50Et09 2.083409 2.12E409 2.j23E409 2.34E409 2.533409 2.67EtO9 2.843409 3.00Et09 3.04EtO9 
0.00Et00 9.63EtOU 1.72Et08 1.51Et09 2.16Et09 2.16Et09 2.16Et09 2.16Et09 2.16Et09 2.16Et09 2.16Et09 2.16Et09 2.16EtO9 
0.00Et00 7.703403 2.941407 l . lOEt09 9.273409 1 .37Et l l  7 .12Et l l  1.47Et12 3.07Et12 U.78E412 8.383412 1.78Et13 8.883413 
0.00Et00 9.96EtO4 2.88E407 2.933+08 1.41Et09 3.76Et10 3.853411 7.963+11 1.20Et12 1.33Et12 1.38Et12 1.38E412 1.383+12 
0.00Et00 1,733406 1.51E407 1.66E407 1.971407 6.17Et07 1.43Et08 1.64Et08 1.68Et08 1.683+08 1.683408 1.683408 1.68E408 

0.00Et00 1.923402 1.17Et07 1.09Et09 9.79Et09 1 .24Et l l  3 .47Et l l  4 .04Et l l  4 .15Et l l  4 .15Et l l  4.15E411 4 .15Et l l  4 .15Et l l  
0.00Et00 7.22EtOO 2.05Et01 3.43E403 1.41Et05 2.92EtO7 7.6OEt08 3.11E409 1.29E410 2.98Et10 8.663410 3.69Et11 9.76Et12 
0.00E400 4.48E401 8.OOEt02 1.65EtO3 1.67Et03 1.671403 1.67Et03 1.67Et03 1.67E403 1.67Et03 1.67E+03 1.67E+03 1.67Et03 
0.00Et00 1.02Et05 7.293405 9.95Et05 7.25E406 1.85EtC9 9.793410 4 .61Et l l  1.71Et12 3.253412 6.53Et12 1.48Et13 8.14Et13 
0.00E400 2.05Et07 U.99Et08 3.213409 1.02Et10 1.76Et10 1.76Et10 1.76E410 1.76Et10 1.76E410 1.76E410 1.76Et10 1.76Et10 

0.00E400 6.031405 1.16Et06 1.16E406 1.16Et06 1.17E406 1.23Et06 1.30Et06 1.4OE406 1.48E+06 1.57Et06 1.66Et06 1.693406 

0.00Et00 1.81Et05 9.293406 2178Et07 9.09BtO7 1.69EtO8 1.69Et08 1.6912408 1.69E+08 1.69EtO8 1.693408 1-69Et08  1.69E408 
0.00E400 5.96E405 5.96Et05 5.963405 5.96Et05 5.961t05 5.96Et05 5.96E405 5.96E405 5.963405 5.96Et05 5.96Et05 5.96Et05 

0.00Et00 2.84E-03 2.953403 2.51Et06 1.23EtO8 2.34Et10 3 .95Et l l  1.06Et12 2.38Et12 3.60E+12 5.70E412 9.503412 1.553413 
0.00Et00 2.66E-44 6.38E-43 U.47E-42 1.92E-01 2.33E-40 1.171-39 2.33E-39 4.663-39 6.993-39 1.163-38 2.333-38 1.161-37 

0.00Et00 l.4OEt01 2.78Et01 3.85Et01 3.51Et01 1.19EtC2 1.1 3Et04 9.22Et04 7.59Et05 2.623406 1.263407 1.07E408 1.46Et10 
0.00Et00 6.17E-01 2.893402 5.97Et03 3.10Et04 3.96Et05 1.99E406 3.98EtO6 7.95Et06 1.19Et07 1.99Et07 3.98Et07 1.99Et08 

O.OOEtO0 9.76E-01 2.23E401 1.17Et02 2.18Et02 2.401+02 2.95Et02 3.643402 5.01E402 6.373402 9.1 1Et02  1.60Et03 7.073403 
0.00Et00 4.68Et05 7.63Et06 3.34Et08 5.01Et09 1 .67Et l l  9.07E411 1.833412 3.68Et12 5.53E412 9.22Et12 1.85E413 9.24E413 

0.00E400 1.32E407 2.30E408 3-34Et08 3.34Et08 3.341t08 3.343408 3.3UE408 3.34Et08 3.341408 3.34Et08 3.34Et08 3.34E408 
0.00Et00 9.68E+01 5.53E404 2.58Et06 3.95E407 1.42Et09 7.76Et09 1.57E+10 3.15Et10 4.743410 7.91E410 1.58E411 7.93E+11 
0.00Et00 3.74E406 7.72Et07 2.49Et08 2.77Et08 2.77E408 2.77Et08 2.773408 2.77Et08 2.77E+08 2.77E408 2.773408 2.77Et08 
0.00Et00 1.36Et05 2.853406 9.733406 l . l l E t 0 7  l . l lE407  l . l l E t 0 7  l . l l E t 0 7  1.11Et07 l . l lE407  l . l l E + 0 7  1.11Et07 l . l lE407  
0.00E400 2.951406 2.96Et06 2.96Et06 2.96EtC6 2.96E406 2.96Et06 2.96Et06 2.96Et06 2.968406 2.963406 2.96E406 2.96EtO6 

0.00E400 8.333-05 1.57E-02 1.13E402 2.78Et04 7.16Et07 5.32Et09 2.34Et10 7.32E410 1 . 2 3 E t l l  2 .10Et l l  3.66E+11 6 . 1 4 E t l l  
0.00Et00 1.OlE-02 2.22E-02 1.853-02 1.57E-02 1.611-02 5.611-02 6.54E-01 1.03E401 5.263401 4.08E402 6.44Et03 2.783406 
0.00E400 2.54E-07 1.01E-06 2.71E-06 8.12E-06 1.98E-04 4.88E-03 1.953-02 7.82E-02 1.76E-01 4.89E-01 1.95Et00 4.87Et01 
0.00Et00 3.47E-01 6.11E-01 6.05E-01 5.59E-01 6.12E-01 6.06E-01 5.533-01 5.07E-01 5.53E-01 5.53E-01 5.533-01 5.22E400 
0.00E400 2.601-07 4.94E-07 1.653-06 2.1lE-05 1.00E-01 1.52EtOl 1.18E+02 8.62Et02 2.6UE403 1.022+04 5.593404 1.60Et06 

0.00Et00 8.39Et01 1.15E402 9.941t01 1.21Et02 1.36E402 5.00Et02 1.53E403 5.80E403 1.293404 3.583+04 1.43E405 3.58EtO6 
O.OOEtO0 2.83E405 1.61EtOe 2.42E409 1.15Et10 1 . 4 3 E t l l  7.18E411 1.44E412 2.87E412 4.313+12 7.18E+12 1.44E413 7.183413 
0.00E400 7.41E-06 2.11E-05 5.44E-03 3.71E-01 2.08E402 6.13EtO3 2.50E404 1.009405 2.26Et05 6.223+05 2.432+06 5.00Et07 
0 . 0 0 E t 0 0  4.01E-07 5.133-07 6.223-07 5.59E-07 6.04E-07 1.32E-06 1.06E-05 1.643-04 R.56E-04 6 . 8 0 8 4 3  1.10E-01 4.85Et01 
0.OOEtOO 8.38E402 4.41E405 1.33Et07 8.75Et07 1.19E409 5.99E409 1.20E410 2.40Et10 3.593410 5.99E410 1 . 1 9 E t l l  5.863411 

0.00E400 9.883-05 1.13E-04 1.16E-04 1.173-04 1.19E-04 2.53E-04 2.67E-03 4.65E-02 2.46E-01 1.97EtOO 3.19E401 1.41EtO4 
O.OOE400 5.523-01 1.32E401 9.27Et01 3.97Et02 4.781403 2.27EtO4 4.28Et04 7.63EtO4 1.02Et05 1.39Et05 1.79E405 1.96Et05 
0.00Et00 7.703-04 1.573-03 1.363-03 1.363-03 1.57E-03 1.573-03 1.363-03 1.573-03 1.573-03 1.368-03 1.57E-03 1.24E-02 
0.00E400 0.00Et00 0.00E400 0.00E400 O.OOE400 0.00E400 0.00E400 0.00E+00 0.00Et00 0.00E400 0.00E400 O.OOE+OO 0.00E400 

0.0OEt00 1.24Et06 1.16Et07 1.26Et07 1.26Et07 1.26E407 1.26Et07 1.26Et07 1.263+07 1.263407 1.26Et07 1.263407 1.263407 

0,OOEtOO 8.023402 1.62Et03 1.86Et03 2.02Et03 2.05E403 2.053403 1.83Et03 2.27Bt03 3.62E+03 8.213+03 3.47EtOU 9.873405 

Al 

'AI 
P 

c. 



LD 
cr) 
4 
I 

m 

ootaoo'o 
OOt300'0 
oo*aoo'o 
00 +a00 '0 
oot a00 '0 

00 + a00 '0 

00t300'0 
oo+aoo'o 

0 o+ a 0 0 -,o 

ootaoo-o 

95-03 
65 -ad 

ZS,-Zd 
hS-NU 

ZS-NU 
UZS-NU 
1 5 -83 
6h-35 
1h-35 

ss-ad 

,F]S-f 319Yl 



TABLE 3-58 (continued] 

DOSE RATE (HREO/YR) PRO1 EXPCSOEE TO CONTAHINATEC GROUND. CCNTINUOUS DEPOSITION OF 1 1ICROCURIE/C1**2/AR 
R A D I A T I O N  TYPE: PHOTON 

NUCLIDE T = 0 1 HOUR 1 DAY 1 WEER 1 HOUTH 1 YR 5 Y R  10  Y R  20 Y R  3 0  YR 50 Y R  100  Y R  500 Y R  
GE-77 0.00E400 1.44EtO6 1.861407 2.4UE+07 2.44E+07 2.44Et07 2.44E407 2.443407 2.44E+07 2.44E407 2.44E407 2.44E407 2.UUE407 
AS-76 0.00E400 6.573405 1.18E+07 2.503407 2.5313407 2.531407 2.533407 2.533407 2.533407 2.531407 2.53Et07 2.533407 2.53E407 
AS-77 0.00E400 1 . 5 5 E t O U  3.053405 8.32Et05 8.763405 8.76E405 8.76Et05 8.76E405 8.763405 8.763405 8.76E405 8.76E405 8.763+05 
SE-75 0.00E400 9.613405 2.3OE+07 1.58Et08 6.353408 3.511409 3.99E409 3.99E409 3.99E409 3.99E409 3.993409 3.993409 3.99E409 

SE-771 O.OOE400 1.21E403 1.21E403 1.21E403 1.21E403 1.211+03 1.21E403 1.21Et03 1.21Et03 1.21E403 1.21E+03 1.213403 1.21E403 
BR-801 0.00E400 3.182405 2.47E406 2.533406 2.533406 2.53EtC6 2.53E406 2.53E406 2.533406 2.533406 2.533406 2.53E406 2.533406 
BR-80 0.00E400 5.36E404 5.90E404 5.9OE404 5.90E404 5.90Et04 5.90E404 5.90E404 5.90E404 5.90E40U 5.90EMU 5.90E404 5.90E404 
BR-82 0.00E400 4.03E406 7.79E407 2.00E+08 2.08EtO8 2.08E408 2.08E408 2.083408 2.083408 2.08E400 2.083408 2.08Et08 2.08E+08 
BR-83 0.00E400 2.343405 9.693405 9.703405 9.703405 9.701405 9.703405 9.703405 9.70E+05 9.703405 9.70E405 Y.70E405 9.70E405 

BR-84 0.00E400 1.38E406 1.891406 1.89E406 1.89EtO6 1.89E406 1.893406 1.89E406 1.89E406 1.89E406 1.89E406 1.893406 1.893406 
KR-79 0.00Rt00 4.99E405 9.62E406 2.453407 2.54EtC7 2.54E407 2.5UE407 2.542407 2.5UE407 2.54E+07 2.54E407 2.543407 2.54E407 
KR-8311 0.00E400 4.95EtOU 1.593+05 1.593405 1.593405 1.591405 1.593405 1.59E405 1.59E405 1.59EtO5 1.592405 1.592405 1.59E405 
KR-85N 0.00E400 2.23E405 1.52Et06 1.563406 1.563406 1.562406 1.563406 1.56E406 1.56E406 1.563406 1.56E406 1,563406 1.56E406 
KR-85 O . O O E 4 O O  3.253403 7.803404 5.46E405 2.333406 2.76E407 1.22E408 2.10E408 3.20E408 3.773408 4.2UE408 4.4OE408 4.4lE408 

KR-87 0.00E400 8.243405 1.963406 1.96E406 1.963406 1.963406 1.96E406 1.96E406 1.96rJ406 1.963406 1.96E406 1.96E406 1.96E406 
KR-88 0.00E400 2.863406 1 .UUE407 1.44Et07 1.44E407 1.44EtC7 1.44E407 1.44E407 1.44E407 1.UUEt07 1 .UUE407 1.443407 1.44E407 
RB-84 0.00E400 1.48E406 3.523407 2.323408 7.97E408 1.743409 1.74E409 1.74E409 1.74E409 1.74E409 1.74E409 1.741409 1.74E+09 
RE-86 0.00E400 1.41E405 3.32Et06 2.09E407 6.123407 9.11E407 9.11E407 9.11E407 9.11E407 9. l l E 4 0 7  9.11E407 9.11E407 9.11E407 
RB-88 0.00E400 3.5613405 3.932405 3.93E405 3.93E405 3.931405 3.93E405 3.93E405 3.933405 3.933405 3.93Et05 3.931+05 3.93E405 

RE-89 0.00E400 1.14E406 1.22E406 1.223406 1.22E406 1.22EtC6 1.229406 1.22E406 1.22E406 1.223406 1.22E406 1.22E406 1.22Et06 
RB-90 0.00E400 2.05E405 2.05E405 2.05E+05 2.053405 2.05E405 2.05E405 2.05E405 2.05E405 2.05E405 2.05E405 2.05E405 2.052405 
SR-85 0.00E+00 9.773405 2.33E107 1.5BEtO8 6.023408 2.16E409 2.213409 2.21E409 2.21E409 2.21E409 2.21E409 2.21E409 2.21E409 
SR-87N O.OOE400 4.59E405 2.09E406 2.10E406 2.10E406 2.102406 2.10E406 2.10E106 2.10E406 2.10E406 2.10E406 2.10E406 2.10E406 
SR-89 0.00Et00 0.00E400 0.00Et00 0.00Et00 0.00E400 0.00E400 0.00Et00 0.00E400 0.00E400 0.00E400 0.00E400 0.002400 0-00E*00 

SR-90 0.00E400 0.00E400 O . C O E 4 O O  0.00E400 0.00E+00 0.00E400 0.00Et00 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 
SR-91 0.00Et00 1.23EtO6 1.81E407 2.20Et07 2.213407 2.213407 2.213407 2.213407 2.213407 2.213407 2.213407 2.21E407 2.21E407 
SR-92 0.00E400 1.62E406 8.42E406 8.48E406 8.48E406 8.481406 8.48E406 8.483406 8.48E406 8.48Et06 8.483406 8.483406 8.48E406 
SR-93 0.00E400 4.1UE405 4 .30E+05 4.3UEt05 U.34Et05 4.342405 4.34E+05 4.34Et05 4.34E405 4.343405 4.34E405 4.34E405 4.34E405 
Y-87 0.00Et00 9 .933405 2.98E407 1.293408 1.683408 1.69EtC8 1.69E408 1.69E408 1.69E408 1.69E408 1.69E408 1.693*08 1.693408 

11-86 0.00Et00 3.91Bt06 9.35Et07 6.42E408 2.56Et09 1.31E410 1.44E410 1.44E410 1.44E410 1.44E410 l.UUE410 1.44E410 1.44E410 
Y-90 0.00E400 0.00E400 0.00Et00 0.00Et00 0.00Et00 0.OOEtCO 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 0.00E+00 
Y-911 0.00Et00 5.6UEt05 9.96Et05 9.96Et05 9.97Et05 1.00E406 1.00E406 1.00Et06 1.00E406 1.00E406 1.00E406 1.00E406 1.00E406 
I-91 0.00Et00 3.52E403 8.4OEt04 5.67E+05 2.12E406 6.82EtC6 6.90E406 6.90E406 6.902406 6.90E406 6.903406 6.903406 6.90E406 
Y- 92 0.00Et00 3.353405 1.86Et06 1.88E406 1.88E406 l.ABEtC6 1.883406 1.88E406 1.88E406 1.88E406 1.88E406 1.88Et06 1.883406 

Y-93 0.00Et00 1.04E405 1.283406 1.59E406 1.593406 1.59E406 1.59Et06 1.59E406 1.59E406 1.59El.06 1.593406 1.593406 1.593406 
ZR-95 0 .00Et00  1.13E406 2.73Et07 1.96E408 8.86E408 5.09E409 5.272409 5.272409 5.27E409 5.27E409 5.27EtO9 5.27E409 5.27E409 
ZR-97 0.00E400 1.53E+06 3.55E407 5.77EtO7 5.78Et07 5.78E407 5.783407 5.78Et07 5.78E407 5.78E+07 5.782407 5.78E407 5.78E407 
NE-951 0 .00Et00  8.51E404 2.12B406 1.673407 6.77Et07 1.591408 1.593408 1.593408 1.59E408 1.59E408 1.59E408 1.59E408 1.593408 
NB-95 0.00Et00 1.19Et06 2.83Et07 1.87E408 6.47E408 1.45E409 1.45Et09 1.45Et09 1.45Et09 1.458409 1.45E409 1.45E409 1.45EtO9 

NB-971 0.00E400 3.423404 4.723404 4.72E404 U.72E404 4.72E404 4.72E404 4.723404 U.72EtOU 4.72E404 4.72E404 4.72E404 4.72E404 
NB-97 0.00E400 7.953405 1.84E106 1.84E406 1.84E+06 1.84E406 1.84EtO6 1.84E406 1.84E+06 1.84E406 1.8UE406 1.8UE406 1.84E406 
10-99 0 .00Et00  2.85E405 8.24Et06 3.46Et07 4.21E407 4.21E407 4.21E407 4.21E407 4.213407 4.21E407 4.213407 4.21E407 4.21E407 
TC-991 0 .00Et00  1.793405 1.55EeC6 1.65Et06 1.653406 1.651406 1.65E406 1.65Et06 1.65E406 1.65Et06 1.65E406 1.65E406 1.65E406 
TC-99 0.00E400 0.003400 0.00E400 0.00Et00 0.00E400 0.001400 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 0.00E+00 

BU-103 O . O O E 4 O C  7.913405 1.92Et07 1.283408 4.52E408 l.lOE409 l . l l E 4 0 9  l . l l E t 0 9  l . l l E 4 0 9  l . l l E 4 0 9  l . l l E 4 0 9  l . l l E 4 0 9  l . l l E 4 0 9  
RU-106 0.00E400 2.88E405 7.00E406 4.873407 Z.OUEtO8 1.85E409 3.61E409 3.73E409 3.733409 3.73E409 3.733409 3.73E409 3.733409 
RH-103N 0.00E400 1.52E404 2.912404 2.91E404 2.91E404 2.91E404 2.913404 2.91E404 2.915404 2.91EtO4 2.91E404 2.YlE404 2.91E404 



TABLE 3-58 (continued) 

DOSE R A T E  (MREM/YR) FRO0 EXPOSURE TO C O N T A R I N A T E D  G R O U N D .  CCNTINUOUS DEPOSITION O F  1 0ICROCURIE/C0**2/YR 
R A D I A T I O N  TYPE: PHOTON 

NUCLIDE 
RH-105 
R H - 1  06 

PD-103 
AG-110H 
AG-111 
CD-1 I lH 
CD-1131 

CD-1151 
I N - 1  130 
I N - 1  140 
I N - 1  14 
I N - 1  150 

SN-113 
SN-1191 
SN-123 
SN-125 
SB- 1 22 

SB- 124 
SB-125 
SB-127 
TE-1231 
TE-125U 

TE-127 U 
TE-127 
TE- 1 290 
TE-129 
?E-1 31 1 

TE-I 31 
TE- 132 
1-123 
1-124 
I- 12 5 

1-126 
1-129 
1-130 
1-131 
1-132 

1-133 
1-134 
1-135 
1-136 
XE-1310 

XE-133 0 
XE- 133 
XE-1351 
XE- 135  

T = 0 1 HOUR 1 D A Y  1 WEEK 1 0ONTH 1 YR 5 YR 10 YR 20 Y R  3 0  YR SO Y R  100 YR 500 Y R  
0.00E400 1.213405 2.34Et06 6.013406 6.25Et06 6.25Et06 6.25E406 6.253406 6.25Et06 6.253406 6.25Et06 6.25E406 6.25E406 
O . O O E + O O  3.503403 3.50Et03 3.503t03 3.503403 3.50Et03 3.50E403 3.503403 3.50Et03 3.503403 3.50E403 3.50E403 3.50E403 

0.00E400 3.713403 8.73Ei04 5.441+05 1.56E+O6 2.25E406 2.25Et06 2.25E406 2.2SE406 2.25Et06 2.25Et06 2.25E406 2.25Et06 

0.00E+00 3.893405 6.773405 6.77E+05 6.773405 6.77Et05 6.77Et05 6.77E+05 6 .77Et05  6.77Et05 6 .77Et05  6.77Et05 6.77Et05 

O . ( r O E t O O  4.13E406 9.90Et07 6.87E408 2.85Et09 2.28Et10 3.56E+10 3.58Bt10 3.58Et10 3.58E410 3.589+10 3.58EtlO 3.58Et10 
0.00E400 6.48Et04 2.233106 1.23Et07 2.42Et07 2.58E407 2.58Et07 2.58E+07 2.583407 2.58E407 2.583407 2.582407 2.58Et07 

0.00E400 1.74E-02 1.743-02 1.7UE-02 1.743-02 1.74E-C2 1.7UE-02 1.743-02 1.743-02 1.74E-02 1.743-02 1.74E-02 1.74E-02 

0.00E+00 4.983404 1.41E406 9.933+06 3.61Et07 9.68E407 9.72E407 9.723t07 9.72E407 9.72Et07 9.72E407 9.72Et07 9.72E407 
0.00Et00 3.24E+05 9.50Et05 9.50EtC5 9.5CEtCS 9.50E405 9.50Et05 9.50E405 9.50E405 9.50Et05 9.509405 9.502405 9.50Et05 
0.00Et00 1.95E405 4.66Et06 3.13Et07 1.15Et08 3.37EtO8 3.393408 3.39Et08 3.39Et08 3.39EtO8 3.39E408 3.39Et08 3.393408 
O.OOPtO0 1.939+02 1.933402 1.93Et02 1.933tO2 1.93EtC2 1.933402 1.933tO2 1.933+02 1.93Et02 1 .93Et02  1.933402 1.93E402 
0.00Et00 2.613+05 1.79EtO6 1.833+06 1.833tO6 1.833406 1.83Bt06 1.83Et06 1.83Et06 1.83E406 1.83E+06 1.83Et06 1.83E406 

0.00E400 2.81Et05 1.363407 9.883407 3.98EtO8 2.153409 2.411409 2.413409 2.41E409 2.41 E409 2 . 4 l E N 9  2.412t09 2.41E409 
0.00E400 9.303+04 2.233+06 1.55E+07 6.423407 5.08Et08 7.84EtOR 7.89EtO8 7.89E408 7.89EtOR 7.89E+08 7.89Bt08 7.893408 
0.00Et00 0.00Et00 0.00Et00 O.OOE+OO 0.00E400 0.00E400 0.00E400 0.00Et00 0.00E400 0.00E400 0.00E400 0.00E400 0.003400 
0.009400 U . 5 8 E t 0 5  1.063407 6.09Et07 1.39E408 2.15EtC8 3.59Et08 4.17E408 4.39E408 4.4OE408 4.4OE408 4 .4OEt08  4.40Et08 
0.00Et00 6.51E405 1.39Ei07 5.12E+07 6.16E407 6.16El.07 6.16Et07 6.16E407 6.165+07 6.16Et07 6.16Et07 6.16Et07 6.16E407 

0.003400 2.67Et06 6.373+07 4.31Et08 1.63E+09 5.48E409 5.57Et09 5.57E409 5.57E409 5.57Et09 5.57Et09 5.573+09 5.57Et09 
O . O O E + O O  8.073405 1.943407 1.36Et08 5.81Et08 6.573409 2.13Et10 2.733410 2.95E410 2.973410 2.97Et10 2.97Et10 2.973410 
0.00Et00 1.04E406 2.29Bt07 9.92E407 1.37E408 1.39E408 1.393408 1.39E408 1.39E408 1.39E408 1.393408 1.39E408 1.39Et08 
0.00Et00 2.81E405 6.723+06 4.63Et07 1.86Et08 1.02Et09 1.16E409 1.17E409 1.17Et09 1.173409 1 .17Et09  1.173409 1.17E409 
O . O O P t O 0  2.23E+05 5.323406 3.59E+07 1.35E408 4.42E408 4.48Et08 4.48E+O8_ 4 .48EtO8 4 .483408 4.48Et08 4.48E408 4.48E408 

0.00E+00 6.189t04 1.553+06 l . l l E t 0 7  4.45E407 2.31Et08 2.56E408 2.56E408 2.56E408 2.56EtO8 2.56E408 2.56E408 2.56Et08 
0.OOEtOO 6.26Et03 7.28Et04 8.753404 8.75EtC4 8.75E404 8.75E404 8.75E+04 8.75E+04 8.75E404 8 .753t04  8.753404 8.75Et04 
0.00E400 1.193405 4.193t06 2.843+07 9.77Et07 2.11E408 2.11Et08 2.11E408 2.11E408 2. l lE408  2.11E408 2.11E408 2.11Et08 

0.00Et00 2.763406 4.183107 1.04E+08 1.21E408 1.23EtC8 1.23Et08 1.23E+08 1.23E+O8 1.23E408 1.233+08 1.23Et08 1.23Bt08 
0.003400 9.953404 2.223+05 2 . 2 2 ~ + 0 5  2.22Et05 2.22Et05 2.22Et05 2.223t05 2.22Et05 2.223405 2 .223t05  2.22Et05 2.22Et05 

0.00Et00 3.10E405 U.llE405 5.44E+05 7.15Et05 7.423+05 7.42Et05 7.42E405 7.423405 7.42E405 7.42Et05 7.42E405 7.42EtO5 
0.003400 7.933t05 7.37Et07 3.34Et08 4.333408 4.34EtC8 4.343+08,4.3UE408 4.34E408 4. 343408 4.34Et08 4.34E+08 4.3UEtO8 
0.00Et00 3.543405 4.933406 6.86E+06 6 . 8 6 ~ + 0 6  6.87Et06 6.873406 6.873406 6.87Et06 6.87E406 6.87E+06 6.873406 6.87Et06 
0.00Et00 1.703406 3.78EtC7 1.7OE408 2.45Et08 2.4713408 2.47E408 2.473408 2.473408 2.47Et08 2.473t08 2.47E408 2.473408 
0.00Et00 2.603t05 6.20Et06 4.20E+07 1.58Et08 5.30Et08 5.38Et08 5.38E408 5.38EtO8 5.v38B408 5.38Bt08 5.383408 5.38Et08 

0.00Et00 
0.00Et00 
0.00Et00 
0.00E+00 
0.00Et00 

O . O O E + O O  
0.00Et00 
0.002 400 
0.00Et00 
0.00Et00 

7.353+05 1.723407 1.03Et08 2.64Et08 3.31EtC8 3.31Et08 3.313408 3.31E408 3.31EtOA 3 .313t08  3.31Et08 

3.07E406 4.18Et07 5.65E407 5.653407 5.65Et07 5.65Et07 5.65Et07 5.65E407 5.653407 5.65Et07 5.65E407 
1.323t05 3.17E406 2.22Et07 9.503407 1.16Et09 5.783+09 1.16E410 2.31E+10 3.473410 5.783410 1 . 1 6 E t l l  

5.973405 1.383t07 7.55Et07 1.543+08 1.671408 1.67E408 1.67E408 1.673+08 1.67Et08 1.673408 1.671+08 
3.063+06 1.17Et07 1.173407 1.173407 1.173407 1 . 1 7 ~ + 0 7  1.17E+07 1.172407 1.17Et07 1.173407 1.173407 

1.02Et06 1.74Et07 3.33Et07 3.503+07 3.51E407 3.51Et07 3.51Et07 3.513407 3.513407 3.513407 3.51Et07 

2.513406 2.583+07 2.92Et07 2.923t07 2.92EtO7 2.923t07 2.92Et07 2.92Et07 2.923407 2.923+07 2.923+07 
1.283405 1.283t05 1.28Et05 1.28EtO5 1.28Et05 1 . 2 8 ~ t 0 5  1.283+05 1.283405 1.28Et05 1.282405 1.28Et05 
9.873+04 2.303t06 1.37E+O7 3.383407 4.10Et07 4.103407 4.10E407 4.10E407 4. 10Et07  4.10Et07 4.10E407 

2.50Et06 4.57Et06 4.57Et06 4.57Et06 U.573406 4.57E+06 4.573+06 4.573406 4. 5 7 ~ 0 6  4.573+06 4.57Et06 

3.3 1 Et08 
5 .78Et l l  
5.65Et07 
1.67Et08 
1.17Et07 

3.5 1 340 7 
4.57Et06 
2.92 340 7 
1.28EtO 5 
4.1 OE407 

0 .00Et00  1.31Et05 2.88E+06 1.25EtO7 1.88Et07 1.923407 1.92Et07 1.923tO7 1.923tO7 1.92Et07 1.923+07 1.923407 1.923+07 
0.00E400 1.16Et05 2.613+06 1.283+07 2.083+07 2.12EtC7 2.12Et07 2.122407 2.123407 2.123407 2.12Et07 2.12Et07 2.123407 
0.00E400 2.453+05 3.703t05 3.943405 3.943405 3.94E+05 3.943405 3.94Et05 3.9UEt05 3.943405 3.94E+05 3.9UEt05 3.94Et05 
0.00Et00 3.623t05 U.16Et06 4.983+06 4.98E406 4.9RBt06 4.983406 4.98Et06 4.98Et06 4.98E406 4.983+06 4.98Et06 4.98E+06 

w 
c. 
w 
v 

Xk-137 0.00Et00 2;5UE404 2.543+04 2.543+04 2.55Et04 2.71Et04 3.383t04' (1.12Et04 5.38Bt04 6.39EtOU 7 .813t04  9.48E+04 1.03Et05 



CLZ-I@ 

21 Z-I6 
UOLZ-IE 

BIZ-Bd 
ZL Z-Ed 
OLZ-Bd 

Y tO Z-Bd 
01 z-?J 
80Z-1J 
bo 2 -?& 
EOZ-9H 

L6 1-38 
66 1-flY 
86 1 -nV 

US6 1-nY 
s6i-n~ 

L -n 
SBL-B 

Z8 1 -Y& 
09 1-B& 
z9 L -a9 

9s L -na 
ss L-na 
trs c-na 
LSL-us 
8h 1-Yd 

YBCL-Yd 
Lh L -Yd 
Lll L -(IN 
hh 1-Bd 
Eh L -Bd 

th 1-33 
Et 1-33 
LhL-33 
Oh 1 -Y? 
Oh 1-YE 

6E L -VU 
YLEL-YE 

Et 1 -VU 
6E L -S3 
8El-S3 

LE 1-s3 
9E 1-s3 
SE 1-s3 
%EL-S3 
8E L -ax 

HA 00s ax OOL EA os EA OE EA oz. ax OL . EA s ax L H&NOB L BaaB L AYa 1 EDOH 1 0 = J zax?mN 

NOAOHd :MA& 8013QIQQ1I 
EH/Z**B3//aIaO30E3IU L do NOIAISOdZQ SOOOlIJBO3 'aBn083 Q'd&VEIRVXBO3 OI ZHllSOdXa YOXd (aL/UaXU: ZJYE 3SOQ 



TABLE 3-5B (continued) 

DOSE RATE (UREH/YR) PRON EXPOSURE TO CONTANINATED G R O U N D .  CCNTINUOUS DEPOSITION OF 1 NICROCORIE/CU**2/HR 
RADIATION TYPE: PROTON 

NUCLIDE T = 0 1 AOUR 1 D A Y  1 VEER 1 UORTH 1 PR 5 Y R  10 Y R  20 Y R  3 0  YR 50 YR 100 Y R  
PO-210 
PO-2 14 
PO-2 18 
RN- 2 20 

RN-222 
RA-224 
EA-2 26 
RA-228 
AC-228 

TA-228 
TA-230 
TA-231 
TA-2 32 
TA-2 34 

PA-233 
PA-234N 
PA-2 34 
0-232 
0-233 

V-234 
0-235 
0-236 
0-237 
0-238 

'0-240 
NP-2 37 
AP-238 
NP-239 
AP-2 40 u 
PO-236 
PO-238 
PU-239 
PO-240 
PO-241 

PO-2 42 
PO-244 
AU-241 
AU- 2 42 
An-243 

cn-242 
cu-2 43 
CLI- 2 44 
CP-2 52 

= m D  

500 Y R  
0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 
0.00Et00 1.13E-05 1.17E-05 1.39E-05 2.253-05 1.45E-04 6.4lE-04 1.18E-03 2.042-03 2.663-03 3.46E-03 U.19E-03 4.39E-03 
O . O O € ? t O O  1.01Et05 1.89Et05 1.89Et05 1.89Et05 1.89Et05 1.89Et05 1.90Et05 1.91Et05 1.91Et05 1 .92Et05  1.93Et05 1.93Et05 
0.00Et00 9.16Et02 3.313404 4.29EtO4 U.29Et04 4.29EtOU 4.29Et04 4.29EtO4 4.29EtOU 4. 29Et04 4.29EtO4 4.29Et04 4.29Et04 

0.OOEtOC 6.07Et05 5.4OEtO7 2.4UEt08 3.39E+08 3.41 Et08 3.42Et08 3.43Et08 3.44Et08 3.46EtOA 3.47Et08 3.49Et08 3.49Et08 
0.00Et00 3.22Et04 1.99Et07 1.71Et08 2.4UEt08 2.45EtC8 2.45Et08 2.45EtO8 2.45Et08 2.45EtO8 2.45Et08 2.45Et08 2.45Et08 
0.00Et00 1.29Et04 5.08EtO6 1.87EtO8 1.52Et09 2.23Et10 1 .13Et l l  2.26Et11 4 .53Et l1  6 .80Et l l  1.13Et12 2.25Et12 1.04Et13 
0.00Et00 2.10E+05 2.11Et07 2.02EtO8 9.07Et08 1.30Et10 7.87Et10 1 .45Et l l  2 .07Et l l  2.27Et11 2 . 3 4 E t l l  2.35Et11 2.35Et11 
O.OOEtO0 1 . 0 5 ~ t 0 6  9.17Et06 9.87Et06 1.02Et07 1.50Et07 2.44Et07 2.68Et07 2.72Et07 2.73Et07 2.73Et07 2.73Et07 2.73Et07 

0.00Et00 2.84EtOU 2.05E406 1.283408 1.13E+09 1.43Et10 3.98Et10 4.64Et10 4.76Et10 4.77EtlO 4.77Et10 4.77Et10 4.77Et10 
0.00Et00 2.20Pt04 5.28Et05 3.70Et06 1.59EtC7 1.97EtC8 1.09Et09 2.42Et09 5.81Et09 1.02Et10 2.19Et10 6.82Et10 1.26Et12 
O.OOPtO0 2.68Et05 U.80Et06 9.90Et06 1.00Et07 1.00Et07 1.00Et07 1.00Et07 1.00Et07 1.00Et07 1.00Et07 1.00Et07 1.00Et07 
O.OOgtO0 5.10EtO4 6.14Et05 3.86Et06 1.96E407 9.28EtC8 2.36Et10 9.33Etl0 3.1UEtll  5 . 8 0 E t l l  l . lUEt12  2.56Et12 1.40Et13 
0.00Et00 3.65EtO4 8.753+05 5.63Et06 1.78Et07 3.09EtC7 3.09Et07 3.09Et07 3.09Et07 3.09Et07 3.09Et07 3.09Et07 3.09Et07 

0.00Et00 3.99Et05 9.45Et06 6.14Et07 2.00Et08 3.73Et08 3.73Et08 3.73Et08 3.73Et08 3.73Et08 3.73Et08 3.73Et08 3.73Et08 
0.00Et00 4.52EtO2 4.52EtO2 U.52Et02 4.52E+02 4.52EtO2 4.52Et02 4.52Et02 4.52Et02 4.52Et02 U.52Et02 4.52Et02 4.53Et02 
O.OOEtO0 U.32Et06 4.02Et07 4.38Et07 U.38Et07 4.38Et07 4.38Et07 4.38Et07 4.38Et07 4.382t07 4.38Et07 4.38Et07 4.38EtO7 
0.00Et00 2.94Et04 7.06Et05 5.2UEt06 3.5UEt07 2.94Et09 '4.66Et10 1 .24Et l l  2.78Et11 4.19Et11 6.65Et11 1.11Et12 1.81Et12 
0.00Et00 1.76Et04 4.22Et05 2.96Et06 1.27E+07 1 . 5 U E t C 8  7.71Et08 1.54Et09 3.08Et09 4.62E*09 7.71Et09 1.54Et10 7.70Et10 

0.00Et00 2.60EtO4 6.24Et05 4.37Et06 1.87Et07 2.28EtC8 1.14Et09 2.28EtO9 4.56Et09 6.83Et09 1.1UEt10 2.28Et10 1.16Et11 
0.00Et00 3.64Et05 1 .OUEt07 9.63Et07 U.45Et08 5.53Et09 2.77Et10 5.54EtlO 1 . l l E t l l  1 .66Et l l  2.77Et11 5 . 5 4 E t l l  2.77Et12 
0.00Et00 2.41Et04 5.763405 4.03Et06 1.73Et07 2.10Et08 1.05Et09 2.10Et09 4.203409 6.31Et09 1.05Et10 2.10Et10 1 .05Et l l  
0.00Et00 4.91Et05 1.12Et07 5.90Et07 l.lOE+08 l . lSEtC8 1.15E+08 1.15Et08 1.15Et08 1.15Et08 1.15Et08 1.15Et08 1.15Et08 
0.00Et00 7.16Et04 5.86Et05 4.23EtO6 2.42EtO7 4.80EtC8 2.52Et09 5.08Et09 1.02EtlO 1.53Et10 2.55Et10 5.10Et10 2.55Et11 

O.OOEtO0 5.17Et05 8.77Et06 1.27Et07 1.27Et07 1.27Et07 1.27Et07 1.27Et07 1.27Et07 1.27Et07 1.27Et07 1.27Et07 1.27Et07 
0.00Et00 1.62Et05 4.01Et06 3.29Et07 2.04Et08 4.54EtO9 2.42Et10 4.88Et10 9.79Et10 1 .47Et l l  2.USEtll  4 .91Et l l  2.46Et12 
0.00Et00 8.37Et05 1.73Et07 5.563+07 6.193+07 6.19EtO7 6.20Et07 6.20Et07 6.22Et07 6.23Et07 6.25Et07 6.293+07 6.38Et07 
0.00Et00 3.10Et05 6.UBE406 2.22Et07 2.54EtO7 2.54Et07 2.543+07 2.54Et07 2.54Et07 2.5UEt07 2.5UEt07 2.54Et07 2.54Et07 
0.00Et00 9.59EtOU 9.63EtO4 9.63EtO4 9.63E404 9.63EtO4 9.63Et04 9.63EtO4 9.63EtO4 9.63EtO4 9.63EtOU 9.64Et04 9.65EtO4 

0.00Et00 2.97EtO4 7.133*05 4.98B+06 2.12E+07 2.40Et08 1.38EtO9 3.733409 9.623+09 1.5UEt10 2.55Et10 4.37Et10 7.25Et10 
0.00Et00 2.61E404 6.26Et05 U.38E+06 1.883*07 2.28EtC8 l.l2E+09 2.20Et09 4.23EtO9 6.11Et09 9.45E+09 1.58E+10 2.85Et10 
0.00Et00 9.90Et03 2.38Et05 1.66Et06 7.13Et06 8.67Et07 4.382+08 8.673408 1.73Et09 2.603t09 4.33Et09 8.663t09 4.31E410 
0.00Et00 2.2UEtOU 5.38Et05 3.76Et06 1.61E+07 1.96EtC8 9.81Et08 1.96Et09 3.92Et09 5.88E+09 9.793409 1.95Et10 9.56Et10 
0.00Et00 1.lOE-02 6.31Et00 3.093402 5.673+03 8.28Et05 1.94Et07 7.21Et07 2.50Et08 U.92Et08 1.08Et09 2.681+09 1.22Et10 

0.00Et00 2.223404 5.33Et05 3.73Et06 1.603+07 1.94EtO8 9.72EtO8 1.94EtO9 3.89Et09 5.83Et09 9.72Et09 1.94Et10 9.72EtlO 
0.00Et00 1.16Et04 6.13Et06 9.21E+07 4.37E408 5.468*09 2.73Et10 5.973+10 1 .09Et l l  1 .64Et l l  2.74Et11 5.472411 2.743+12 

0.00Et00 8.23Et04 1.263*06 1.95Et06 2.00Et06 2.31Et06 2.42Et06 2.443+06 2.48Et06 2.51Et06 2.57Et06 2.68Et06 2.90Bt06 
0.00Et00 9.54EtOU 3.25Et06 4.603+07 2.67Et08 3.53Et09 1.77Et10 3.553+10 7.10Et10 1 .06Et l l  1 . 7 7 E t l l  3 .5UEt l l  1.74Bt12 

0.00Et00 2.37EtOU 5.68EeO5 3.92E+06 1.6OEt07 1.06EtC8 1.39Et08 1.441408 1.551+08 1.6UEt08 1.81EtO8 2.1UEt08 2.78Et08 
0.00Et00 2.95Et05 7.083406 U.95Et07 2.12E408 2.551t09 1.22Et10 2.29Et10 4.08Et10 5.47Et10 7.42E410 9.578+10 1 .05Et l l  
0.00E+00 2.55E+04 6.123405 4.28Et06 1.83E+07 2.19Et08 1.02E409 1.85Et09 3.1 1Et09  3.973+09 4.95Et09 5.69Et09 6.02Et09 
0.00Et00 7.863405 1.89Et07 1.32Et08 5.60E+08 6.063409 1.92E410 2.4UEt10 2.623+10 2.64Et10 2.6UE+10 2.64E410 2.693410 

0.00Bt00 1.20Et05 2.883t06 2.02E+07 8.64EtO7 1.05E+09 5.2UEt09 1.04Et10 2.07Et10 3.08Et10 5.05Et10 9.72Et10 3.62Et11 

' w 

3 
10 

w 



ZS-NU 
WZS-NU 

L s -83 
6h-35 
1h-35 

9h-35 
6h-y5 
1h-v3 
Sf-Y13 

ctr-n 
zc -n 
Oh-X 
6E-Q 
LE -Y 

e E-13 

9f-13 
SE -s 
i€-d 
ZE -d 

8 z-1v 

8 z-f)Y 
hZ-YN 
Z Z-QN 

81-d 
51-0 

EL-N 
111-3 
11-3 
1-3a 

c-n 

aax13nN 



Ut0 1-HU 
90 1-08 
EO 1 -OB 

66-31 
U6 6-3.t 

6 6-OU 
Lb-EN 

UL6-8N 

US6-EN 46-81 

L 6-82 
56-8z 

E6 -A 

26 -A 
16-h 

Y 16-h 
06 -A 
88-A 

LE-h 
c6-85 
Z6-tis 
16-85 
06-85 

68-85 
YL 8 -8s 
58-85 
06-88 
68-'d8 

88-88 
98-88 
tr 8-88 
e e -8n 
Le-xn 

5e-8n 

-8n 
US8-811 

61-bx 
tl8-86 

E8-88 
Z8-dB 
08-8E 

U08-E8 
YL 1 -as 

SL-BS 
LL-SV 
91-5v 
11-a9 

3a1mn~ 



TABLE 3-6A (continued] 

DOSE (1REM) PROH EXPOSURE TO COUTAMINATED G R O U N D .  CONTINOCOS DBPOSITION OP 1 MICBOCURIE/CI(**2/AR 
RADIATION TYPE: ELECTRON 

NUCLIDE T = 0 1 HOUR 1 D A Y  1 .MEEK 1 MONTH 1 YR 5 PR 10  YR 20 YR 30 YR 50 Y R  100 Y E  500  Y R  
RH-105 O.OOE*OO 1.37E401 6.82E403 1.67Et05 9.43EtO5 1.233407 6.17E407 1.23Et08 2.47Et08 3.70EtOR 6.17EtO8 1.23EtO9 6.17Et09 
RH-106 0.00Et00 3.89Et01 9.45Et02 6.62Bt03 2.8UEt04 3.453405 1.73Et06 3.45Et06 6.90Et06 1.OUBt07 1.73Et07 3.453407 1.731408 

PD-103 0.00Et00 2.071-48 1.17E-45 5.333-04 7.48E-43 2.041-41 1.08E-40 2.18E-40 4.373-40 6.57E-40 l.lOE-39 2.193-39 1.103-38 
AG-1101 0.00E400 6.28EtOO 3.61Et03 1.76Et05 3.173406 3.53Et08 3.83Et09 8.60Et09 1.8lE410 2.77E410 4.68E410 9.45E410 4.76341 1 
AG-111 0.00E+00 2.95Et02 1.65B405 6.78Et06 7.283407 1.29E409 6.63Et09 1.33E410 2.66Et10 4.00E410 6.67EtlO 1 .33Et l l  6.67Et11 
C D - 1 1 1 1  0.00E400 0.00E400 0.00Et00 0.00Et00 0.00E400 0.00Et00 0.00Et00 0.00E400 0.00Et00 0.00Et00 0.003400 0.00E400 0.00E400 
CD-1131 0.00E400 7.883-04 1.893-02 1.32E-01 5.68E-01 6.91EtOO 3.45Et01 6.91E401 1.38Et02 2.07E402 3.453tO2 6.913402 3.45E403 

I N - 1  141  
I N -  1 14 
I N - 1  151 

SN-113 
SN-119H 
SN-123 
SN-125 
SB- 1 22 

SB- i24  
SB-125 
SB-127 
TE-123H 
TE-125H 

TE-1271 
TE-127 
TE-129H 
TE-129 
TE-131 H 

TE-131 
TE- 132 
1-123 
1-124 
1-125 

I- 126 
1-129 
1-130 
1-131 
1-132 

1-133 
1-134 
1-135 
1-136 
XE- 1 31 H 

XE-133 M 
XE- 1 33 
XE-1351 
XE-135 
XE- 1 37 

CD-11511 O.OOE*OO 3.00E401 1.723404 8.163405 1.34E407 6.68E408 3.91E409 7.973409 1.613410 2.42Et10 4.OUE410 8.10Et10 4 .05Et l l  
IN-1131 0.0OEt00 1.61E-01 1.90E401 1.46Et02 6.31Et02 7.701403 3.85E404 7.7OEtO4 1.54EtO5 2.31Et05 3.85EtO5 7.70E405 3.85E406 

I 0.00E400 1.07Et02 6.463404 3.093t06 5.12Et07 2.761409 1.65E410 3.36EtlO 6.79Et10 1 . 0 2 E t l l  1 . 7 1 E t l l  3 .42Et l l  1.71Et12 
0.00Et00 6.33Et00 1.563402 l . lOEt03 4.70E403 5.71EtOU 2.86E405 5.71Et05 1.14E406 1.71EtO6 2.86Et06 5.713406 2.863407 

I O.OOE*OO 1.921-02 9.643400 4.24Et01 1.87F.402 2.30Et03 1.15EtOU 2.303404 4.6OEt04 6.9OEtO4 1.15E405 2.30Et05 1.15E406 

O . O O E + O O  2.313-02 8.67Et01 4.97Et03 8.92E404 7.6UE406 5.83Et07 1.22Et08 2.51Et08 3.793t08 6.35E408 1.28Et09 6.41Et09 
O.OOE+OO 0.00’3400 0.00E400 0.00E400 0.00Et00 0.00E400 0.00EtOO O.OOE400 0.00E400 0.00E400 0.00Et00 O.OOE400 0.00E400 
O . O O E + O O  6.51Et02 3.703405 1.81E407 3.2OEt08 2.861410 2 .29Et l l  4.83Et11 9 . 9 3 E t l l  1.503412 2.523412 5.073412 2.54E413 
O - O O P + O O  1.18Et03 6.653405 2.84E407 3.35E408 6.651409 3.UUEtlO 6.90Et10 1 .38Et l l  2 .08E+l l  3.47E411 6.943411 3.47E412 
O.OOE*OO 7.393402 3.933405 1.25E407 8.75E407 1.21Et09 6.113*09 1.22Et10 2.453410 3.673410 6.12E410 1.22E411 6 .12Et l l  

0.00Et00 3.98Et02 2.28Et05 1.09E407 1.84E408 1 . l l E t 1 0  6.923410 1.U2Etll  2.87Et11 4 .32Et l l  7 .233t11  1.45Et12 7.26E412 
0.00Et00 4.823400 2.78Et03 1.363405 2.48Et06 3.41E408 6.323409 1.86Et10 U.69E410 7.60Et10 1.3UE411 2 . 8 0 E t l l  1.453412 
0.00E400 2.223402 1.31E405 5.13E406 4.25E407 6.60E408 3.453t09 6.93E409 1.39Bt10 2.09E410 3.48Et10 6.973410 3 .49Et l l  
O.OOE*OO 5.18E-16 2.98E-13 1.44E-11 2.53E-10 2.20E-08 1.702-07 3.583-07 7.341-07 1. l lE -06  1.86E-06 3.74E-06 1.88E-05 
0.00E400 7-593-33 U.36E-30 2.08E-28 3.501-27 2.07E-25 1.27E-24 2.61E-24 5.283-24 7.953-24 1.333-23 2.673-23 1.33E-22 

0.00E400 1.20E402 8.193404 4.73Et06 8.60Et07 7.23Et09 5.40E410 1 . 1 3 E t l l  2 .31Et l l  3 .50Et l l  5.86Et11 1 .182t12  5.91E412 
0.00E400 6.073401 2.15EtOU 2.593405 1.19E406 1.47E407 7.35Et07 1.47Et08 2.94E408 4.41E408 7.353408 1.47Et09 7.35E409 
O . O O Y 4 0 0  3.92E402 4.5733405 2.32Et07 3.71E408 1 .SUE410 8.633t10 1 . 7 5 E t l l  3.52Et11 5 .30Et l l  8 .8UEt l l  1.77Et12 8.86E412 
0.00E400 7.61E402 6.90EtOU 5.15E405 2.22Et06 2.71EtC7 1.36Et08 2.71E408 5.423408 8.13E408 1.36Et09 2.71E409 1.36E410 
0.00E+00 2.203402 1.551405 3.613406 2.02Et07 2.67E408 1.34E409 2.693409 5.37Et09 8.06E409 1.3UE410 2.693410 1.3UE411 

0.00E400 5.88E402 2.693404 1.93E405 8.UOEt05 1.03E407 5.16Et07 1.03E408 2.07E408 3.10E408 5.16Et08 1.03Et09 5.16Et09 
0.00Et00 5.68E401 2.503405 1.07E407 8.232+07 1.18EtC9 5.95E409 1.19E410 2.38R410 3.58E410 5.96Et10 1.19E+ll  5.96E411 
0.00E400 5.093-16 2.04E-13 2.922-12 1.37E-11 1.71E-10 8.583-10 1.72E-09 3.431-09 5.15E-09 fl.58E-09 1.72E-08 8.58E-08 
0.00E400 2.65E402 1.45EtC5 5.28Et06 4.43E407 6.62EtC8 3.35Et09 6.72Et09 1.34E410 2.02E410 3.363410 6.73Et10 3.36Et11 
0.00E+00 0.00Et00 0.00Et00 O.OOE+OO 0.00E400 O . O O E 4 C O  0.00Et00 O.OOE*OO 0.00E400 O.OOE+OO 0 .003*00  0.00E400 0.00E400 

O . O O E + O O  1.03E402 5.853404 2.58Et06 3.36E407 7.73E4C8 4.033409 8.11Et09 1.63Et10 2.44E410 4.072410 8 .156t10  4.07Et11 
O . O O E + O O  4.83E-16 2.78E-13 1.36E-11 2.50E-10 3.71P-C8 9.263-07 3.715-06 1.481-05 3.333-05 9.263-05 3.71E-04 9.26E-03 
0.00E400 1.84Et02 7.25E404 1.01Et06 4.72E406 5.87Et07 2.94Et08 5.88E408 l . lAEt09  1.77E409 2.9UEt09 5.89E409 2.94E410 

O.OOE*OO 5.483402 8.2UEIOU 6.56Et05 2.85Et06 3.498407 1.7UE408 3.49E408 6.97Et08 1.05Et09 1.741409 3.49E409 1.7UE410 

0.00Et00 4.7UEtO2 2.16EtC5 4.0OEtO6 2.00Et07 2.54EtC8 1.27Et09 2.54Et09 5.09B409 7.633409 1.27E410 2.54E410 1.27Et’I 1 
0.00E400 7.00E402 5.15E404 3.78Et05 1.63E406 1.99Et07 9.93E407 1.99Et08 3.973408 5.96Et08 9.93Et08 1.993409 9.93E409 
0.00E400 2.69Et02 1.06Et05 1.39Et06 6.UOE406 7.9UEt07 3.98Et08 7.95Et08 1.59E409 2.39E409 3.9REt09 7.952409 3.98E410 
0.00E400 1.19Et02 2.953403 2.06E404 8.85E404 1.08E406 5.38Et06 1.08E407 2.15Et07 3.23Et07 5.38E407 1.0dE408 5.38E408 
0.00E400 8.61E-14 4.673-11 2.14E-09 2.71E-Ce 5.97E-07 3.11E-06 6.2413-06 1.25E-05 1.88E-05 3.13E-05 6.273-05 3.14E-OU 

0.00E400 1.09E-04 1.33Et00 2.523402 4.23E403 7.72EtO4 3.95E405 7.93E405 1.59E406 2.38Et06 3.972tO6 7.95E406 3.98E407 
0.00Et00 5.87E-02 3.2UE401 1.25Et03 1.16Et04 1.85EtC5 9.393405 1.88Et06 3.779406 5.663406 9.43E406 1.892407 9.433407 
0.00E400 4.51EtOO 1.9UEt03 2.34Et04 1.07E405 1.33Et06 6.64E+06 1.33Et07 2.66Et07 3.98E407 6.6UEt07 1.33E408 6.6UE408 
0.00E400 1.98Z402 6.93Et04 e.303405 3.79Et06 4.69EtC7 2.35Et08 4.70E408 9.39’3408 1.41E409 2.352t09 4.70E409 2 .35Et l0  
0.00E400 3.12Et02 8.22E403 5.77EtOU 2.47Et05 3.01E406 1.51E407 3.02E407 6.05E407 9.093407 1.52EtOR 3.05Et08 1.54Et09 

0.00E400 2.70Et01 1.51Et04 6.31E405 6.97Et06 1.28E408 6.563408 1.323409 2.64EtO9 3.961t09 6.603409 1.32Et10 6.60Et10 

w 
+ 
P 
N 



TABLE 3-6A (continued) 

DOSE :HREH) PROH EXPOSURE TO COBTAHINATED GROUND. CONTINUOUS DEPOSITION OF 1 NICROCURIE/CN***2/HR 
R A D I A T I O N  TYPE: ELECTRON 

NUCLIDE T = 0 1 A O W R  1 E A Y  1 U E E X  1 HONTH 1 m  5 YR I O  ya 20 Y R  30 YR 50 Y R  100 rR 500 Y R  

E - 1 3 8  0.00E+00 6.75E+02 3.86E104 2.79E+05 1.20E+06 1.46E+07 7.31E+07 1.46E*08 2.92E*08 4.38E*08 7.31E*08 l e J6E+09  7-31E*09 
CS-134 O . n O E + O O  3.79E+01 2.182104 1.07E+06 1.95E+07 2.61P+O9 4.46E+10 1 .23E+l l  2.953+11 4.68E*ll  8 .14E+l l  l.Oa2+12 8.603+12 
CS-135 0.00E+00 l.lRE-07 6.772-05 3.323-03 6.1CE-02 9.02E+00 2.269+02 9.023+02 3.612+03 8.12E*03 2.26E+OU 9.02E+O4 2.26E+06 
CS-136 0.00E+00 6.62Y*OO 3.753+03 1.66E+05 2.153+06 4.95E+O7 2.583+08 5.203+08 l.OUE+09 1.56E+09 2.613+09 5.223*09 2.61E+10 
CS-137 0.00E+00 4.20E+01 2.48E+04 1.22E+06 2.232+07 3.28E+09 7.96E+l0 3.07E+ll  1.14E+12 2.40E+12 5.8UE+12 1.752*13 1.31E+14 

CS-138 O . O O P + O O  9.65E+02 5.11Et04 3.68E+05 1.58E*06 1.93E+07 9.64E+07 1.93E+08 3.852+08 5.78E+08 9.64E*08 1.933*09 9.64E+09 
CS-139 0.00E+00 6.83E+02 3.ORE+04 2.2UE+05 9.66E+05 1.18E*07 5.88E*07 1.18E*08 2.35E*08 3.53E+08 5.885+08 1.18E+09 5-88E+09 
EA-733 0,00E+00 9.76E-04 5.623-01 2.753+01 5.052+02 7.33E+OU 1.68Et06 6.07E+06 2.01E+07 3.83E+07 7.99E+07 1.31E*08 1.09E+09 
EA-137M 0.00E+00 1.19E+00 3.03Et01 2.13E+02 9.12E+02 l . l l E + O U  5.55E+OU 1.11E+05 2.223+05 3.33E+05 5.55E+05 l . l 13+06  5.55E+06 
BA-139 O . O O ? + O O  1.095+03 1.12E+G5 8.46E+05 3.663+06 4.47E+C7 2.23B+OR U.U7E+08 8.93E+08 1.34E+09 2.23?+09 4.47E+09 2.23E+l0 

BA-140 0.00E+00 1.97E+02 1.57E+05 1.41E+07 2.54E+08 6.40E+09 3.35E+l0 6.74E*10 1 .35E+l l  2 .03E+l l  3.38E*ll  6.77E+11 3.39E*12 
LA-140 O . O O Z * G O  6.75E+02 3.43E+05 8.93E+06 5.22E+07 6.87E+C8 3.45E*09 6.91E+09 1.382+10 2.07E*10 3.46E+10 6.91E*10 3.46E+11 
CE-141 O.OOE*OO 7.25Et00 4.153+03 1.95E+05 3.07E+06 1.24E+C8 6.94E+O8 1.41E*09 2.83Et09 4.258+09 7-10E+09 1.42E+10 7.12E*10 
CE-143 0.00E+00 3.793+02 1.90E+05 4.83!+06 3.18F+07 5.OUE+C8 2.573+09 5.162+09 1.039+10 1.55E+10 2.59E*10 5.17E*10 2-593+11 
CE-144 0.00E+00 7.313+02 8.41!?+05 4.22E+07 7.6UE+08 8.81E+10 1.01E+12 2.31E+12 4.92E+12 7.52E+12 1.27E+13 2.583*13 1.302*14 

PF-143 0.00E+00 2,26E+02 1.283+05 5.703+06 7.49E+07 1.77B+09 9.23E+09 1.86E+10 3.72E+10 5.59E*l0 9.32E+10 1.87E*ll 9.33E+ll  
PR-144 0.00E+00 7.R25+02 2.46EtC4 2.11E+05 9.04E+05 1.10E+07 5.50E+07 l.lOE+08 2,20E+08 3. 30F+08 5.503+08 l.lOE+09 5.50E+09 
ND-147 0.00E+00 1.05E+02 5.922+04 2.57E+06 3.18E+07 6.74E+08 3.49E+09 7.02E+09 1.41E+lO 2. l l E + 1 0  3.52E*10 7.04E*10 3.52E+11 
PW-147 0.00E+00 1.45E-06 8.353-04 4.08E-02 7.46E-01 1.02E+G2 1.87E+03 5.46E+03 1.37E+OU 2.21E*OU 3.893*04 B . l l E + O U  4.18E+05 
PH-148N 0.00E+00 6.52E+00 4.693+03 U.52E+05 1.44E+O7 9.83E+08 5.79E*09 1.18E+10 2.38E+10 3.583+10 5.98E+10 1.2OE+ll 6.00E+11 

PM-148 O . O O F + O O  9.00?+02 4.98E+O5 1.92E+07 1.8CE+C8 2.88E+C9 1.46?+10 2.93E+10 5.87E+10 8.81E+10 1 .47E+l l  2 .94E+l l  1.47E+12 
SN-151 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O . O O E + O O  O . O O E + O O  O.OoP+oo 0.00E+00 O . O O E + O O  0-00E+00 0.00E+00 0.002*00 
FU-154 0.00E+00 1.763+02 l.O1E+O5 4.96E+06 9.09E+07 1.31E+10 2.96E+ll  1.05E+12 3.361+12 6.223+12 1.263+13 2.90E+13 1.61E+14 
EU-155 0.00E+00 2.51E-01 1.442+02 7.073+03 1.29E+05 1.84E+07 3.86E+08 1.27E+09 3.66E+09 6.323+09 1.18E*10 2.56E+10 1.36E*11 
EU-156 0.00E+00 4.77E+02 2.71E+05 1.22E+07 1.65E+08 4.14E+O9 2.18E+lO 4.38E*10 8.78E+l0 1 .32E*l l  2.203*11 4.402*11 2.20E*12 

GD-162 O.OOF+OC 9.07E+01 2.82B+03 1.99E+OU 8.56E+OU l.O4E+O6 5.21E+06 l.O4E+07 2.08E+07 3.12E+07 5.212*07 1.04E+08 5.21E+08 
TB-160 0.00E+00 1.07E+02 6.13E+O4 2.95E+06 5.033+07 3.359+09 2.183+10 4.48E+10 9.09E+10 1 .37E+l l  2.293*11 4.60E*ll 2.302*12 
TA-182 0.00E+00 9.30E+00 5 . 3 5 E + 0 3  2.59E+05 4.55E+C6 3.87E+C8 2.95E+09 6.203+09 1.27E+10 1.92E+10 3.222*10 6.462*10 3.24E+ll  
U-185 0.00E+00 1.14E+00 6.56E+02 3.15E+04 5.41E+05 3.711+07 2.4UE+08 5.04E+08 lSO2E+09 1.54E+09 2.58E+09 5 . 1 8 ~ * 0 9  2.60E*10 
W-187 0.00E+00 1.09E+02 5.07E+04 1.01E+06 5.18E+06 6.59E+C7 3.312+08 6.62E+08 1.323+09 1.993+09 3.31E*09 6.62E*09 3.31E+10 

AU-195N O.OOF+OO 6.771-07 1.6UE-05 1.15E-04 U.93E-04 6.00E-03 3.00E-02 6.00E-02 1.20E-01 1.8OE-01 3.00E-01 6.002-01 3.00E*00 
AU-195 0.00E+00 7.93E-25 4.563-22 2.22E-20 3.961-19 4.OSE-17 3.AOE-16 8.258-16 1.721-15 2.613-15 4.393-15 8.84E-15 4.453-14 
An-198 0.00E+00 2.41E+02 1.28E+05 4.063+06 2.833+07 3.91 E*C8 1.97E*09 3.95E*09 7.89E+09 1.18E*10 1.97E*10 3.95E+10 1.97E*ll  
AU-199 0,00E+00 1.739-01 9.30E+01 3.11E*03 2.31E+04 3.26E+C5 1.65E+06 3.30E+06 6.613+06 9.913*06 1.65E*07 3.313*07 lm65E*08 
HG-197 0.00E+00 1.21E-13 6.40E-11 2.033-09 1.4OE-08 1.9UE-07 9.79E-07 1.96E-06 3.92E-06 5.88E-06 9.8OE-06 1.963-05 9.81E-05 

HG-203 
TL- 2 04 
TL-2 08 
TL-2 10 
PB-2 04 H 

PB-210 
PB-212 
PB-2 14  
61-210H 
61-2 12 

BI-2 14 

O . O O E + O O  4.73E-05 
O . O O E + O C  9.76E+01 
0.00E+00 1.09E+02 
O.OOE*OO 7.96E-08 
0.00E+00 0.00E+00 

O . O O E + O O  7.873-01 
0.00E*00 1.80E*02 
0,00E+00 3.063+02 
0.00E+00 4.1 OE+02 
0.00E*00 .7.S8E+02 

O . O O E + O O  4.491*02 

2.71E-02 
5.62E+04 
2.813*03 
1.163-03 
O . O O E + O O  

1.05E+OU 
3.23E +05 
2.67E+O4 
2.26E+05 
6 .  S3E+04 

1 .82E10U 

1.29E + 00 
2.753+06 

3.31E- 0 1 
0.00Et00 

1.97E +OU 

W 
I 
I-. 
P 
W 



TABLE 3-6A (continued) 

DOSE :MR EM) PROM EXPOSURE TO CONTAMINATED GROUND.  CONTINUCUS CEPOSITION OF 1 MICROCURIE/CN**2/HR 
R A D I A T I O N  TYPE: ELECTRON 

NUCLIDE 
PO-2 10 
PO-2 14 
PO-2 18 
RN-220 

RN-222 
FA-2 24 
PA-226 
RA-228 
AC-2 28 

T H-2 28 
TH-230 

TH-232 
TH-234 

PA-2 33 
PA-23UM 
PA-2 34 
U-232 
U-23 3 

0-234 
I F 2 3 5  
U-236 
U-237 
U-238 

U-240 
NP-237 
NP-238 
NP-239 
YP-24OR 

?TI -2 3 6 
PO-2 38 
PIJ-239 
P11-240 
PlJ-24 1 

PO -2 42 
PU-244 
AM-241 
AM-242 
AN-243 

CN1242 
CM-243 
CH-244 
CF-2 52  

' ~ ~ - 2 3 1  

T = n i HOUR 1 D A Y  1 W E E K  1 M O N T H  1 YR 5 YR 10  Y R  20  Y R  3 0  Y9 50 Y R  1 0 0  YR 5 0 0  Y R  
0.00F+00 O . O O E + O O  O . O O E + O O  O.OOE+OO 0.00E+00 0.00E+00 O.OOE+OO 0.00E+00 0.00E+00 0.00E+00 0.00E*00 0.00E*00 0.00E*00 
O . O O E + O O  1 .848-13  2.46E-09 6.963-07 3.1UE-05 6.99E-03 1.73E-01 6.62E-01 2.41E+00 4.95E*00 1 .16E+01  3.27E*01 2.21E*02 
0.00E+00 2 .97E+01  3.02E+03 2.21E+O4 9.51E+04 1.17E+06 5.99E+06 1.23E+07 2.59E+07 4 .03F+07  7 .09E+07  1.52E*08 8.26E+08 
O.OOE+OO 2.46E-01 4.69l?+02 6.60E+03 3.07E+04 3.82B+05 1.91E+06 3.83E+06 7.65E+06 1 .15E+07  1.91E*07 3.83E+07 1.91E+OR 

O.OOE*OO 1.16E+O2 4.45E+05 1.72E+07 1.40E+08 2.07E+09 1.08E+10 2.22E+l0 4.66E+10 7 .273+10  1 . 2 8 E + l l  2 . 7 5 E * l l  1 .49E+12 
O . O O F + O O  2.76E+OO 1.68E+O5 1.57E+07 1.43E+O8 2.13E+09 1.08E+10 2.16E+10 4 .322+10  6.49E+10 1 .08E+11  2 .16E* l l  1 .08E+12 
O.OOE+OO 1.923-01 2.60E+04 7.91E+06 3.26pl+08 6 .74E+lO 1.76E+12 7.18E+12 2.9RE+13 6 .892+13  2.00E+lU 8 .543+14  2 .263+16  
0.00E+00 3.83?+00 3.11E+OU 2.66E+06 5.5UE+07 1.54E+10 8 . 1 3 F + l l  3 .833+12 l.U2E+13 2 .703+13  5.42&*13 1 . 2 3 i + 1 4  6.76E*14 
0 .00E+00  1 .01F+02  2.91E+04 2.96E+05 1.4UE+06 3.99E+07 4.87F+08 1.27E+09 2.94E+09 4.628*09 7 .989*09  1.64E+10 8.36E*10 

O . O O F + O O  4.368-03 8.15E403 6.95E+06 3.39E+08 6.49E+10 l . l l E + 1 2  3.038+12 7.15E+12 1 .13E+13  1.969*13 4.04E*13 2.07E*14 
0.00F+00 4.149-OU 4.05E-02 1.74E+01 3.38E+03 9.56E+C6 1.269+09 1.02E+10 8 .44E+10  2 .922+11  1.UOF+12 1.20E+13 1 .63E+15  
O.OOT"*OO 2.57E-03 1.21E+OO 2.51E+01 1.30E+02 1 .66E+03  8.3UE+03 1.673+04 3 .342+04  5.01E+04 8.35E+04 1.67E+05 8 .35E+05  

0.00E+00 1 .14?+03  6.851+05 3.18E+07 4.78E+08 1 ,59E+10  8.6UE+10 1 . 7 4 E + l l  3 . 5 1 E + l l  5 . 2 7 & + 1 1  8 . 7 9 ? + 1 1  1.7bE+12 8 .806+12  

O . O O P + O O  1.03E+01 5 . 9 0 3 + 0 3  2.752+05 4.21E+06 1.51E+O8 @.28E+08 1.67E+09 3.37E+09 5.06E*09 8.44E+09 1.69E*10 8 .46E+10  
0 .00E+00  6.61E+01 1.63E+03 1.14E+04 U.9OP+O4 5.96E+05 2.988+06 5 .96€+06  1 .19E+07  1 .79E+07  2 . 9 8 0 + 0 7  5.96E+07 2.98E*08 
0.00E+00 7 .22f+01  2.18E104 2.28E+05 1.02E+06 1.26E+07 6.30E+07 1.269+08 2.52E+08 3.78E+OA 6 .305+08  1.2oE+09 6.30E*09 
0.00E*00 1.793-07 1.61E+OO 1.17E+04 2.90E+06 7.91E+C9 7.U6E+ll  U,35E+12 2.162+13 5.16E+13 1.45E*lU 5.33E*14 6 .162+15  
O . O O p + O O  1 .528-48  8.752-46 4.29E-U4 7.872-43 1.17E-40 2.91E-39 1.17E-38 4.661-38 1.05E-37 2.91F-37 1.16E-36 2.91E-35 

O . O O E + O O  9.423-04 1.48E-01 6.08E-01 3.53E+CC 6.98E+01 1.42E+04 2.29E+05 3 .752+06  1.94E+07 1 . 5 5 3 + 0 8  2.63E*09 1 . 8 2 2 + 1 2  
O . O O E + O O  2.34"-05 2.78E-01 4.80E+01 1.21E+03 1.97E+OS 4.96E+06 1.99E+07 7 . 9 5 E + 0 7  1.79E+O8 4.97E*08 1 .993+09  4.97E+10 
0.002+00 1.633-07 5.95E+OO 4.771+01 2.19E+02 2.57E+C3 1.288+04 2.589+04 5.01E+OI( 1 .04E+05 2 . 1 7 3 + 0 5  1.223*06 1.62E+OR 
O . O O E + O O  5.57E-05 3.11E-02 1.26E+00 1.30E+01 2.2AE+02 1.308+03 2.95E+03 7 .27E+03  1.30E+04 2.84E+04 9 .115+04  1.82E+06 
0.00F+00 3.6731+01 7 . 8 5 3 + 0 3  2.18E+06 1 .479+08  7 .65E+10  2.223+12 9.07E+12 3.66E+13 8 .26E+13  2.30E+14 9.22E+14 2.31F+16 

9 . 0 0 ~ + 0 0  4 .215+01  2.22E+03 2.18E+04 2.82E+05 5.45E+08 1.43E+11 1.4UE+12 1 .19E+13  3 .65E+13  1.34E*14 6.68E+14 1.99E+16 

O . O O E + O O  6 .50$+02  3 .733+05  5.62E+06 2.66E+07 3.33F+08 1.67E+O9 3.34F+09 6.67E+09 1.00E+10 1.67??+10 3.34E*10 1 . 6 7 E * l l  
0.00E+00 3.682-03 5 .36E+01  1.67E+OU 1.15E+O6 6.42E+C8 1.9OE+l0 7 .761+10  3 . 1 4 E + l l  7 . 0 8 E * l l  1 .973*12 7.912*12 1.98E*14 
O . O O E + O O  2.14E+02 1 .112+05  3.22E+06 2.04?+07 2.74E+CA 1.3RE+09 2.77E+09 5 .53E+09  8.30E+09 1 .38E+10  2.77E+10 1 . 3 8 F + l l  
0 .00E+00 7 .79E+00  4 .09E+03  1.233+05 8 .133+05  1.10E+07 5.56E+07 1.11E+O8 2.23E+08 3.34E108 5.57E+O8 l . l l E + 0 9  5.57E+09 
0 .00E+00  2 .77€+02  8.OUE*03 5.67E+04 2.433+05 2.96E+C6 1.48E+07 2.96?+07 5 . 9 2 2 + 0 7  9 .878+07  1 .482+08  2.96Z*08 1.48E+09 

0.00E*00 9 .675-09  7.459-06 4.15E-01 5.00E+02 1.82E+07 7.633+09 7 . 5 5 E + l 0  5.54E+11 1.5YE+12 4 . @ 9 2 + 1 2  1 . 9 6 1 + 1 3  2 . 4 l E + 1 4  
O.OOC+OO 5.322-07 5.63E-05 2.84E-04 1.09E-03 1.50E-02 1.35E-01 1.45E+00 4.15E+01 3.15E+02 4 .07E+03  1.30E+05 3.03E+08 
0 .00E+00  4.838-12 4.9UE-09 5.4UE-08 3.16E-07 6.96E-05 8.152-03 6.529-02 5 .21E-01  1.76E*00 8 .15E+00  6.52E+01 8.12E*03 
O.OOE+OO 4.632-05 1.59E-03 1.623-02 5.87E-02 7.05E-C1 3.693+00 7.83E+OO 1.34E+01 2.OSE*01 3.719*01 6.70E*01 9.74E+02 
0.00E+OC-3.01E-12 1.22E-08 1.44E-08 6.935-07 2.12E-02 l . R A E + O l  2 .99J+02  4.48E+03 2.10E+04 1 .UOS+O5 1.63E+06 2.72E*08 

0.00E*00 8.57E-03 3.05E-01 1.48E+00 9.81E+00 1.39E+O2 1.06E+03 6.05E+03 3.9RE+O4 1.31E*05 5 .995+05  4.77E*06 5 .968+08  
0 .00E+00  9 ,87E+00  1 .59E+05  2.07E+07 U.58E+08 7.15F110 1.79E+12 7.18E+12 2.87B+13 6.46E+13 1.8OE+14 7 . 1 8 E + l 4  1.80E+16 
0.00E+00-8.93E-l l  3.613-07 2.652-05 7.913-03 6.34E+C1 1.0013+04 8.25E+O4 6 .68E+05  2.26E+06 1.0UE+07 8.20E+07 8.85E+09 
O.OO?+OO 3.243-11 1.51E-CS 1.07E-08 4.193-08 5.58E-07 3.75E-06 2.66E-05 6.5RE-0U 5.07E-03 6.73E-02 2.LOE+00 5.27E+03 
O . ? n E + O O  3.193-02 4.12E+02 9.73E+04 3.24E+06 5.@9E+C8 1.49E+10 5 . 9 9 E + l 0  2 . 4 0 P + l l  5.39E+11 1 .502+12  5.98E+12 1.48E+14 

0.00E+00 4,683-09 3.52E-07 2.133-06 7.39E-06 1 .OlE-04 6.35E-04 6.07E-03 1.82E-01 l.U4E+00 1.94E+01 6.38E+02 1.53E*06 
O.OOF+OO 3.153-05 1.812-02 8.89E-01 1 .63E+01  2.40E+03 5.80E+04 2.23E+05 8.26E+05 1.723+06 4.17E+06 1 .231+07  8.99E+07 
0 .00E+00  8.14!?-08 4.41E-06 3.35E-05 1.62X-CU 2.02E-03 1.02E-02 2.06E-02 3.66E-02 5.72E-02 1 .OSE-01 2.03E-01 2.23E*00 
O . O O P * O O  0.00E*00 O.OO?+OO O.OOE+OO 0.009+00 O.OOE+OO O . O O E + O O  0.00B+00 O . O O E + O O  0.00E+00 O . O O E + O O  O . O O E + O O  0.00E*00 

W 
I + 
P 
P 



TABLE 3-6Ba 

DOSE :!IREPI) FRO4 EXPOSURE TO COATARI UATED G R O U N D .  CONTINUCUS CEPOSITION OF 1 RICROCORIE/CR**2/AR 
R A D I A T I O N  TYPE: FHOTON 

NUCLIDE 

H- 3 
BE-7 
c-11 
c-14 
N-13 

0-15 
P-18 
NA-22 
NA-24 
NG-28 

AL-2 8 
P- 32 
P-33 
s-35 
CL- 3 6 

CL-38 
A-37 
A-39 
K-40 
K-42 

K-43 
"-45 
CA-47 
CA-49 
SC-46 

sc-47  
s c - 4 9  
CR-51 
9N- 52M 
!IN-52 

MN-54 
PE- 5 2 
PE-55 
FE-59 
CO-56 

CO-57 
co- 5 8 
CO-6 0 
NI-56 
NI-63 

CU-64 
ZN-6 5 

ZN-6 9 
GA-67 

GA-6 8 

Z N - ~ ~ R  

T = 0 1 HOUR 1 D A Y  1 WEEK 1 R O N T H  1 IR 5 Y R  10 YR 20 YR 30 YR 50 Y R  1 0 0  YR 500 Y R  

0.00E400 0.00E400 0.00E400 O.OOE400 0.00E400 O . O O E 4 C O  0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 
0.00E400 4.43Et00 2.54Ei03 1.21E405 2.03E406 1.13Et08 6.87EtOR 1.40Et09 2.84Et09 4.273409 7.143409 1.43E410 7.17E410 
0 .00Et00  5.17Et01 2.129403 1.51E404 6.49E404 7.90Et05 3.95E406 7.90Et06 1.58E407 2.37E407 3.95E407 7.902407 3.95E408 
0.00E400 0.00Rt00 0.00Et00 0.00E400 0.00E400 O.OOE400 0.00E400 0.00E400 O . O O E + O O  0.00E400 0.00E400 0.00Et00 0.00E400 
O . O O Y t O 0  3.37Et01 1.05E103 7.391403 3 . l n 4 0 4  3.86EtC5 1.93E406 3.863406 7.72E406 1 .16Et07  1.93E407 3.86Et07 1.93E408 

0.00Et00 8,55E+00 2.15E402 1.51E403 6.47E403 7.871404 3.9UE405 7.87E405 1.57E 406 2.36E406 3.94E406 7.873406 3.94E407 
0 .00Et00  7.886401 1.00E404 7.78E404 3.37E405 U.12E406 2.068407 4. 12E407 8.24Et07 1.24Et08 2.06E408 4.12E408 2.06E409 
0.00E400 1.88E402 1.OAEtOS 5.312406 9.69E407 1.33Et10 2 .43Et l l  7 . 0 6 E t l l  1.763412 2.85E412 5.02E412 1.04Et13 5.39E413 
0.00E400 2.99E402 1.253405 1.92Et06 9.183406 1.15E408 5.75Et08 1.15Et09 2.30Et09 3.453409 5.76E409 1.15E410 5.763410 
0.00Et00 2.38Et02 1.14E405 2.13Et06 1.07E407 1 .353t08  6.78EtOR 1.36E409 2.71E409 4.073409 6.79E409 1.36E410 6.793410 

O . O O F t O 0  1.39Et01 3.52E402 2.47E403 1.06Et04 1.29Et05 6.44E405 1.29E406 2.57Et06 3.863406 6.44E406 1.293407 6.44E407 
0.00E400 0.00Et00 0.00E400 0.00Et00 0.00E400 0.00Et00 0.00E400 0.00E400 O.OOE400 0.00Et00 0.00E400 0.00Et00 0.00E400 
O . O O R 4 0 0  0.00E400 0.00E400 0.00Et00 O.OOE+OO 0.00E400 0.00F400 0.00Et00 0.00E400 0.00E400 0.00E400 0.00E400 0.00Et00 

O.OOEtO0 5.94E-03 3.423400 1.68E402 3.083403 4.56E405 1.10E407 4.56E407 1.823408 4.10Et08 1.14E409 4.55E409 1 . 1 4 E t l l  
0.00Et00 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 0.00B400 O . O O E + O O  O.OOE+OO O.OOEtO0 0.00Et00 0.00E400 

0.00Et00 8.01E401 4.65Et03 3.36E404 1.45Et05 1.76EtC6 8.82E406 1.76E407 3.53E407 5.29E407 8.82Et07 1.76F.408 8.82E408 
0.00E400 3.50E-01 2.00E402 9.43E403 1.50E405 6.373406 3.593407 7.298407 1 .U7E408 2.21 E408 3.68E408 7.38E408 3.693409 
0.00E400 0.00E400 0 .00E400  0.00E400 0.0OE400 0.00Et00 0.00E400 0.00E400 0.009*00 0.00E+00 0.00E400 0.00E400 0.00E400 
0.00E400 1.26E401 7.27E403 3.56Et05 6.54E406 9.68EtC8 2.423410 9.683410 3.873411 8 .71E4l l  2.42E412 9.68E412 2.423414 
0.00E400 2.16E401 8.47E403 1.18E405 5.50E405 6.853406 3.43E407 6.863407 1.373408 2.06E408 3.433408 6.87EtO8 3.431409 

O.OOF400 8.70E401 4.OOE404 7.67E405 3.87EtC6 4.91E407 2.463408 4.93E408 9.863408 1.483409 2.47EtO9 4.93E409 2.47E410 
O . O O E 4 O O  0.00Et00 0.00E+00 0.00E400 0.00E400 0.00L400 0.00E400 0.00E400 0.00E400 0.00Et00 0.00E400 0.00Et00 0.00E400 
O . O O F t O 0  8.77Et01 4.85E404 1.863406 1.69E407 2,621408 1.333409 2.66E409 5.333409 7.99E409 1.33E410 2.67E410 1.33Et11 
0 .00Et00  7.09E401 2.13E403 1.50E404 6.45EtOU 7.84E405 3.92E406 7.84E406 1.573407 2.3513407 3.92EtO7 7.84E407 3.92E408 
0.00Et00 1.723402 9.87E404 4.76Et06 8.21Et07 5.98E409 4.08E410 8.45E410 1 . 7 2 E t l l  2.59E411 4.34E411 8 . 7 1 E t l l  4.36E412 

O.OOE400 8.883400 4.803403 1.653405 1.27E406 1.82 E407 9.193407 1.84E408 3.68E408 5.52E408 9.21E408 1.84E409 9.213409 
0.00Et00 0.00E400 0.00E400 0.00E400 0.00E400 O . O O E t C 0  0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 
0.00Bt00 4.19Et00 2.39E403 1.12E405 1.72Et06 6.27E407 3.44Et08 6.97EtO8 1.40E409 2.11E409 3.51E409 7.OUEt09 3.52E410 
0 .00Et00  1.19Et02 4.99E403 3.593404 1.56Et05 1.91E406 9.55E406 1.91E407 3.82E407 5.73Et07 9.55E407 1.91E408 9.55Et08 
0.00E400 2.8AE+02 1.603405 6.24EtO6 5.973407 9.65EtC8 4.91E409 9.84Et09 1.97Et10 2.96EtlO 4.93E410 9.86E410 4.93E411 

0.00Et00 7.48Ec01 4.30E404 2.10E406 3.79E407 4.46Et09 5.37E410 1 . 2 4 E t l l  2.66E411 4 .0REt l l  6.912411 1.4OEt12 7.073412 
0.00Et00 1.493402 8.673404 1.02E406 4.68Et06 5.813+07 2.91E408 5.82E408 1.16E409 1.752409 2.918409 5.82E409 2.91Et10 
0.00Et00 1.97E400 1.13E+03 5.553404 1.01E406 1.39E408 2.57E409 7.54E409 1.90Et10 3.07Et10 5.43E410 1 . 1 3 E t l l  5.84E411 

0 .00Et00  2.92Et02 1.68E405 8.07Et06 1.39E408 9.75E409 6.52E410 1 . 3 5 E t l l  2.74E411 4 . 1 2 E t l l  6 . 9 0 E t l l  1.39E412 6.94E412 

0.00Et00 1.52E401 8.77Et03 4.28E405 7.70E406 8.77E408 9.87E409 2.24Et10 4.753410 7. 25E410 1.23Et1 1 2.483411 1.253412 
0.00E400 8.79E401 5.053404 2.U3E406 4.14E407 2.76P409 1.79E410 3.70E410 7.50E410 1 . 1 3 E t l l  1 . 8 9 E t l l  3.79E411 1.90E412 

0.00Et00 9.93E401 5.693404 2.703406 4.43E407 2.221409 1.30E410 2.64EtlO 5.33E410 8.01E410 1 . 3 4 E t l l  2.683411 1.34E412 

0 . 0 0 E t 0 0  2.07E402 1.19E405 5.83E406 1.07E408 1.52Bt10 3 .22E+l l  1.07Et12 3.123412 5.43E412 1.02E413 2.231413 1.19Et14 
0.00Et00 1.533402 8.57EtO4 3.52E406 3.98Et07 1.29E409 7.86E409 1.61E410 3.26E410 4.91E410 8.20E410 1 . 6 4 E t l l  8.233411 
0.00E400 0.00E400 0.00E400 O.OOE400 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 0.00Et00 0.00Et00 

0.00E400 1.R7E401 7.433403 1.05Et05 4.9iEtO5 6.13EtC6 3.07E407 6.14E407 1.23.8408 1.843408 3.073408 6.14EtO8 3.07E409 
0.00Et00 5.21E401 3.00E+04 1.46E406 2.62E407 2.91Et09 3.11E410 6.953410 1.47Et11 2.23B411 3.773411 7.62B411 3.84E412 
0.00E400 3.723401 1.522404 2.243405 1.06Et06 1.32E407 6.63E+07 1.33E408 2.651408 3.98Et08 6.63E408 1.33E409 6.633409 
0.00Et00 0.00Et00 0.00Et00 0.00E400 0.00E400 O . O O E 4 C O  0.00E+00 0.00E+00 0.00E400 0.00Et00 0.00E400 0.00E400 0.00E400 
0.00Et00 2.05E401 1.11E404 3.75Et05 2.833406 4.02E407 i.03E408 4.07E408 8.15E408 1.223409 2.04E409 U.OBE409 2.043410 

0.00E400 7.06E401 6.28E103 4.67E404 2.02E+05 2.462406 1,233407 2.463407 4.92E407 7.38B407 1.233408 2.46E+08 1.23E409 

aPoint receptor 1 meter above surface. 



TABLE 3-68 (continued) 

DOSE :NREM) FROM EXPOSrlRE TO CONTAflINBTED G R O U N D .  CONTINUOUS DEPOSITION OF 1 ~ICROCURIE/CIl**2/HR 
R A D I A T I O N  TYPE: FHOTON 

N U C L I D E  
G E - 7 7  
AS-76 
4 s - 7 7  
SE-75 

SE-77M 
9R- 8 on 
ap.- 8 o 
68-82 
ER-83 

BR-R U 
KR-79 
KR-83E1 
KF-85M 
Ka- $ 5  

KR-87 
K?-88 
I1B-84 
RE- 86 
RB-R8 

28-89 
96-90 
SR- 85 
SR-87M 
SF-89 

SR-90 
SR-9 1 
SR-9 2 
SR-93 
Y-87 

Y-88 
Y-90 
Y-9lfl 
Y-91 
Y-92 

Y-93 
ZR-95 
Z R - 9  7 
N E - 9 5 1  
NB-95 

NB- 9 7Il 
N B - 9 7  
NO-99 
Tc-99M 
TC-9 9 

RU-103 
Rl1-  1 06 

T = 0 1 H O U R  1 C A Y  1 WEEK 1 NONTH 1 PR 5 Y R  1 0  TR 20 Y R  30 Y R  50 Y R  1 0 0  Y R  500 Y R  
O . O O E + O O  R . Z R E + O l  3 .163+04  4.21E+05 1.96E+O6 2.U3E+07 1 .223+08  2.443*08 4 .88E+08  7 .32E+08  1.22E+09 2.4UE*09 1.22E+10 
0 .00E+00  3.77E+01 1.79E104 3.77E+05 1.97E+06 2.52E+07 1 .262+09  2.53E+08 5.OSE+OR 7.58E+09 1.26E+09 2.53E+09 1.26E+10 
0.00E+00 8.A5E-01 U.URE+O2 1.15E+04 6.6UE+OU 8.70E+C5 U.37E+06 8.75E+06 1 .753+07  2.63E+07 4.38E+07 8.763+07 U.3RE+O8 
0 .00E+00  5 . 4 9 3 + 0 1  3.15E+OU 1.53E+06 2.69E+07 2.33E+09 1.91?+10 3 . 8 6 2 + 1 0  7.80E+10 1.18E+11 ? . 9 8 E + l l  3 . 9 7 E + l 1  1 . 9 9 1 + 1 2  

O . O O f + O O  1 .379-01 3 . 32Et00  2.328+01 9,95E+Ol 1.21E+C3 6.05E+03 1.21E+OU 2.4273+04 3.63E+OU 6.05E*OU 1 .21E+05  6 .05E+05  
O . O O E + O O  1 .7SE+01  5 .09E+03  4.66E+OU 2.06E+05 2.52E+C6 1.26E+07 2.53E+07 5.OSE+07 7 .5~?E+07  1.26E+08 2 . 5 3 2 + 0 8  1 .26Et09  
0.00E+00 U.lRE*OO 1.59E+O2 1.13E+03 4.85E+03 5.90E+CU 2.95E+05 5.90E+05 l . l 8 E + 0 6  1.77E+06 2.95E+06 5.9OE+06 2.95E+07 
O.OOP+O0 2 .313+02  1 .153+05  2.82E+06 1.59E+07 2.07E+C8 1.OUE+O9 2.085+09 U.l6E+09 6.23E+09 l . O U E + l O  2 .08E+10 l . O U E + l l  
0.00E+00 1.39!?+01 2 .263+03  1.82E+OU 7.93E+04 9 . 6 9 E t 0 5  U.95E+06 9.70E+06 1.9U3+07 2.91E+07 U.85E+07 9.70E+07 4.85E+OB 

O . O O P + O O  9.515+01 5 . 0 2 E + 0 3  3.61E+04 1.5513+05 1.89E+06 9.46E+06 1 .893+07  3.78E+07 5.68E+07 9 .46E+07  1.89E108 9.46E+08 
O . O O E + O O  2 .86E+01  l.U2J+OU 3.46E+05 1.9UE+06 2.52E+C7 1.27E+OR 2 .549+08  5 .073+08  7.61E+O9 1 .27E+09  2 .543+09  1 .27E+10  
0 . 0 0 E + 0 0  3 .003+00  3.97E+C2 3.00E+03 1.30E+OU 1 .59Et05  7 .96Et05  1.59E+06 3.18E+06 U.77E+06 7 .96E+06  l .59E+07 7 .963+07  
0.00E+00 1 .31E+01  3 .15E+03  2.87E+OU 1.27E+O5 1 .56E+06  7.79E+06 1.56E+O7 3.12E+07 U.6RE+07 7.81E+07 1 .56E+08  7 .812+08  
O . O O p + O O  1.86E-01 1 .07?+02  5.23E+03 9.6OY+OU 1.30E+07 3.20E+09 1.16E+09 3 .87E+09  7.38E+09 1 .552*10  3.73E+10 2.1UE+ll  

0.00~3+00 5 .13E+01  4 .95E+03  3.71E+04 1.60E+05 1.96E+06 9 .783+06  1 .96P+07  3 .91E+07  5.87E+07 9 . 7 8 2 + 0 7  1.96E+08 9.78E+08 
0 . 0 0 E + 0 0  1 . 6 2 ? + 0 2  3.26EtCU 2,69E+05 1.18E+06 1.4UE+07 7.20E+07 1.UUE+08 2.88E+09 4 .32&+08  7.2O&+O8 1.41(E+09 7.20E+09 
0.00E+00 8.45,9+01 U . 9 3 9 + O U  2.27E+06 3.61E+07 1.51E+C9 R.48E+09 1.72E+10 3.46E+10 5.20E+10 8 .695*10  1 . 7 4 E + l l  8 . 7 1 E + l l  
0.90E+00 8.0UE+00 U.593tO3 2.093+05 2.97E+06 9.UUE+07 U.U9E+OA 9.0UE+08 1 .81E+09  2.73E+09 4.55E+09 9.10E+09 4.55E+10 
O . O O = + O O  2 .76?+01  1 . 0 6 2 + 0 3  7.52E+03 3.23E+OU 3.93E*CS 1.97E+06 3.93E+06 7.87R+06 1.19E+07 1.97E+07 3.93E+07 1.97E+08 

O.OOT+OO 9 .17E+01  3 .292+03  2.34E+04 1.00E+05 1 .22E+06  6.10E+06 1.22E+07 2.UUE+07 3.66E+07 6 .10?+07  1.22E+08 6.10E+08 
0.00E+00 2.18E+01 5.59E102 3.923+03 1.68E+OU 2.05EcC5 1.02E+06 2.05E+06 4.09E+06 6.1UE+06 1.02E+07 2.05.E+07 1.02E+08 
0.00E+00 5.58?+01 3.20,7+04 1.54E+06 2 .61F t07  1.65E+C9 l.O!iE+lO 2 .15E+10 U.35E+10 6.56E+10 1 .10E+11  2 .2OE+l l  1,1OE+12 
O.OOF+OO 2 .73E+01  4.78P103 3.93E+04 1.72E+O5 2 .10E+06  1.05E+07 2.10E*07 4 .208+07  6 .30E+07  l.C!SE+O8 2.10E+O8 1.05Ec09 
0.00??+00 0.00E+0@ 0.003+00 0.00E+00 0.@09+00 O . O O F + C O  0 .00E+00 O . O O E + O O  0.00E+00 0.00E+00 O.OOE+OO O . O O E + O O  O . O O P + O O  

0.00?+00 0.009+00 0.00Et00 0.00E+00 O . O O E + O O  0 .00E+00  0.00E+00 O . O O E + O O  0.00E+00 O . O O E + O O  0.003+00 0.00E+00 O . O O E + O O  
O . O O E + O O  6 .87E+01  3.12E+OU 3.87E+05 1.78E+06 2.20E+07 l . lOE+08 2.21E+O8 U.U2E+O9 6 .638+08  l . l O P + 0 9  2.21E+09 l . lOE+10  
O.00,?+00 9 .57Ec01  1.96Yt.04 1.58E+05 6 .932+05  8.URE+06 U.2UE+07 8.URE+07 1 . 7 0 3 + 0 8  2.5UE+08 U.2UE+08 8.UBE+08 4.2UE+09 
0.00E+00 3.89E+01 1 .15E+03  8 . 2 9 ~ + 0 3  3.57E+04 U.3UE+05 2.173+06 4.34E+06 8 .696+06  1.30E+07 2.17E+07 4 .342+07  2.17E+08 
O.OO?+OO 5 .573+01  4 .033+08  1.51E+06 1.16E+07 1.66E+OA 8.41E+O9 1 .683+09  3.371?+09 5 .062+09  R.U39+09 1 .692+10  8.UUE+10 

0 .00E100  2.23X+02 1 . 2 8 3 + 0 5  6.202+06 1 .09E+08  8.92E+09 6.61E+10 1 . 3 8 E + l l  2.83E+11 U.27E+l l  7 . 1 6 E + l l  1 .4uE+12 7 .21E+12  
O . O O P + O O  0 .00E+00  O . C O E + O O  0.00E+00 0.00E+00 0.00E+00 O.OOE+OO O . O O E + O O  O.dOE+OO O . O Q E + O o  0.00E+00 0.00€+00 O . O O E + O O  
0 .006+00  3 .675*01  2.59E+03 1.909+0U 8.17E+OU 9 .99E+05  5.00E+06 1.00E*07 2 .00E+07  3 .00E+07  5 . 0 0 3 + 0 7  1.30E+08 5 .00E+08  
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TABLE 3-6B (continued) 

DOSE (HREI) PROH EXPOSURE TO CONIAHINLTED G R O U N D .  CONTINUCUS CEPOSITION OF 1 IICROCURIE/C1**2/HR 
RADIATION TYPE: PHOTON 

NUCLIDE T = 0 1 HOUR 1 D A Y  1 PEER 1 HONTH 1 YR 5 Y R  1 0  YR 2 0  Y R  3 0  YR 50 Y R  1 0 0  Y R  500 Y R  
PO-210 0.00E400 0.003400 0.00E400 0.00E400 O.OOE+OO O . O O E + O O  0.00E400 0.00E400 0.00E400 0.00E400 0.00E400 0.00E+00 0.00E+00 
PO-214 0.00E400 1,293-09 3.15E-08 2.423-07 1.393-06 7.8SE-05 1.67E-03 6.25E-03 2.253-02 4.623-02 1 .O8E-01 3.OUE-01 2 - 0 5 E 4 0 0  
PO-218 0.00E400 5.09E+00 4.92E402 3.59E403 1.55E+04 1.89EtOS 9.44E405 1.89E+06 3.79E+06 5.71 E406 9.55E406 1 , 9 2 3 4 0 7  9.65P407 
RN-220 0.00E400 4.15E-02 5.31E+01 7.41E+02 3.45E+03 4.28E404 2.14E405 4.29E405 8.58E405 1.29E406 2.15E406 4.29E406 2.15E407 

RN-222 
RA-224 
RA-226 
RA-228 
AC-228 

TH-228 
TH-2 3 0  
TH-231 
TH-2 32 
TH-234 

O.OOE+OO 2.04E401 7 .263+04  2.803406 

O.OOE+OO 6.96E-01 4.63E + 0 3  1.31E406 
0.00E400 1.09E401 2.38E404 1.853406 

0 . 0 0 ~ + 0 0  1 .45Et00  1.97E+04 1.783+06 

0.00E+00 6 .103+01  1.763404 1.793405 

0.00E400 1.62EtOO 1 .90E+03  8.35E+05 
0.00E400 1.26E400 7 .23EtOi  3.54EtO4 
0.00E400 1.54E401 7 .28Et03  1.50E+05 
O.OOE+OO l . l l E 4 O l  l . l l E + 0 3  3.88E404 
0.00E400 2.063400 1.20E403 5.58E404 

2.283407 3 .35E+08  
1.6 1E407  2.4 1 P+O8,  
5.33E407 1.10E410 
3.67E407 6.18E409 
8 .113405  1.25E+07 

3.9 2E+ 0 7 7.4 4 E 409  
6.5 2E+ 05 9 -79 E 4  07 
7.80E 4 0 5 9.97 E 4 06 
7.56E405 3.33E408 
8 .3  BE 4 05 2.79 E 4 07 

1.70E+09 
1.22E 409  
2.918+11 
1.88E411 
9.573+07 

1.283411 
2 ,613409  
5.00E 407 
3.87E 41 0 
1.51E+OR 

3.4 1 E+09 
2.44E4 0 9  
1.13E412 
7.59E411 
2.2 5 E 4  08 

3.48E411 
1.13E410 
1.00E408 
3 . 1 4 E t l l  
3.06EtOR 

6 .85E+09  
4 .893409  
4.52E412 
2.58E412 
4.97E+08 

8.2 1x41  1 
5.16E410 
2. OOEtO8 
2.29E+ 1 2  
6.15E408 

1.03E410 
7.34 E409 
1.02E413 
4.77E412 
7.69EtOR 

1 . 3 0 b 1 2  
1 . 3 1 E t l l  
3.OOE408 
6.74E4 1 2  
9.24E408 

1.72E410 3.46E+10 
1.22E410 2.45E410 
2.83E413 1.13E414 
9.40E412 2.11E413 
1.31E409 2.68E409 

2.25E412 4.63E412 
4 .453+11  2 .603+12  
5.003408 1 -008 4 0 9  
2 .39E+13  1.17E414 
1.54E409 3.09E+09 

1.74E411 
1.22E411 
2.698415 
1.15E414 
1.36E410 

2.37E413 
2.21E414 
5.OOE40 9 
3.42841 5 
1 .SUE41 0 

PA-233 0.00E400 2.28E401 1.30E+O4 6.06E+05 9.28E406 3 .333408  1.823409 3.698409 7.42E409 l . l l E 4 1 0  1.86E410 3.73E410 1.86E+11 
PA-2341 0.00E+00 5.023-02 1.24Et00 8.673400 3.72E401 4.52EtC2 2.26E403 4.52E+03 9.04E403 1. 36E+04 2 .265404  4.52E404 2 .26E+05  
PA-234 0.00E400 2.51E402 7 .58E+04  7 .923405  3.55E+06 4.37E+07 i . l 9 E + 0 8  4.38E+08 8.76E408 1.31E+09 2.19E409 4 .383+09  2.19E410 
0 -232  0 .00E400  1.68E400 9.67E102 4.88E404 1.21E406 1 .04EtC9  8.88E410 5.11E411 2.53E412 6.03E412 1 .69E413  6 .213413  7.18E414 
1)-233 0 .00E400  1.00E+00 5 .793+02  2.84EtOU 5.21E405 7.71E407 1.933409 7 .71E+09  3.082410 6 . 9 4 E t l 0  1 .935411  7 . 7 1 E t l l  1 .93E+13  

U-234 0.00E400 1.48E400 8.55E+02 4.19E+04 7.69E405 1 .14EtC8  2.85E409 1.14E410 U.56E410 1.02E411 2 .85E+11  1.14E412 2.873413 
U-235 0 .00E100  2.07E401 1 . 3 5 E t 0 4  8.68Ec05 1.79E+07 2.76E409 6.92E410 2.772411 1.11E412 2.493412 6.92E412 2 .77E+13  6 .922414  
0-236 0.00E400 1.4OE400 7 .903+02  3.87E.04 7.10E405 1 .OSE408 2 ,633409  1.05E410 4.20E410 9.463410 2 .63E+l1  1.05E412 2 .633413  
0 -237  0.00E400 2.80E401 1.56E+O4 6.32E405 6 .523406  1 . 1 2 E t 0 8  5.72E408 l . l S E 4 0 9  2.30E409 3.45E409 5.75E+09 1.15E410 5 .753410  
0-238 0.00E400 5.63E400 8.64E+02 3.96EtOU 8.92E405 2.27E+C8 6 .233409  2.523410 1.02E411 2.29E411 6 .37E+11  2.55E412 6.38E413 

U-240 0.00E+00 2.62E+01 1.42E+C4 2.14E+05 1.01E406 1*.27E407 6.35E+07 1.27E+O8 2 .54P408  3.81E408 6.35Z408 1.273409 6.36E409 
NP-237 0.00E400 9.25E400 5 .44Et03  2.98B405 7.32E406 2.12EtC9 5.96E410 2 . 4 2 E t l l  9 .75E411 2.20E412 6 .123412  2.USE413 6.14E+14 
NP-238 0.00E400 4.79E401 2 .493+04  7.21E405 4 .573406  6.14E407 3.09R+OR 6 .193+08  1 .243409  1.86E409 3 .11E409  6 .253409  3.17E410 
NP-239 0.00E400 1.77E+01 9 .323+03  2.813405 1.85E406 2.52EtC7 1.278+08 2.543408 5.07EtO8 7.61E408 1.27E409 2.548409 1.27E+10 
NP-2401 0 . 0 0 E + 0 0  9.02E400 2.62E+02 1.853+03 7.913+03 9.63E404 4.82E405 9.63E405 1.93E406 2 .89Et06  4.R2E+06 Y.63E406 4 .82E+07  

PU-236 
PO-238 
PU-239 
PU-2,40 
PU-241 

0.00E400 
0.00E400 
0 .00E400  
0 .00E400  
0.00E400 

PU-242 0.00E400 
PO-244 O.OOE+OO 
AH-241 0 .00E400  

AM-243 0.00E400 
81-242 0 .  O O E + O O  

1.70E+00 
1.49E400 
5.653-01 
1.28E400 
4.17E-07 

9.76E402 4.78E+04 8.73E405 1.23E408 3.17E409 1 .56Et10  8 .19E+10  2 .073+11  

3.25E+02 1.593404 2.93E+05 4.34E+07 1.08E409 4 .34Et09  1.73E+10 3.90E410 
7.36E402 3.61E404 6.63E405 9 .81E407  2.453409 9.81E+09 3 .92E410  8.82E410 

8.58E+Oi 4.20E+04 7 .72Ef05  1.14EtCR 2.82E409 l . l l E 4 1 0  4 .343410  9.52E410 

5.763-03 1.98E400 1.55E402 2.77EtCS 3.30E407 2.50EtOR 1.79E409 5.46E409 

1.27E400 7 .303402  3 .58E+OU 6.57E405 9.72EtC7 2.43E409 9.72E409 3.39E410 8.75E410 
4.52E-01 6.06E+C3 7.91E405 1.75E407 2.72E409 6.83E+10 2.73E+11 1 . 0 9 E t 1 2  2.46E412 
6.853400 3.95E+03 1.93E405 3 .558406  5.25E408 1.31E410 5 .238410  2.ORE+ll  4 . 6 6 E 4 l l  
4.73E400 2.01E403 3.23E404 1.57E+05 2.17E406 1.18E407 2.39E+07 4 .85E407  7 .34E+07  
5.413400 4.01E403 3.72E405 1.01E+07 1 .75Et09  4.43E410 1 . 7 7 E t l l  7 . 0 9 E t l l  1 .60E412 

6 . 1 9 E t l l  2.39E412 
2 .528411  8 . 9 4 E t l l  
1 . O B E + l l  4 . 3 3 E t l l  
2 .450+11  9.78E411 
2.10E410 1.153411 

2.43E411 9.72E+11 
6.84E412 2.74E413 
1 .288412  4.99E412 
1.24E408 2 . 5 6 3 + 0 8  
U.43E412 1 . 7 7 2 + 1 3  

2 .86E+13  
1.09E413 
1.08E413 
2.4 1 E41 3 
3.283412 

2 .4 3 E41 3 
6.84E414 
1.02E114 
1.3 9E409 
4.37E414 

CI-242 0 . 0 0 E t 0 0  1.35E400 7.783+02 3.78EtO4 6.73E+CS 6 .60E407  5.948408 1.30E409 2 .809+09  4.79E409 7 .858+09  1.733410 1 . 2 2 E + l l  
CH-243 0.00E400 1.68E401 9.70E403 4.75E405 8.72E+06 1.28E409 3.103410 1 . 1 9 E t l l  4 .413411  9 . 2 2 E + l l  2 .232412 6 .39E+12  4 . 8 0 € + 1 3  
CH-244 0 .00E+00  1.46E400 8.38E+02 4.11E404 7.54E+05 1.10EtCB i .62E409  9.86E409 3.51F*10 7.OAE410 1.61E411 4.332411 2.80E412 
CP-252 0 .00E400  &.49E+01 2.5RE104 1.26E+06 2.31E407 3.16E409 5.823+10 1 . 7 0 E t l l  U.27E+ll  6.90E411 1 . 2 2 9 + 1 2  2 .54d412  1.31E413 



NUCL I DE 

143 

RE7 

C l l  

C14 

N 1 3  

015 

F I B  

N122 

N424 

M 6 2  R 

1 L 2 8  

P32 

P33 - 

535 

CL36 

CL38 

631 

A 3 9  

K 1 O  

K 42 

K 4 3  

c145 

Cb41 

Cd49 

S C 4 6  

TABLE 3-7 
PHOTON DEPTH DOSE RATE FACTORS TO VARIOUS ORGANS (mremlyr per  yCi/m1Ia 

SUBMERSION I N  CONTAMINATED WATER 

RLAODFR STOMACH SMALL UPPER LONER KIDNEYS L I V E R  LUNGS MARROW YELLOW REO 
INTESTINE LARGE L I R G E  MARROY MARROW 

I N T E S T I N E  IhTESTINE 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.5MF 0 4  0.753E 04 0.544E 06 0.586E 04 0.544E 04 0.6696 0 4  0.628E 0 4  0.712E 0 4  0.919E 0 4  0.965E 0 4  0.879E 04 

0.121E 06 0.156E 06 0.113E 06 0.121E 06 0.113E 0 6  0.139E 06 0.130E 0 6  0.147E 0 6  0.191E 0 6  0.200E 06 0.182E 06 

0.0 0.0 0.0 0.0 0.0 0 00 0.0 0.0 0.0 0.0 0.0 

00121E 06 Q156E 06 0.113E 0 6  O - l Z l E  06 0.113E 06 0.139E 0 6  0.130E 06 0.148E 0 6  0.191E 06 0.200E 06 0.102E 06 

0.122E 06 0.156E 06 0.113E 06 0.122E 06 0.113E 0 6  0.139E 06 0.130E 06 0.148E 06 0.191E 0 6  0.200E 06 0.182E 06 

0.118E 06 0.151F 0 6  0.109E Ob 0.118E 06 0.109E 0 6  0.134E 06  0-126E 0 6  0.143E 06 0.185E 0 6  0.194E 06 0.177E 06 

0.313E 06 0.345E 06 0.271E 06 0.333E 06 0.291E 06 0.280E 0 6  0.302E 06 0.342E 0 6  0.396E 06 0.415F 06 0.378E 06 

0.520E 06 0.612E 0 6  0.517E 06 0.754E 06 0.560E 0 6  0.494E 06 0.576E 06 0.631E 06 0.662E 0 6  0.701E 06 0.623E 06 

0.198F 06 O.ZW)E 06 01166E 06 0.212E 06 Oo175E 06 0.166E 0 6  0.182E 06 0.206E 0 6  0.231E 0 6  0.242E 06 0.218E 06 

0.284€ 06 0.284E 0 6  0.235E 06 0.311E 06 0.263E 0 6  0.214E 0 6  0.256E 06 0.291E 0 6  0.311E 06 0.325E 06 0.297E 06 

0.0 0.0 0.0 0.0 0.0 0 00 0.0 0.0 0.0 0.0 0.0 

0.0 0 . 0  0.0 0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.671F-09 &94bE-02 0.734E-05 0.128E-04 0.153E-02 0.545E-05 0.398E-04 0.377E-02 0.734E-02 0.903E-02 0.567E-02 

0.190E 06 0.222E 06 C.188E 06 0.27ZE 06 0.203E 0 6  0.179E 0 6  0.209E 06 0.229E 0 6  0.240E 06 0.255E 06 0.226E 06 

0.396E-07 0.558E 00 0.433E-03 0.756E-03 0.903E-01 0.322E-03 0,235E-02 0.223E 00 0.433E 00 0.533E 00 0.334E 00 

0.0 0.0 0.0 0.0 0.0 0.0 0 -0 0.0 0.0 0.0 0.0 

01249F 05  O.249E 05 0-207E 05 0.273E 05 0.231E 05 O-188E 05 0.225E 05 0-255E 05  0.273F 0 5  0.286E 05 0 - 2 6 l E  05 

0.438E 0 5  0.438E 05 0.364E 05 O.482E 05 0.406E 05 0.332E 0 5  0.396E 05 0.449E 05 0.482E 0 5  0.504E 05 O.460E 05 

0.117E 06 d 1 5 0 E  C 6  0.109E 06 0.117E 06 O.IC8E 0 6  0.134E 0 6  0.125E 06 0.142E 0 6  0.183E 06 0.193E 06 0.175E 06 

0 .o 0.0 e. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.166F 06 0.167E 06 0.139E 06 0.182E 06 0.153E 06 0.130E 0 6  0.151E 0 6  0.171E 06 0.185E 0 6  0.194E 06 O.177E 06 

0.946E 0 6  0.350E 0 6  0.698E 0 5  0-590E 06 0.453E 06 0.430E 0 6  0.499E 06 0.499E 0 6  0.499E 06 0.544E 06 0.454E 06 

00263E 06 0.244E 0 6  0.225E 06 0.263F 06 0.188F 0 6  0.272E 0 6  0.244E 0 6  0.272E 06 0.319E 0 6  0.338E 06 0.291E 06 

aContr ibut ions o f  r a d i o a c t i v e  daughter products are n o t  included. 



TABLE 3-7 (continued) 

PHflrCN DOSE RATE TO VARIOUS ORGANS (WATER IMHERSIONJ-CONTINU'O 

NIICLI nF 

SC47 

sr.49 

t R 5 1  

HN57H 

MN 57 

MN54 

FF 52 

FF55 

FF59 

tns6 

c n 5 7  

C n 5 A  

m h o  

N156 

N163 

Cll64 

XNh5 

ZN69H 

?N69 

G6h7 

GAfi8 

t E 7 7  

b t 7 6  

6677 

SF75 

SF77H 

81 AOOFR STnHACH SHPLL UP Pk R LOWER KIDNEYS LIVER LUNGS MARROM YELLOW RED 
INTESTINE LAKGE LARGE M A R R O W  HARROW 

INTESTINF IhTESTINE 

0 . l l l F  0 5  0.113F 05 0.122E 05 0.125E 05 0.9556 0 4  0.125E 05 0.132F 05 0.153E 05 0.261E 05 0.2776 05 0.242F 05 

0.0 0.0 0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 

0.316F 0 4  0.371F 04 0.345F 04 0.355E 0 4  0.271E 04 0.355E 0 4  0.375E 0 4  O.434E 0 4  0.740E 0 4  0.788E 04 0.687E 0 4  

0.351F 0 6  0.384E 06 0.302F 06 0.374E 06 0.325E 0 6  0.310F 0 6  0.336E C 6  0.381E 06 0.439F 0 6  0.460E 06 0.420E 06 

0.478F 0 6  0.501F 0 6  0.411E 06 0.502E 0 6  0.418F 06 0.437E 0 6  0.453E 06 0.512E 06 0.591F 0 6  0.6206 0 6  0.558E 06 

0.109F 0 6  0. lOlE 0 6  0.936E 05 O.1OYE 06 0.780E 05 0.113E 0 6  0.101E 06 0.113E 0 6  0.133E 06 0.140E 0 6  O.121E 0 6  

0.847F 0 5  0 . 1 0 4 E  06 0.8CBF 02 0.662F 05 0.772E 0 5  0.960E 0 5  0.921E 05 0.105E 0 6  O.144E 0 6  0.152E 06 0.137F 06 

0.773E-G6 L 3 1 4 F  01;0.244€-02 0.426E-02 0.509E 00 0.181E-02 0.132E-01 0.125E 01 O.244E 01 0.300E 01 O.188E 01 

0.177F 0 6  0.166E 06 C.145F Ob O.181E 0 6  0.142E 0 6  0.153E 0 6  0.158F 06 0.178E 06 0.199E 0 6  O.2lOE C6 0.186E 06 

0,568F 06 0.503F 06 0.458E 06 O.56PE 06 0.456E 06 0.4626 0 6  0.496E 06 0.545E 06 0.557E 0 6  0.632E O b 0.558E 06 

0,1346 0 5  0.176E 05 0.126E 05 0.123F 05 0.102E 05 O.142E 0 5  0.145E 05 0.163E 0 5  0.347F 05 0.374E 05 0.321E 05 

0.176F 0 6  0.123E 06..C.l09E 06 O . l Z b E  06 0.940E 0 5  0.132E 0 6  0.119E 06-0.134P06 0.159E 0 6  0.168E 0 6  0.146E 06 

0.366F 0 6  0.355E 0 6  0.307E Ob 0.386E 06 0.3066 06 0.319E 06 0.334F 0 6  0.376E 06 0.419E 0 6  0.441E 06 0.392E 06 

0.225E 06 0.221F 0 6  C.199E 06 0.232E 06 0.177E 06 0.227E 0 6  0.218E 06 0.2456 06 0.306E 0 6  0.323E 06 0.283E 06 
-?--- 

0.0 0.0. 0. c 0.0 0.0 0 .o 0 .o 0.0 0.0 0.0 0.0 

0.7386 0 5  0.302E 05 0;219F 05 0.23YE 05 O.221E 05 0.266F 05 0.252E 05 0.286F 05 0.367E 0 5  0.385E 05 0.351E 05 

0.755E 0 5  0.708E 05 0.t49E 05 0,755E 05 0.543E 0 5  0.784E 05 0.704E 05 0.785E 05 0.923E 05 0.843E 05 05 0.977E 

0.455F 05 0.637F 05 0.460E 05 0.495E 05 0.460E 05 0.566E 0 5  0.53LE 05 0.602E 05 0.778E 05 0.817E 05 0.743E 05 

0.0 0.0 0.0 0.0 0.0 0.0 0 .o 0 .o 0.0 0.0 0.0 

0.191F 0 5  0.701E 05 C.1956 05 0.201E 05 0.162F 05 0.213E 0 5  O.217E 05 0.249E 05 0.426E 0 5  0.454E 05 0.396E 05 

0.113F 0 6  0.1436 06 0.105F Ob 0.113E 06 0.104E 06 0.129E 06 0.121E 0 6  0.136E 0 6  0.175E 06 0.184E 06 0.167E 0 6  

0.115F 06  0.179E 06 0.109E 06 0.122F 06 0.101E 0 6  0.125E 0 6  0.122E 06 0.138E 0 6  O.188E 0 6  0.198E 06 0.176E 06 

0.557F 05 C.668E 05 0,505E 05 0.58BF 05 0.521E 05 O.ST2E 0 5  0.573E 05 0.648E 05 0.792E 05 0.831E 05 0.756E 05 

0.843F 0 3  0.926F 03 0.t74F 03 0.910E 0 3  0.740F 03 0.952E 0 3  0.9686 03 O.111E 0 4  0.178E 0 4  0.189E 04 0.166E 0 4  

0.697F 0 5  0.708E 05 C.651E 05 0.745E 05 0.611E 05 0.659E 0 5  0.717E 05 0.819E 0 5  O.121E 06 0.128E 06 0.113E 06 

0.819F 04 0.832F 0 4  0.896F 0 4  O.YZ2E 0 4  0.704F 04 0.922E 0 4  0.973E 04 0,113E 05 0.192E 0 5  0.204E 05 0-178E 05 



TABLE 3-7 (continued) 

PHOTON OOSE R A T E  TO V A R I O U S  ORGANS (WATER I H M E R S I O N I - C O N T I N U E D  

N U C L I O E  BLAOOFR STOMACH SMALL UP PE R LOWER K I D N E Y S  L I V E R  LUNGS HARROW YELLOW R E O  
I N T E S T I N E  LARGE LARGE HARROW HARROW 

I N T E S T I N E  I h T E S T I N E  

BR aon 

RR 80 

8182 

8R 83 

RR84 

KR79 

KR83M 

KR 85n 

KR85 

K R  87 

KR88 

RB84 

R R 8 6  

R B 8 8  

RB89 

R 8 9 0  

SUB5 

SR87U 

0.401E 0 3  0.503E 03 0.216E 03 0.301E 03 0.161E 03 0.689E 03 0.463E 03 0.632E 03 0.203E 04 0.233E 04 0.170E 04 

0.101F 0 5  0.129E 05 0.932E 04 0.101E 05 O.934E 04 0.114E 0 5  0.107F 05 0.122E 05 0.157E 05  0.165E 05 0.150E 05 

0.3586 06 0.377E 06 0.312E 06 0.368E 06 0.300E 06 0.354E 06 0.345E 06 0.389E 06 0.461E 06 0.485E 06 0.432E 06 

0.878E 03 O.115E 04 0.815E 03 0.877E 03 0.829E 03 0.100E 04  0.941E 03  0.108E 04 O.142E 04 0.150E 04 0.135E 04 

0.331E 06 0-238F 06 0.243E 06 0.313E 06 0.231E 06 0.241E 06 0.259E 06 0o276E 06 00295E 06 0.316E 06 O.272E 06 

O.Z?ZE 05 0.328E 05 0.258E 05 0.27dE 05 0.245E 05 0.305E 05 0.293E 05 0.333E 05 0.453E 05 0.477E 05 0.429E 05 

0.913E 00 0-464E 01 00600E 00 0-682E 00 00117E 02 0.192E 01  0.145E 0 1  00672E 01 0.309E 0 2  0.368E 02 0.248E 02 

0-156F 0 5  0.158E 05 O - l l O E  05 O.17SE 05 0-134E 05 0-175E 0 5  0.185E C5 0-214E 05 0.365E 0 5  0.389E 05 0.339E 05 

0.245E 03 0.315E 03 0.227E 03 0.245E 03 0-227E 03 0 - 2 8 0 E  03 0.262E 03  00297E 03 00384E 03 0.403E 03 0.367E 03 

0.952E 0 5  O . l l L E  06 0.928E 05 0.126E 06 0.950E 05 0.978E 05 0.104E 06 0.114E 06 0.128E 06 0.135E 06 0.120E 06 

0.233F 06  0.283E 06 0.244E 06 0.35% 06 0.254E 06 0.242E 06 0.273E C6 0.297E 06 0.320E 06 0.34OE 06 O.2Y9E 06 

0.112E 06 0.114E 06 0.985E 05 0.113E 06 0.865E 05 0.119E 06 0.1OBE 06 0.121E 06 0.146E 06 0.154E C6 0.135E 06 

0.1246 05 O.115E 05 O.lO6E 05 0.124E 05 0.886E 04 0.128E 0 5  0.115E 05 0.128E 05 0.151E 05 0.159E 05 0.137E 05 

0.834E 05  0.939E 05 0.830E 05 O.12OE 06 0.843E 05 0.840E 0 5  0.924E 05 0.997E 05 0.106E 06 0.113E 06 0.980E 05 

0.328E 06 0.334E 06 0.292E 06 0.38CE 06 0.293E 06 0.301E 06 0.320E 06 0.354E 06 0.389E 06 0.4llE 06 0.363E 06 

0.653E 06 0.296E 06 0,377E 06 0.450E 06 00340E 06 0.3496 06 0.384E 06 0.394E 06 0.408E 06 0.442E 06 0.3726 06 

0.608E 0 5  0.781E 05 0.565E 05 0.608E 05  0.56SE 05 0.694E 05  0.651E 05 0.738E 05 0.955E 05 O.1OOE 06 0.913E 05 

0.392E 0 5  0.504E 05 0.364E 05 0.392E 05 0.364E 05 0.448E OS 0.420E 05 0.476E 05 0.616E 0 5  0.646E 05 0.588E 05 

SA89 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

S R 9 0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

SR91 0.96ZE 05  0.104E 06 O.€47E 05 0-977E 05 00799E 05 0.992E 05  0.942E 05 0.106E 06 0.128E 06 0.1355 06 O.12OE 06 

S R 9 2  00199E 06 O-ZOOE 06 0.166E 06 0.219E 06 0.185E 06 0.152E 06 O.181E 06 0.205E 06 0.221E 06 0.231E 06 0.211E 06 

SR93 * 0.193E 06 O . t l O E  06 0.172E 06 0.197E 06 0.163E 06 0.199E 06 0.191E 06 0.216E 06 0.266E 0 6  0.280E 06 0.250E 06 

V 8 7  0.553F 0 5  0.711E C5 0o514E 05 0.553E 05 0.514E 05 0.632E 05 0.5936 05 0.672E 05 0.869E 05 0.912E 0 5  0.830E 05 

I A 8  0.3116 06 Q365E 06 0.319E 06 0.454E 06 0.318E 06 0.334E 06  0.356E 06 0.387E 06 0.416E 06 0.443E 06 0.385E 06 

Y 90 0 .o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

w 
w 
ul 
N 



TABLE 3-7 (continued) 

PHOTON D O S E  RATE T O  VARIOUS ORGANS ( WATER IMHER S IClN 1 -CON1 I NUED 

NIJCL I D F  RI  AnOFR STnYACH SHALL UPPFR LCHER KIDNEYS L IVFR LUNGS MARROW VELLDU RFO 
I N7E STi  NE LARGF LPRGE HARROW MARROW 

INTCSTINE INTESTINF 

Y 9 1 M  

Y91 

v97 

Y 9 3  

LR95 

Z R 9 7  

NR95M 

NR95 

NR97M 

NUS7 

no99 

TC99H 

T t 9 9  

R11103 

R l l l  O f t  

RH103H 

RH105 

RHlOb  

~ 0 1 0 3  

AG 1 1 0 M  

AG111 

C r i l l l M  

CDI 13H 

c n i i s ~  

I N 1  13H 

0 . 6 7 1 ~  05 0 . 7 9 9 ~  05 0 . 5 7 7 ~  05 0 . 6 2 1 ~  05 

0.386F 0 3  0.3R6F 0 3  C.320E 03 0.423E 0 3  

0.337F 05 0.335F 05 0.291F 05 0.354F 05 

n . A h i E  0 4  0 . 9 6 3 ~  0 4  0 . 8 7 4 ~  04 0 . 1 1 3 ~  05 

0.913F 0 5  0.981F 0 5  C.EC9F 05 O.Yl3E 05 

0.74OF 0 5  0.257E 05  0.212F 05 0.256E 05 

0.5676 04 0.576F 04 0.621E 0 4  0.639E 0 4  

0.10OF 0 6  0.928E 0 5  0.P57E 05 0.100E 06 

0.869E 05 O. l l2F 0 6  0.807F 05 O.tl6YE 05 

0.795F 0 5  0.101F 06 C.737E 05 0.795E 05 

0.197F 0 5  0.226F 0 5  0.177F 0 5  0.194E 05 

0.138F 0 5  0.130E 0 5  0.130F 02 0.127t  05  

0 .o 0.0 c.0 0.0 

0.574F 

0.0 

0.769F 

0. 7 1 6 ~  

0.7246 

0.157F 

0.365E 

0.304F 

0.413E 

0.339F 

0 . 4 6 0 ~  

0.300E 

05 0.738F 0 5  0.533E 05 0.574E 05 

0.0 c. c 0.0 

01 0.87lF 0 1  0.1UOF 01 0.311E 01 

0 4  0.788E 0 4  0.849E 0 4  O . 8 7 3 E  0 4  

05  0.2UlE 05  0.207E 05 O.224E 05 

0 3  0.202F 0’3 0.141F 03 O . 1 5 o E  0 3  

06 0.3RSE C6 C.318E 06 0.372E 0 6  

0 4  0.308E 0 4  O.?32F 04 0.342E 0 4  

0 5  0.406E 05 0.426F 05 O.430E 05 

0 2  0.345E 0 2  C.369E 02 0.381F 0 2  

0 4  0.447E 0 4  0.391.E 04 0.479F 04 

0 5  0.386F G5 0.2796 05 0.300E 05 

0.577F 

0.357E 

0.274E 

O.823E 

0.733E 

0.209E 

0.488E 

0.714F: 

0.807F 

0.735E 

0.167E 

0.105E 

0 .o 
6 

0.5336 

0 .o 

0.700F: 

0.667E 

0.205E 

0.133E 

0.306E 

O.26lE 

0.338F 

0.291E 

0.373F 

0.2796 

0 5  0.710E 05 0.666F 

0 3  0.292E 0 3  0.348E 

05 0.324F 0 5  0.318E 

0 4  0.918E 0 4  0.967E 

05 0.985E 0 5  0.901E 

05 0.233E 0 5  0.235E 

0 4  0.639E 04 0.674E 

0 5  0.104E 0 6  0.928E 

05 0.993F 05 0.931E 

05 0.904F 0 5  0.848F 

0 5  0.214E 05 0.200E 

05 0.146E 0 5  0.149E 

0 .o 0.0 

05 0.656E 05 0.615E 

0.0 0.0 

0 1  0.18SE 0 2  0.658E 

04 0.874E 0 4  0.922E 

05 0.252E 0 5  0.237E 

0 3  0.196E 03 0.185E 

0 6  0.360E 06 0.352E 

. .  

0 4  0.3426 0 4  0.361E 

05 O.454E 0 5  0.472E 

0 2  0.386F 0 2  0.403F 

0 4  0.425E 0 4  0.425F 

05 0.343E 05 0.322E 

05 0.755F 0 5  0.975E 05 O.102E 06 0.932E 05 

03 0.395E 0 3  0.423E 0 3  0.442E 03 0.404E 03 

05 0.356E 05 O.41OE 0 5  O.432E 05 0.381E 05 

0 4  0.107E 05 0.135E 0 5  0.143E 05 0.125E 05 

C5 0.101E 0 6  0.124E 0 6  0.131E G6 O.116E 06 

05 0.265E 05 0.313E 05 0.329E 05 0.295E 05 

0 4  0.780E 04 0.133E 0 5  0.142E C5 0.123E 0 5  

05 0.104E 06 O.12lE 0 6  0.129E 06 0 . l l l F  0 6  

05 0.106E 0 6  0.136E 06  0.143E 06 0.130E 0 6  

05 0.961E 0 5  0.124E 0 6  0.130E C6 0.118E 06 

0 5  0.227E 05 0.295E 05 0.311E 05  0.278E 05 

05 0.168F 0 5  0.360E 0 5  0.388E 05 0.332E 05 

0 .o 0.0 0.0 0.0 

05 0.6976 05 0.902E 05 0.947E 05 0.862E 05 

0.0 0.0 0.0 0.0 

0 1  0.103F 0 2  0.662F 02 0.785E 0 2  0.540E 02 

0 4  0.107E 05 0.182E 0 5  0.154E 05  O.169E 05 

C5 0.269E 0 5  0.346E 05 0.364F 0 5  0.330E 05 

03 0.221E 0 3  0.558F C 3  0.600E 03 O.478E 0 3  

0 6  0.396E 06 0.470t 0 6  0.4S4E C6 0.441E 0 6  

0 4  0.418E 0 4  0.714E 0 4  0.7hOE 0 4  0.662E 0 4  

05 0.542E 0 5  O.lC1E 0 6  0.108E 0 6  0.936E 05 

C2 O.468E 0 2  O.@14E 0 2  0.868E C2 O.752E 02 

04 0.478E 0 4  0.544E 0 4  0.572E 0 4  0.506E 0 4  

05 0.365F 05 0.471F 05 0.4SSE 05 0.451E G5 

W 
I 
w 
ul 
W 

I N 1 1 4 H  0.836F 0 4  0.996E 0 4  0.824E 04 0.873E 0 4  0.756E 0 4  0.960E 0 4  0.933E 0 4  0.107E 05 0.159E 05 0.168E 0 5  O.149E 05 



TABLE 3-7 (continued) 

PHOTON OOSE RATE TC VARIOUS ORGANS (WATER IMMERSION)-CONTINUE0 

NUCLIOE 

I N 1 1 4  

I N 1  1 5 M  

SN113 

SN119M 

SN123 

SNl25 

SB 122 

SR 1 2 4  

28125 

S B l Z 7  

TE123M 

TElZSM 

TE 12714 

TE127 

81AOOER STOMACH SMALL UPPER LOUER KIDNEYS LIVER LUNGS MARROW YELLOW REO 
INTESTINE LARGE LARGE MARROW HARROW 

INTESTINE INTESTINE 

0.360E 03 0.374E 03 0.302E 03 0.389E 

0.132E 05  0.135E 05 0.144E 05 0.149E 

0.514E 03 0.607E 0 3  0.550E 03 0.583E 

0-139E 03 0.186E 03 0.750E 02 O.107E 

0.0 6 0  0.0 0.0 

0.398E 05 0.396E 0 5  0.357E 05 O.440E 

0.493E 0 5  0.627E 05 0.457E 05 O.493E 

0.255E 06 b 2 8 4 E  06 C.224E 06 0.279E 

0.5~17~ 0 5  0.647~ 0 5  0 . 4 7 1 ~  05 0.507~ 

0.801E 05  Q 9 6 0 E  05 0.736E 05 O.8ObE 

0.136E 05 0.139E 05 C.147E 05 O.152E 

0.968E 03 0.116E 04 0.527E 03 0.727E 

0.242E 03 0.290E 03 O.131E 03 0.181E 

0.476E 03 0.606E 0 3  0.446E 03 O.479E 

03 0.333E 0 3  0.295E 03 0.334E 03 0.380E 0 3  

05 0.114E 05 O.1SOE 0 5  0.157E 05 0.182E 05 

03 0.517E 0 3  0.811E 0 3  0.662E 03 0.8056 03 

03 0.722E 0 2  0.287E 03 0.172E 03 0.237E 03 

0.0 0.0 0 .o 0.0 

05 0.317E 05 0.412E 0 5  00390E 05 O-433E 05 

05 0.454E 05 0.562E 05  0.526E 05 0.596E 0 5  

06 0.239E 0 6  0.234E 0 6  0.250E 06 0.283E 06 

0.435E 

0.314E 

0.209E 

0.876E 

0.0 

0.500E 

0.768E 

0.327E 

0 3  0.457E 

0 5  0.334E 

0 4  0.234E 

0 3  0.101E 

0.0 

0 5  0.530E 

0 5  0.806E 

0 6  0.343E 

03 0.413E 

05 0.290E 

. 0 4  0.183E 

04 0.729E 

0.0 

05 O.459E 

05 0.733E 

06 0.312E 

05 0.466E 05 0.582E 0 5  0.545E 05 0.620E 05 0.829E 0 5  0.874E C5 0.788E 

05 0.706E 05 0.894E 0 5  0.837E 05 0.947E 05 0.122E 0 6  O.128E 0 6  0.115E 

05 0.115E 05 0.155E 05 0.161E 05 O.188E 05 0.329E 0 5  0-352E 05 0.304E 

03 0.370E 03 0.164E 0 4  O . l l l E  04 0.149E 0 4  0.475E 0 4  0.545E 04 0.399E 

03 0.918E 02 0.412E 03 0.278E 03 0.373E 03 0.1196 0 4  O.137E 04 O.1OOE 

0 3  0.440E 03 0.544E 03 0.513E 03 0.583E 03 0.770E 03 0.810E 03 0.734E 

03 

05 

0 4  

03 

05 

05 

06 

05 

06 

05 

0 4  

0 4  

03 

TE129M 0.378E 04 O.477E 04 0.341E 04 0.373E 04 0.335E 0 4  0.441E 0 4  0.404E 0 4  0.463E 0 4  0.658E 0 4  0.702E 04 0.616E 0 4  

TEL29 0.754E 04 0.903E 04 0.690E 0 4  0.756E 0 4  0.6586 04 0.850E 0 4  0.791E 0 4  0.898E 0 4  0.120E 05 0.127E 05 0.113E 05 

TF131M O.18OE 06 O.177E 06 0.16OE ob 0.191E 06 0.142E 06 0.182E 06 0.174E C 6  0.195E 06 0.236E 06 0.250E 0 6  0.218E 06 

TE131 0.504E 05 0.529E 05 0.453E 05 0.497E 05 0-404E 05 0.5386 05 0.509E 05 0.574E 05 0.833E 05 0.886E 05 0.775E 05 

TE132 0.202E 0 5  0.206E 05 O.2ZOE 05 0.226E 05 0.173E 05 0.228E 0 5  0.240E 05 0o278E 05 00485E 05 0.517E 05 0.448E 05 

I 1 2 3  0.152F 0 5  0.159E 05 0.161E 05 0.167E 05 0.129F 05 0.176E 05 0.179E 05 O.208E 05 0.3666 0 5  0.390E 05 0.336E 05 

I 1 2 4  0.139E 06 0.166E 0 6  O.126E 06 0.150E 06 0.131E 06 0.141E 06 0.143E 06 0.162E 06 0.1%E 0 6  0.206E 06 0.187E 06 

I 1 2 5  O . l l O F  0 4  0.132E 0 4  0.580E 03 0.817E 03 0.403E 03 0.189E 0 4  0.126E 04 0.170E 0 4  0.548E 0 4  0.630E 04 0.460E 0 4  

1126 O.SO8E 05 0.647E 05 0.469E 05 0.508E 05 0.468E 0 5  0.577E 0 5  0.542E 05 0.614E 0 5  0.800E 05 0.842E 05  0.763E 05 

I129 0.657E 03 0.794E 03 0.348E 03 O.489E 03 0.242E 03 0.113E 0 4  0.757E 03 0.102E 0 4  0.329E 04 0.378E 04 0.276E 04 

I130 0.243E 06 0.304E 06 0.225E 06 0.243E 06 0.221E 0 6  0.276E 0 6  0.258E 06 0.292E 06 0.381E 0 6  0.401E 06 0.363E 06 

1131 O.446E 05  0.569E 05 0.417E 05 0.44&E 05 0.413E 05 0.510E 0 5  0.481E 0 5  0.545E 05 0.717E 05  0.754E 05  0.684E C5 



TABLE 3-7 (continued) 

PHOTGN OOSE R A T E  TO VARIOUS ORGANS t WATER IMMERS ION )-CONTINUE0 

NUCl IOF BLADDER STOMACH SMALL UPPER LOUFR KIDNEYS LIVER LUNGS MARROW YELLOW REO 
INTESTINE LARGE LARGE MARROW WARRDW 

INTFSTINF IhTESTINE 

\ 

11-32 0-786F Oh O.314E 06 0.255F 06 OaL93E 06 0.241E 0 6  0-301E 0 6  0.285E 0 6  0.320E 0 6  0.391E 0 6  0.412E 06 0.366E 06 

I 1 3 3  0.836E 0 5  0.998E 05 0.756E 05 0.8486 0 5  0.752E 0 5  0.896E 05 0.859E 05 0-972F 05 0.121E 06 0.127E 06 0.115E 06 

I 1 3 4  0.315E 06 0.30bE 06 0.271E 06 0.3196 06 0.240E 0 6  0.319E 0 6  0.296E 06 0.332E 06 0.390E 0 6  0.412E 06 0.3596 06 

1135 D-757F 06 0.753E 06 C.216F ob 0.L7CE 0 6  O.ZZ1E 06 0.218E 0 6  0.235E 06 0-265E 0 6  0-293E 06 0.308E 06 0.276E 06 

1136 0.403F 0 6  0.411F 06 0,355E 06 O.488E 06 0-380F  06 0.337E 0 6  0.390E 0 6  0.430E 06 0.460E 0 6  0.466E C6 0.434F 06 

XF 131M 0.752F 03 0.849F 0 3  0.573E 03 0.67dE 03 0.429E 03 0 - l l l E  0 4  0.877F 03 O . l l l E  0 4  0.294E 0 4  0.331E 04 0.253E 04 

XF133M 0.276F 0 4  0.789E 04 0.275E 04 0.293~5 04 0.214F 0 4  0.338E 0 4  0.326E 04 0.387E 0 4  0.768E 0 4  0.837E 04 0.692E 04 

XF133 0.16AF 0 4  0.357E 04 C.329E 04 0.332E 0 4  0.264E 0 4  0.417E 0 4  0.4OlE C4 0.463E 04 O.lO6E 05 O.115E 05 0.958E 04 

XF135M 0-507F 05 0.651F 05 0.470E OS 0.506E 05 0-470E 05 0.580E 05 0-543E 05  0-616E 05 0.799E 0 5  0.840E 05 0.763E 05 

XF135 0.246F 05 0.255E 05 0.266F OS 0.275E 05 0.213F 05 0.278E 0 5  0.290E 05 0.335E 05 0.563E 0 5  O.SS8E C5 0.523E 05 

XF137 0.772F 05 0.272F 05 0.205E 05 0.255E 05 0.207E 0 5  0.239E 0 5  0.233E C5 0.263E 0 5  0.327E 05 0.343E 05  0.311E 05 

XFlSA 0.9P4F 05 C - l l L E  0 6  0.557E 05 O.127E 0 6  0-988F 0 5  0.954E 05 0-106E 0 6  0.119E 06 0.141E 06 O.15OE 06 0.133F 0 6  

CS134 O-l%F 0 6  0-213E Oh C.174E 06 0-197E 06 0.16OE 0 6  O-ZlOE 0 6  0.194F 0 6  0.218F 06 0.267E 0 6  0.282E C6 O.250E 06 

r.5135 0.0 0.0 0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 

r.5136 0.276E 0 6  0.261E 06 0.241F 06 0.28jE 0 6  0.208E 06 0.278E 0 6  0.262E 06 0.294E 0 6  0.360E 0 6  0.381E 06 0.331E 0 6  

CS117 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

C t l 3 R  0.798F 06 0.319E 06 0.269E O b  0.361E 0 6  0.284E 0 6  0.265E 0 6  0.796E 06 0.330E 06 0.360E 0 6  0.379E 06 0.339E 06 

CS139 0.928F 0 5  0.327E 0 5  0.281E 05 0.383E 05 0.304E 05 0.265E 0 5  0.308E 05 0.341E 05 0.364E 0 5  0.384E 05 0.345E 05 

RA133 0.383F 0 5  0.463E 05 0.363E 05 0.386E 05 0.341E 05 0.440E 0 5  0.419E 05 0.480E 05 0.723E 0 5  0.768E 05 0.677E C5 

RA137M 0.667F 0 5  0.857E 0 5  C.620E 05 0.667E OS 0.619E C5 0.763E 05 0.715E 0 5  O.8l lE 05 0.105E 0 6  O . l i O E  06 0.100E 06 

RA139 0.567F 0 4  0.570E C 4  C.583F 04 0.628E 04 0.489E 04 0.594E 0 4  0.635E 04 0.734E 0 4  0.119E 05 0.126E 05 O.llOE 05 

RA140 0.222F 05 0.279E 05 0.21OE 05 0.225E 05 0.204E 0 5  0.254E 05 0.241E 05 0.274E 05 0.372E 05 0.392F 0 5  0.354E t.5 

LA140 0.377F 0 6  0.345E 0 6  0.289E 06 0.370E 06 0.305E 06 0.285E 06 0.316E 06 0.357E 0 6  0.401E 0 6  0.421E 06 0.380E 06 

CF141 0.A09F 0 4  0.764E 04 0.753E 04 0.741E 04 0.608E 04 0.869E 04 0.875E C4 0.993E 0 4  0.215E 0 5  0.232E 05 O.197E 0 5  

CF143 0.374F 05  0.347F 05 C.315E 05 0.340E 05 0.269E 05 0.362E 0 5  0.352E 05 0.403E 05 0.621E 05 0.661F: 05 0.573E 05 

CF144 0.184F 04 0.176E 04 C.169E 04 0.1686 0 4  0.137F 04 0.202E 0 4  0.200E 04 0.228E 0 4  0.504E 04 0.547E 04 0.46lE 0 4  



TABLE 3-7 (continued) 

PHOTON DOSE R A T E  T O  VARIOUS ORGANS (WATER IHHERSIONI-CONTINUED 

Nut L'lnE 

PR 143 

PR 144 

NO 147 

PM147 

PMl48M 

PM 148 

SM151 

FU 154 

EU155 

EU156 

GO162 

TRUO 

TA 1 8 2  

Y l 8 5  

U187 

bU l95M 

AU195 

AU 198 

AU 199 

HG197 

H6203 

f L 2 0 4  

TLZOB 

TL 2 10 

PB704M 

PB2 10 

BLAOOER STnNACH SMALL UPPER L cw Ea KIONEVS C IVER LUNGS HARROW YELLOW REO 
INTESTINE LARGE LIRGE H A R R O W  HARROW 

INTE STl  NE I k T E S T  INE 

0.0 0.0 0.0 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0-363E 0 4  0.450E 04 00361E 06 0.188E 04 0.380E 0 4  0.379E 0 4  0.408E 04 0.451E 0 4  0.508E 0 4  0.537E 04 O.+8OF. 04 

0-149E 0 5  Q 1 7 9 E  05 0.139E 05 0.147E 05 0.131E 05 0.170E 0 5  0.162E 05 0.185E 0 5  0.291E 05 0.310E 05 0.271E 05 

0.0 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.24OE 06 0.2905 06 O.22OE 06 0.241E 06 0.212E 06 0.269E 0 6  0.251E 06 O.284E 06 0.365E 0 6  0.384E 06 0.345E 06 

0.9@7F 0 5  0-946E 0 5  00774E OS 00961E 0 5  0.805E 0 5  0.802E 0 5  0.853E 05 0.965E 05 O . l l O E  0 6  0.115E 06 0.104E 06 

0-172F-01 0-931E-01 0.123E-01 0.222E-01 0.613E-01 O.148E 00 0.494E-01 0.892E-01 0.552E 00 0.656E C O  O.448E 00 

0-177F 0 6  Q 1 7 9 E  06 0-152E 06 O-184E 06 0-149E 0 6  0.164E 0 6  0-167E 06 O-189E 0 6  0.226E 06 0.238E 0 6  O.211E C6 

0.649E 0 4  0.640E 04 0.609E 04 0.605E 04 0-501E 0 4  0-710E 04 0-716E 04 0.817E 0 4  0-183E 0 5  0.197E 0 5  0.166E 0 5  

0-178F 06 0-192E 06 0.166E 06 0.21kIE 06 0.163E 0 6  0.178E 0 6  0.183E 06 0.203E 0 6  0.228E 06 0.241E 06 0.212E 06 

0.501F O S  0-645E 05 0-466E 05 0.501E 05 0-466E 0 5  00574E 05 0.538E 0 5  0.610E 0 5  0o790E 0 5  0.830E 05 0.755E 0 5  

0-142E 06 0.135E 0 6  0.124E 06 0.145E 06 0.108E 0 6  0.143E 0 6  0.135E 0 6  0.151E 0 6  0.185E 0 6  0.156E 06 0.170E 06 

Oe181E 0 6  O.176E 06 0.154E 06 O.19OE 06 0.149E 0 6  0.164E 0 6  00168E 06 0-190E 0 6  0.229E 06 0.242E 0 6  0.212E 06 

0. a 0.0 0.0 0.0 0.0 0.0 0.0 0 .0  0.0 0.0 eo 
0.197F 0 5  0.248E 0 5  0.183E 05 0.196E 0 5  0.180E 0 5  0.225E 0 5  0.212E 05  0.241E 05 0.339E 0 5  0.357E C5 0.320E 05 

0.190E 05 0.197E 05 0.206E 05 0.213E 0 5  0.164E 05 0.216E 0 5  0.227E 0 5  0.263E 0 5  0.468E 0 5  0.499E 05 0.431E 05 

0-620E 04 00777E 04 0.579E 04 0.625E 04 0.520E 04 0.793E 0 4  0.763E 04 0.914E 0 4  0.251E 0 5  0.271E C S  0.215E 05 

0.480E 0 5  0-617E 0 5  0.4466 05 0.480E 05 0.446E 0 5  0.549E 0 5  0.515E 05 0.584E 05 0.757E 0 5  0.795E 05 0.723E 05 

0.920F 04 Q952E 0 4  0.592E 04 0-102E 0 5  0.788E 04 0.105E 05 0.109E 0 5  0.127E 05 0.229E 0 5  0.245E 05 O.211E 05 

0.432E 0 4  0.578E 0 4  0.406E 04 0-449E 0 4  0.373E 04 0.579E 0 4  0.550E 04 0.669E 04 0.191E 0 5  0.2C6E C5 0.16lE 05 

0.233E 0 5  0-238E 0 5  0-254E 05 0-261E 05 0.200E 0 5  0-263E 0 5  0-277E 05 0.321E 0 5  0.559E 05 0.595E 0 5  0-516E 05 

O.693E 0 2  0.934E 02 0.646E 02 0.717E 0 2  O.598E 0 2  0.933E 02 O.884E 0 2  0.108E 03 0.311E 03  0.335E 03 0.262E 03 

0,377E 06 O.485E 06 0.403E 06 b 5 8 0 E  0 6  0-421E 06 0.415E 06 0-456E C6 0.495E 06 0.541E 06 0.576E 06 0.507E 06 

0 . 4 5 6 ~  00 0 . 6 1 3 ~  00 0 . 4 2 5 ~  00 0 . 4 7 2 ~  00 0 . 3 9 3 ~  00 0 . 6 1 3 ~  00 0 . 5 8 1 ~  00 0 . 7 0 7 ~  00 0 . 2 0 4 ~  01  0 . 2 2 0 ~  ai 0 . 1 7 2 ~  a i  

0-269E 06 0.264E 06 0.233E 06 0.269E 0 6  O.2OlE 0 6  0.283E 0 6  0.255E 06 0.286E 06 0.341E 0 6  0.360E 06 0.313E 06 

0,120E 03 0.165.E 03 0.112E 03 O.lZ4E 03 O.112E 03 0.161E 03  0.153E 03 0.190E 03 0.559E 03 0.605E 03 0.470E 03 



TABLE 3-7 (continued) 

PHOTON OOSE RATE TO V IR IOUS ORGANS (WATER IMMERSION)-CONTINUE0 

NUCL I n F  

PR217 

PB714  

I31210 

R I  712 

R I 2 1 4  

POZ 14 

PO218 

RN220 

RN227 

RA774  

R A726  

RA77R 

AC778 

TH77A 

in270 

in231 

TH237  

~ ~ 2 3 4  

PA233 

PA734M 

Pb73C 

u 7 3 7  

u 7 3 1  

u 7 3 4  

11735 

11296 

R L I D M R  STOMACH SHALL ' - -  UPPER L C Y  ER KIDNEYS L I V E R  LUNGS MARROW YELLOW REO 
MARROW MARROn INTESTIlvE LbRGE L PRGE 

INTESTINE IhTESTINE - 

0.138F 0 5  0.144F 0 5  O.148E 05 0.153E 05 0.118F 05 0.158F 0 5  0.165E 0 5  0.191E 05 0.353E 05 0.377E 05 0.323E 05 

0.7C2F 0 5  0.799F 0 5  0.247E 0 5  0.26LE 05 0.226E 05 0.287E 0 5  0.280E 05 0.321E 05 O.484E 05 0.512E 05 0.453E 05 

0.0 0.0 0. c 0.0 0.0 0.0 0.0 0.0 0.0 0.c 0.0 

0.144F 0 5  0.16lE 0 5  0.127E 05  0.150E 0 5  0.128F 05 0.142E 0 5  0.142E 0 5  0.16lE 05 0.194E 0 5  0.204E 05 0.184E 05 

0,707E 0 6  0.225F E6 C.186E 06 0.241E 06 0.193E 06 0.193E 06 0.207E 0 6  0.231E 06 0.261E 06  0.275E 06 0.246E 06 

0.146F 0 7  0.135F 0 2  0.125F 02 0.146E 0 2  0.104F 02 0.151E 0 2  0.135E 02 0.151E 0 2  0.177E 0 2  0.187f 02 0.161F 0 2  

0.170F 0 7  0.112F 0 2  0.103E,Q? O.12OE 02 0.860E 0 1  0.125E 0 2  O.112E 0 2  0.125E 0 2  0.146E 0 2  0.155E 02 0.133E 02 

- 

O.426E 0 2  0.547F 0 2  0.396E 02 0.4266 0 2  0.396E 02 0.486E 0 2  0.456E 0 2  0.517E 0 2  0.668E 0 2  0.701E 02 0.639E 0 2  

0.463F 0 2  0.596E 0 7  0.430F 02 0.463E 02 0.430E 0 2  0.529E 0 2  0.497E 0 2  0.563E 0 2  0.727E 0 2  0.764E 0 2  0.695E 0 2  

0.999F 03 O.lOlE 0 4  0.109E 0 4  O . 1 I Z E  0 4  0.054E 03 0.112E 0 4  0.118E 0 4  0.137E 0 4  0.235E 0 4  0.25OE 0 4  0.218E 04 

0.669F 03 0.675E 0 3  0.723F 03 0.741E 0 3  0.569F 0 3  0.749F 0 3  0.788E 03 0.911E 0 3  0.158E 0 4  0.165E C4 0.147E 04 

OIR57F 03 0.103E 04 (1.453F 03 O.638E 03 0.315E 0 3  0.148E 04 0.987F 0 3  0.133E 0 4  0.428E 0 4  0.452E 0 4  0.359E C4 

O.982F 0 5  0.967E 05 0.854E 05 0.1016 06 0.784E 0 5  0.960E 05  0.936E 05  0.105E 06 0.130E 06 0.138E 06 O.121E 06 

0.242E 0 3  0.235E 0 3  0.24OE 03 0.240E 03 0.199E 0 3  0.263E 0 3  0.271E 0 3  0.311E 0 3  0.626F 0 3  0.6746 0 3  0.577E 0 3  

0,2R8F 0 2  0.356E 0 7  0.28OE 02 0.298F 0 2  0.301E 0 2  0.360E 02 0.353F O i  0.443E 02  O.l l8E 0 3  0.129E 0 3  O.102E 0 3  
* 

0.145F 0 4  0.142F 0 4  0.134E 04 0.133E 04 0.115E 0 4  0.164E 04 0.159E 0 4  0.185E 0 4  0.426E 0 4  0.465E 04 0.386E 0 4  

0.754F 0 1  0.113F 02 0.708F 01 O.7BOE 01 0.122F 0 2  0.103E 0 2  0.982s 0 1  0.141E 02 0.468E 0 2  0.520E 0 2  0.389E 02 

0 .727~  0 3  0 . 7 0 0 ~  0 3  

0.200F 0 5  0.204E 0 5  

0.124F 0 4  0.116E 0 4  

0,362F 06 O.421E 0 6  

0.219F 0 2  0.755E 02 

0.745F 02 0.773F 07 

0.134F 0 2  0.166F 07 

0.148F 0 5  0.148F 0 5  

0.270F 0 1  0.523E 01 

0.683F 03 

O.21OE Ob 

0.1C7F 04 

C.368F Ob 

0.2C5E 02 

0.781F 02 

0.126E 02 

0. 157E 05  

C.254F 01 

0.673E 

0.215E 

0.124E 

O.51OE 

O . Z l O E  

0.8OOE 

0.130E 

0.160E 

0.28 2E 

0 3  0.560F 03 

05 0.169F 0 5  

0 4  0.892E 03 

06 0.366E 06 

0 2  0.255E 02  

02 0.670E 02 

02 0.180E 02 

05 0.124E 05 

01  0.907E 01 

0.783E 0 3  0.794F C 3  0.902F 

0.223E 0 5  0.232F 05 0.267E 

0.129E 0 4  0.116E 0 4  0.130E 

0.383E 06 0.410€ 06 0.449F 

0.266E 0 2  0.256F 02 0 - 3 2 9 E  

0.848E 02  0.875E 0 2  0.103E 

0.171F 0 2  0.16lE 02  0.216E 

0.165F 0 5  0.172F 05  0.199E 

0.479E 0 1  0.387E 0 1  0.732E 

0 3  0.198F 0 4  0.213E 

0 5  0.470F 05 0.501E 

0 4  O.159E 0 4  0.169E 

06 0.509E 0 6  0.542E 

0 2  0.927E 0 2  0.103E 

03 C.203E 0 3  0.219E 

0 2  0.649E 0 2  0.724E 

0 5  0.357€ 05 0.381E 

01 0.301E 0 2  0.347E 

0 4  0.18lE 0 4  

05  0.436E 05 

0 4  0.145E 0 4  

C 6  0.473E 06 

0 5  0.802E 02 

0 3  0.184E 03 

02 0.555E 02 

05 0.330F C5 

02 0.246E 0 2  



TABLE 3-7 (continued] 

, P H O l G N  DOSE RATE T O  VARIOUS ORGANS IWATER IMMERSION)-CONTINUEO 

YUCLlOE BLAOOER STOMACH SMALL UPPER LGWER KIDNEYS L iVER LUNGS MARROW YELLnu R E O  
INTESTINE LARGE LARGE MARROW MARROW 

I N T E S T I N E  INTEST I N €  

U237 

U238 

U240 

NP237 

NP238 

NP239 

NP240M 

PU236 

PU238 

PU2 3 9 

PU240 

PU241 

PU242 

PU244 

AM 24 1 

AM242 

' AM243 

CM242 

CM243 

434244 

C f  252 

0.132E 

0.543E 

0.455E 

0.859E 

0.732F 

0-  133E 

0.4L7E 

0-444E 

0.190E 

0 5  Q135E 05 0.133E 05 O.135E 05 0.109E 05 0.149E 05 0.152E 05 0.176E 05 0.359E 05  0.385E 

0 1  0.730E 01 0-511E 01 0-524E 01 0.103E 02 0.734E 0 1  0.663E 01 0.100E 02 0.337E 02 0-383E 

02 0.678E 02 0-426E 02 0.472E 02 0.668E 02 0.660E 0 2  00598E 02 0.834E 02 0.278E 03 0.309E 

0 4  0.830E 04 00847E 04 0.846E 04 0.679E 04 0.933E 0 4  0.958E 0 4  0.109E 05 0.218E 0 5  0.235E 

0 5  Oo679E 05 C.627E 05 0-73ZE 05 0.523E 05  0.758E 0 5  01679E 05  0.758E 0 5  0.888E 0 5  0.941E 

0 5  6 1 3 2 6  05  0.138E 05 01139E 05 O . l l O E  05 0-147E 0 5  0.153E 0 5  0.176E 0 5  0.329E 0 5  0.352E 

05 0.478E 05 0-314E 05 0-428E 05 0.370E 0 5  0 - 4 U E  0 5  0-421E 05 0-476E 05 0.590E 0 5  0.620E 

01 0.733E 0 1  0.417E 01 00439E 01 0.125E 02 0.742E 01  0.592E 01 O.104E 02 O.41OE 0 2  0.473E 

0 1  0.414E 01 0.181E 01 0.192E 01 0.936E 01 0.372< 01  0.28OE 01  0.636E 01 0.281E 02 0.329E 

05 0.326E 05 

02 0.285E 02 

03 0.231E 0 3  

05 O.ZO1E 05 

0 5  O.8lOE 05  

C 5  0.304E 05  

05 0.559E 0 5  

02 0.340E 02 

02 0.230E 02 

0-145E 0 1  0.256E 01 0-121E 01 0.139E 01 0.399F 0 1  0.258E 01 0.197E 01 0.359E 0 1  0.144E 02 0.166E 02 Oo118E 02 

0-209E 01 00407E 01 0.198E 01 0.210E 01 0.840E 0 1  0.3746 0 1  01294E 0 1  0.609E 01 0.257E 02 0.299E 02 O.211E 02 

0.0 0.0 0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 

0.12lF 0 1  0.320E 0 1  0.116E 01 0.128E 01 0-768E 01 00278E 0 1  O-197E 01  0.497E 01 0-232E 0 2  0.272E 02 0.188E 02 

0.0 0-0 0.0 0.0 0.0 0.0 0 00 0.0 0.0 0.0 0.0 

0.137E 04  0.184.E 04 0.127E 04 0-141E 04 0.119E 04 0.185E 0 4  0.175E 04 0-213E 04  0.620E 04  0.669E 04 0.522E 04 

0.135E 04  0.128E 04 00127E 04 00124E 04 O.105E 04  0.145E 0 4  0.146E 04 0.166E 04 0.362E 04  0 .3F lE  04 0.333E 04 

00309E 0 4  0-416E 04 0.288E 04 0.320E 04  O.267E 04 0.416E 04  0.394E 04 0.480E 04 0.139E 0 5  0.150E 05 0-117E 05  

0.131E 0 1  0.348E 01 00125E 01 0-136E 01 0.872E 01 0.302E 0 1  O.211E 01 0.551E 01 0.258E 02 0.304E 02 O.21OE 02 

0.128E 0 5  0.126E 05 0.132E 05 00133E 05 O o l O S E  05 0.141E 0 5  0.146E 05  0.168E 05 0-315E 0 5  0.337E 05 0.292E 05 

0-506E 0 3  0-592E 03 0.474E 03 0.498E 03 0-417E 03 O.619E 03  0.603E 03 0.714E 03 0.186E 04 O - Z O l E  04 0.162E 04 

0.730E 0 5  0.775E 05 O.CQ4E 05 0.773E 05 0.652E 0 5  0.675E 05 0.716E 05 0.806E 05 0.998E 0 5  0.105E 06 0.945E 0 5  

w 
c.' 
VI 
Q, 



NUCL 1 DF 
n1 

RF 7 

C l 1  

t14 

N13 

n i s  

F18 

NA 72 

NA74 

MG78 

A 1  7R 

P32 

P33 

t 35 

61 3 6  

CL 38 

A77 

A39 

K 4 O  

K 4 1  

K 43 

CA45 

CA47 

CA49 

S t 4 6  

tC47 

SC 49 

CR51 

MN52H 

WN52 

MN54 

TABLE 3-7 (continued) 

PHOTON OOSE HATE T O  VARIOUS flRGANS (WATER IWMFRSION)-tOYTINUEO 
HUSCLF OVARIES PANCREAS SKELETON SKIN SPLEEN TESTES THYMUS THYROID UTERUS TOTAL BM)Y 

0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 0.0 0.0 

0.753E 0 4  0.276E 04 0.460E 04 O.YI9E 0 4  0.919E 0 4  0-795E 0 4  0.837E 0 4  0-460E 0 4  0.793E 0 4  0.502E 0 4  0.753E 04 4 

0.156F 0 6  0.572E 05 0.S53E 05 0.191F 0 6  0.191F 0 6  0.165E 0 6  O.173E 0 6  0.953E 05  O.164F 0 6  0.104F 06 0.156E 0 6  

0.0 0.0 6. C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.156F 0 6  O.572E 05 0.953E 05 0.191E 06 0.191E 06 0.165E 0 6  0.173E 06 0.953E 05 0.164E 0 6  0.104E 06 0.156E 06 

0.156F 0 6  0.572F 05 0.S54F 05 O. lY1E 06 0.191E 06 0.165E 0 6  0.174E 0 6  0.954E 05 0.165E 0 6  0.104E 0 6  0.156E 06 

0.151F 0 6  0.554F 05 0.923F 05 0.185E 06 0.185F 06 0.160E 0 6  0.168F 06 0.923E 0 5  0.159E 0 6  O . l O 1 E  06 0.151E 06 

0.360F 0 6  0.255F 06 0.275F 06 0.40LE 06 0.411E 0 6  0.397E 0 6  0.321E 06 0.290E 06 0.367F 0 6  0.243E 06 0.360E 06 

0.656F 06 0.669E 0 6  0.646E O b  0-682E 06 0.771E O h  0-531E 0 6  0.390E 0 6  0.662E 0 6  0.629E 0 6  0.496E 06 0.656E 06 

0.218f 0 6  0.179E 06 C.187E 06 0.235E 0 6  0.251E 0 6  0.239E 0 6  0.178E 06 0.186E 06 0.209E 0 6  0.148E C6 0.218E 06 

0.304F 06 0.284E 0 6  0.263F 06 0.319E 06 0.332F 0 6  0.346E 0 6  0.228E 0 6  0.284E 06 0.304E 0 6  0.207E 06 0.304E 0 6  

0.0 0.0 0.0 0.0 0 .0  0.0 0.0 0.0 0 .0  0 . 0  0.0 

0.0 0. n 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 

0.1 55F-01 0.199E-02 0.2736-02 0.692E-02 0-860E 00 0-946E-02 0-335F-01 O.567E-06 0.191E-02 0.377E-06 0.462E-01 

0,238F 0 6  0.742E 0 6  0.233F 0 6  O.248E 06 0.279E 0 6  0.1Y6E 0 6  O.143E 06 0.240E 0 6  O.228E 0 6  0.17YE 06 0.238E 06 

0.913F 00 O.118E 00 0.161F 00 0.408E 00 0.507E 02 0.5586 00 0.198E 01 0.334E-04 0.113E 00 0.223F-04 0.272E 01 

0.0 0. 0 0.0 0.0 0 .o 0.0 0.0 0 -0 0 . 0  0.0 0.0 

0.267E 05 0.249E 05 0.231E 05 0.280E 05 0.292E 0 5  0.304E 05 0.200E 05 0.249E 05 0.267E 0 5  O.182E 05 0.267E 05 

0.471F 05 0.4396 05 0.4C7E 05 0.494E 05 0.515E 05 0.533E 0 5  0.353E 05 0.439E 0 5  0.470F 05 0.321E 05 0.471E 05 

0.150F 06 0.560E 05 0.929E 05 0.183E 06 0.184E 06 0.158E 0 6  O.167E 06 0.922E 05 0.157E 0 6  0.100E 06 0.150E 06 

0.0 0.0 c.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 

0.180E 0 6  0.162E 06 0.155F 06 0 - I Y O E  0 6  0-199E 0 6  0.203F 0 6  0-138E 06 0-164E 0 6  0.178E 0 6  0.123E 06 0.180E 0 6  

0.544F 0 6  0.54CE 0 6  0.947E 06 0.544E 06 0.590F 0 6  0.498E 0 6  0.32SE 0 6  0.906E 0 6  0.947E 0 6  0.417E 06 0.544E 06 

0.291F 0 6  0.178E 06 0.291E Ob 0.319E 06 0.376E 06 0.291E 0 6  0.263E 0 6  0.197E 0 6  0.216E 0 6  0.207F 06 0.291E 0 6  

O . I C 8 E  0 5  O.938E 04 0.102E 05 0.261F 05 O.2C9E 05 0.141E 0 5  0.225E 05 0.141E 05 0.165E 05 0.104E 05 0.172E 05 

0.0 0.0 0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 

0.449F 0 4  0.267E 04 0.290E 04 O.74OE 0 4  0.612E 04 0.400E 0 4  0.640E 0 4  0.400E 0 4  0.468E 0 4  O.2S6E 04 Gs490E 0 4  

0.401E 06 0.290E 06 0.309E Ob O.446E 06 0.457E 06 0.444F 0 6  0.354E C6 0.326E 06 0.409E 0 6  0.271E 06 0.401E 06 

0-540F 06 0-381E 06 0-449F 06 0.591)E 0 6  0.635E 06 0.585E 0 6  0-477E 06 0.425E 0 6  0.514E 0 6  0.370E 06 0-540E 06 

0.121F 06 0.741F 05 0.121F 06 0.133F 0 6  0.156E O h  0.121E 0 6  0.109E 06 0.819E 0 5  0.897E 0 5  0.858E 05 O.121E 0 6  



TABLE 3-7 (continued) 

PHOTON DOSE R A T E  T G  V A R I O U S  ORGANS (WATER IMHEASIONI-CONTINUE0 

NUCLInE MUSCLE O V A R I E S  PANCREAS SKELETON S K I N  SPLEEN TESTES THYMUS THYROID UTERUS TOTAL a o o y  

FE52  

FE55 

FE 5 9  

C 0 5 6  

C 0 5 7  

cnsa 

C O 6 0  

N I  56 

N 1 6 3  

CU64 

ZN65 

ZN69U 

L N 6 9  

GA67 

G A 6 8  

GE77 

AS76 

AS77 

SE75 

SE 77u 

RR80U 

BR8O 

8 R 8 Z  

RR 83 

BR a4 

KR79 

OollOE 06 O.454E 05 0.682E 05 0.144E 06 0.137E 06 0 - 1 1 3 E  06  0.130E 06 0.736E 0 5  O. l l6E 

0.5145E 01 0.663E 00 0.906E 00 O.L.3OE 0 1  O.286E 0 3  0.314E 01 O . l l l E  02 O.lB8E-03 0.634E 

0.188F: 06 0.146E 06 0.174E 06 O.202E 06 0.223E 0 6  0.201E 06 0.155E 06 0.152E 06 0.165E 

0.576F 06 0.488E 06 C.598E 06 0.613E 06 0.677E 06 0.560E 06 0.431E 06 0.558E 06 0.592E 

0.169E 0 5  0.8286 04 0.102E 05 0.347E 05 0.234E 0 5  0.119E 0 5  0.183E C5 0.102E 05 0.238E 

0.142E 06 Oo820E 05 0 -133F  06 0.159E 06 0.182E 06 0.144E 06  0.133E 0 6  0.953E 0 5  0.113E 

0.398E 06 Oo316E 06 0.366E 06 0.425E 06 0.468E 06 0.429E 06 0.324E 0 6  0.327E 0 6  0.354E 

0.260E 06 0.164E 06 0.230E 06 0.307E 06 0 - 3 2 7 E  06 0.263E 06 0.253E 06 0.192E 06 0.223E 

0.0 0.0 0.0 - 0.0 0.0 0.0 0 .o 0.0 0 .0  

0.303E 0 5  O.119E 05 0.188E 05 0.367E 05 0.370E 05 0.321E 0 5  0.331E 05 0.189E 05 0 -318E 

0.839E 0 5  0.509E 05 0.831E 05 O.Y23E 05 0.109E 06 0.841E 05 0.763E 0 5  0.567E 0 5  0.630E 

0.637E 05 0.233E 05 0.389E 05 0.77i)E 05 0.7786 05 0.673E 05 0.708E 0 5  0.389E 05 0.671E 

0 .o 0.0 0.0 0.0 0 .o 0 .o 0.0 0 .o 0.0 

0.259F 05  0.137E 05 0-164E 05 O.CZbE 05 0.345E 05 0.229E 05  0.332E 05 O-ZOOE 05 0 -290E 

0.144E 06 0.549E 05 0.909E 05 0 -176E 06 0.177E 06 0.152E 06 0.159E 06 0.889E 05 0.150E 

0.146E 06 0.789E 0 5  00106E 06 00188E 06 0-182E 0 6  0 -145E 06 0.161E 0 6  0.107E 06 0.143E 

0-683E 0 5  0.371E 05 0.477E 05 0.797E 05 0.812E 05 0 - 7 2 3 E  05  0.677E 05 0.486E 05 0.704E 

O.l l6E 04 0.606E 03 0.735E 03  0.178E 04 0.149E 0 4  0.108E 0 4  0.153E 0 4  0.924E 03 0.123E 

0.853E 05 0 - 5 9 2 E  0 5  0-617E 05 O.LL2E 06 0.105E 06 0.834E 05 0.927E 05 0.721E 05 0.917E 

0.117E 0 5  0.692E 0 4  0.i53E 04 0.192E 05 0.159E 05 0.104E 05 0.166E 0 5  0.104E 05 0.122E 

0.117E 0 4  0.444E 03 0-164E 03 0-189E 04 0-444E 0 4  0.434E 0 3  0.174E 04 0.643E 0 3  0.129E 

0.129E 05 '0-482E 04 0.791E 04 0-157E 05 0.158E 05 00136E 05 0 -143E 05 0.792E 0 4  0.136E 

0.412E 06 0.255E 06 0.345E 06 O.463E 06 0.501F 06 0.434E 06 0.383E 06 0.298E 06 0.37% 

O-119E 0 4  0.420E 03 00698E 03 0.142E 0 4  0.350E 0 4  0.121E 0 4  0.135E 0 4  0.689E 03 0.119E 

0.293E 06 0.264s 06 00366E Ob 0.307E 06 0.347E 06 0.254E 06 0.198E C 6  0.336E 06 0.343E 

0 -352E 0 5  0.153E 0 5  0.228E 05 0.453E 0 5  0.447E 0 5  0.358E 0 5  0.403E 0 5  0.236E 05 0.361E 

06 0.734E 05 0.112E 

00 0.125E-03 0.153E 

0 6  0.130E 0 6  O.188E 

0 6  0.415E 06 0.576E 

0 5  o.aceE c 4  0.196~ 

06 O.lOOE 06 0.142E 

06  0.276E C 6  0.398E 

0 6  0.180E C6 0.263E 

0.0 0.0 

05  0.2C2E 05 0.303E 

0 5  0.595E 0 5  0.840E 

05 0.425E 05 0.637E 

0. c 0.0 

0 5  0.161E 05 0.281E 

06 0.967E 05 0.144E 

06 0.989E 05 O.149E 

0 5  0.462E 0 5  0.683E 

0 4  0.759E 03 O.123E 

0 5  0.550E 05 0.901E 

0 5  0.768E 0 4  0.127E 

0 4  0.156E 0 3  0.132E 

0 5  0.859E 04 0.129E 

06 0.284E 06 0.412E 

04 0.752E 03 0.126E 

C6 0.221E 06 0.293E 

0 5  O.234E 05 0.358E 

06 

0 2  

06 

0 6  

05 

0 6  

06 

0 6  

05 

05 

05  

05 

0 6  

06 ' 

c 5  

0 4  

05 

05 

c4 

05 

06 

0 4  

0 6  

c5 

W 
1 
w 
01 
0 



NllCl I DF 

K R 8 3 M  

KR85M 

KR 85 

KR87 

K R 8 8  

Re84 

RR86 

R R R R  

RE89 

I R90 

SRR5 

S R ~ ~ M  

t R  8 9  

SR90 

t R 9 1  

SR 97 

! a 9 3  

Y A 7  

Y E 8  

Y 9 0  

Y91M 

Y 9  1 

Y 9 7  

Y93 

ZR95 

ZR97 

TABLE 3-7 (continued) 

PHOTON O D S t  R A T E  T C  VARIOUS ORGANS IYATER I M M E R S I O N  

MUSCLF O V A R I E S  PANCRFAS SKELETON S K I N  SPLEEN TESTES THYMUS THYRO 

-CONTINUFO 

0 UTERUS TOTAL BODY 

0.364F 0 7  0.339F 01 0.427E 01 0.292E 02 0.507E 0 3  0.449E 0 1  0.363E 02 0.16lE 01 0.323E 01  0.342E 00 0.499E 02 

0-227F 0 5  0.131F 05 0.143E 05  0.3656 05 0.294F 05 0-197F 05 0-316F 05 0.197E 0 5  0.231E 0 5  0.146E 05 0.241E 05 

0.315F 03 0.115F 03 0.192F 03 D.384E 03 0.384E 03 0.332E 03 0.350E 03 0.192E 0 3  0.332E 0 3  0.210E 03 0.315E 03 

0.120F 0 6  C.,q84F 0 5  0.112E Om 0.130E 06 0.145E 06 0.991F 0 5  0.873E 05 0.108E 0 6  O.ll6E 0 6  0.888E 05 0.120E 06 

0.309F 0 6  0.307F 0 6  0.311F 06 

0.129E 0 6  0.772E 0 5  0.117E 06 

0 . 1 3 7 ~  0 5  c . 8 4 1 ~  04 0 . 1 3 7 ~  05 

0.104F 0 6  n.102E 0 6  0.111F (k 

0.373F 0 6  0.319E C h  C.365F 06 

0.427f 0 6  0.396F 06 0.667E 06 

0.787F 05 O.ZR6E 05 0.477F 05 

0 . 5 ~ 4 ~  05 0 . 1 ~ 5 ~  05 0.3118~ 05 

0.0 0.0 c. c 

0.0 0.0 0.0 

0.113F 0 6  0.628E 05 0.919E 05  

0.715~ 06  0 . 1 9 8 ~  06 0.184~ 06 

0.229F 0 6  0.178F 0 6  O.181E 06 

0.712F 0 5  0.260F 05 0.434E 05 

0.404E 0 6  0.376F 0 6  0.418E 06 

n. n 0.0 0.0 

0.799E 0 5  0.293F 05 C.488F 05 

0.414F 03 0.3R6E 0 3  0.357F 03 

0.378F 0 5  0.7636 0 5  C.347E 05 

n.l l2F 0 5  0.897F 04 0.101E 05 

O.lOAF 0 6  0.541E 05 C.E9OE 05 

0.779F 0 5  0.1R5E 0 5  0.231E 05 

0.329E 

0.14DE 

0.15lE 

0.109E 

0.397E 

0.436E 

0.955E 

0.616F 

0.0 

0.0 

0.128E 

O.Z;LbE 

0.267E 

0 .86YE 

0.426E 

0.0 

0.975E 

0.434E 

O.413E 

0.137E 

0.124E 

0.31bF 

06 0.374E 06 0.226E 06 O.188E 06 0.308E 

06 0.165F 06 0.1U)F 0 6  0.123E 06 0.863E 

05 0.177E 05 0.137E 05 0.124E 05 0.930E 

06 0.127F 0 6  0.751F 0 5  0.616E 05 0.105E 

06 0.445F 06 0.349F 06 0.274E 06 0.336E 

06 0.482E 06 0.394E 0 6  0.280E C6 0.616E 

05 0.969E 0 5  0.825E 0 5  0.869E 05 0.477E 

05 0.616E 05 0.532E 0 5  0.560E 0 5  0.308E 

0 .o 0.0 0.0 0 .o 

0.0 0.0 0.0 0.0 

0 6  0.139F 0 6  0.117F 06 0.109E 06 0.774F 

0 6  0.235E 06 0.244E 0 6  0.163E 06 0.199E 

06 0.281E 06 0.238E 06 0.226E 06 0.16OE 

0 5  0.887F 05  0.751E 05 0.791E 05  0.434E 

06 0.503E 06 0.299E 06 0.254E C 6  0.379E 

0.0 0.0 0.0 0.0 

05 0.976E 05 0.843E 0 5  0.887E 05 0.488E 

0 3  0.452E 0 3  0.470E 0 3  0.310F 0 3  0.386E 

05 0.462E 05 0.391E 05 0.327F 05 0.287F 

05 0.141E 05 0.929E 0 4  0.985E C4 0.101E 

0 6  0-136F 06 0 - l l O E  0 6  0.107E C6 0.698E 

05 0.336F 05  0.291E 0 5  0.255E 05 0.213E 

0 6  0.287E 06 0.237E C6 C.310E 06 

0 5  0.107E 0 6  0.906E 05 0.129E 06 

0 4  O.102E 0 5  0.974E 04 0.137E 05 

06 0.976E 0 5  O.@CBF C5 0.104E 06 

06 0-346F 06 0.271E 06 0.373E C6 

06 0.644E 0 6  0.322.E 06 0.4276 06 

05 0.823E 0 5  0.52lE 05 0.783E C5 

05 0.531E 0 5  0.336E 05 0.504E 05 

0.0 0.0 0.0 

0.0 0.0 0.0 

05 0.103E 0 6  0.774E 05 0.113E 06 

06 0.215E 06 0.146E 06 0.215E 06 

0 6  C.214E 06 0.156F 06 C.229E C6 

0 5  0.749E 0 5  0.474E 05 0.713F 0 5  

0 6  0.354F 0 6  0.311E 06 0.404F 06 

0.0 0.0 0.0 

0 5  0.842E 05 C.532F 05 0.799E 05 

03 0.414E 0 3  0.282F 03 0.414E C3 

05 0.325E 0 5  0.264E 05 0.378E 05 

05 0.104E 0 5  0.817F 04 0.115F 0 5  

05  0.950E C 5  0.744F 05 0.108E 06 

05 0.263~ 0 5 0 . 1 ~  a5 0 . 2 8 0 ~  05 

c 



TABLE 3-7 (continued) 

PHOTON OOSE RATE TO VARIOUS ORGANS (WATER IMMERS ION I-CON1 INUEO 

. 

NUCL 1DE UUSCLE OVARIES PANCREAS SKELETON SKIN SPLEEN TESTES THYMUS THYROID UTERUS TOTAL BODY 

NU95U 0.807E 04 0.479E 04 0.522E 04 0.133E 0 5  O.106E 05 0.719E 0 4  0.115E 05 0.719E 0 4  0.842E 0 4  0.532E 0 4  0.878E 04 

NR95 O - l l l E  06 0.678E 05 O . l l l E  06 00121E 06 0.143E 0 6  O - l l l E  06 0.100E 06 0.750E 0 5  0.821E 0 5  0.786E 05 0 - l l l E  06 

NU97M O.112E 06 0O409E 05 0.682E 05  0.136E 06 0.136E 06 O.118E 0 6  0.124E 0 6  0.682E 05 O.118E 0 6  0.745E 05 O.112E 06 

NE97 0.102E 06 0.382E 05 0.630E 05 O.lL4E 06 0.124E 06 O.lO7E 06 0.112E 06 0.625E 05 O.lO7E 06 0.679E 05 0.102E 06 

U099 0.241E 0 5  OolObE 0 5  00169E 05 0.295E 05 0.303E 05 0-247E 05 0.261E 05 0.155E 05 0-235E 0 5  0.162E 05 0.242E 05 

TC99M 0.174E 05 d 8 5 6 E  04 0.105E 05 0.360E 05 0.235E 05 0.122E 0 5  00188E C5 0.105E 0 5  0-246E 05 0.828E 0 4  0.202E C5 

TC99 0.0 0.0 0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 

RU103 

RU106 

RH103U 

RHlDS 

R H ~ O ~  

PO103 

A G 1  I O U  

A G 1 1 1  

COAl lM 

Cn l13M 

CD115M 

IN113U 

I N  114W 

I N 1 1 4  

1N115U 

S N l l P  

SNl19U 

SN123 

SN 175 

0.738F 05 0.271F 05 0.451E 05 0.902E 05 0.905E 0 5  0.779E 0 5  0.821E 05 0.451E 05 0.178E 05 0.492E 05 0.739E 05 

0.0 0.0 0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 

0.578E 0 2  0.962E 01 0.127E 02 0.616E 02 0.327E 0 3  0.612E 0 1  0.886E 0 2  0-541E 01 0.240E 0 2  0.807E 00 0.635E 02 

0 - l l O E  0 5  0.655E 0 4  0.713E 04 0.182E 05 0.146E 05 0.983E 0 4  0.157E 05 0.982E 0 4  0.115E 0 5  0.728E 04 O.12OE 05 

0.284F 05 Q l l l E  05 O.18OE 05 0.347E 05 0.348E 0 5  0.299E 0 5  0.311E 05 0.176E 05 0.296E 05 0.190E 05 0.285E C5 

O . 2 5 6 E  03  0.163E 0 3  0.135E 03 0.519E 03 0.392E 0 3  0.194E 0 3  0.267E 0 3  O.185E 03 0.289E 03 0.146E C2 0.289E C3 

0.420E 06 0.258E 06 0.349E 06 0.473E 06 0.510E 06 O.443E 06 0.392E 06 0.303E 06 0.384E 06 0.289E 06 0.420E 06 

0-432F 0 4  0.256E 04 00279F 04 0.714E 04 0.571E 04 0.3846 0 4  0.615E 0 4  0.384E 04 0.452E 0 4  0.285E 04 0.471E 04 

0-56OF 0 5  0.311E 05 C.353E 05 O.1OlE 06 0.742E 05 0.458E 0 5  0.725E 05 0.438E 05 0.662E 0 5  0.331E 05 0.624E 05 

00497F 0 2  00288E 02 0.313E 02 0.812E 02 0.718E 0 2  0.429E 0 2  Oo7lOE 0 2  0.430E 02 0.511E 02 0.316E 02 0-541E 02 

0.506E 04 0.370E 0 4  0.469E 04 00549E 0 4  0.611E 04 0.536E 0 4  0.431E 0 4  0.394E 0 4  0.436E 0 4  0.353E C4 0.507E 04 

0.366F 05 O.141E 05 0.236E 05 

OO115F 0 5  0.512E 0 4  0.700E W 

0,409F 0 3  00336E 03 C.327E 03 
I 

O.191E 05 0 O l I Z E  05 0.122E 05  

0.153E 04 0.546E 03 0.633E 03 

0.564E 03 0.175E 03 0.937E 02 

0.0 0.0 0.0 

0.460F 0 5  0.321E 05 0.454F 05 

0.471E 05 

0.150E 05 

0.442E 03 

0.313E 05 

0.202E 04 

0.815E 03 

0.0 

0.504E 05 

0.471E 05 0.408E 05 0.429E 05 0.236E 05 0.407E 0 5  0.257E 05 

0.156E 05 O . l l l E  0 5  0.142E 0 5  0.805E 0 4  0.119F 05 0.738E 04 

0.506E 0 3  0.445E 0 3  0.340E 03 0.351E 03 0.406E 0 3  0.268E 03 

0.264E 05 0.167E 05  0.272E 05 0.167E 05 0.1S8E 05 0.124E 05 

0.545E 04 0.690E 0 3  0.227E 0 4  0.678E 03 0.105E 0 4  O.46lE 03 

0.203E 0 4  0.155E 0 3  0.8486 03 0.2266 03 O.499E 0 3  0.534E 02 

0.0 0.0 0 .o 0.0 0. a 0.0 

0.583E 05 0.432E 0 5  0.387E 05 0.3466 05  O.367E 0 5  0.332E 05 

0.386E 05 

0.119E 05 

C.410E 03 

0.208E 05 

O.167E 0 4  

0.614E 03 

0.0 

0.460E 05 

W 

+ m 
N 



TABLE 3-7 (continued) 

PHOTON DOSE RATE T O  VARIOUS ORGANS (WATER IHMFRSInNJ-CONTINUCO 

NUCLIDE MUSC.LF O V A R l  ES P I N C R E A S  SKELFTUN SKIN SPLEEN TESTES THYMUS T H Y R O I )  UTERUS TOTAL BODY 

t R  I 7 2  

FR114 

t R  125 

SR177 

TF 121M 

TF125M 

TF177H 

TF127 

TF129M 

TF129 

TF131M 

T E l l l  

TF132 

I123 

I 1 2 4  

I 1 2 5  

I 1 2 6  

1119 

0.631F 05 0-237E 05 0.394E 05 0.768E 05 0-773F 0 5  0.665F 05 0.696E 0 5  0.387E 

0.297F 0 6  0.212F 06 C.232E 06 0.332E 06 0.343F 0 6  0.318E '06 0.261E 0 6  0.241E 

0.663F 0 5  0.248F 05 0.397E 05 0.827E 05 0.833E 05 0.684F 0 5  0.749E 05 0.409E 

\ 
0.10OF 0 6  0.478F 05 0.688E 05 0.122€ 06 0.124E 06 0.104E 0 6  0.108F 06.0.639F 

0.199F 0 5  0.116F 05 0.123F 05 0.328E 05 0.275E 05 0.171F 05 0.284F 05 0.174E 

0.767F 04 0.104E 04 0.3RlE 0 3  0.443F 04 0.6636 04 0.997E 03 0.346F C4 C.152E 

0.669F 0 3  0.260E 03 C.547E 02 O . l l l E  0 4  0.170F 0 4  0.250E 0 3  0.995F 03 0.382F 

0.617F 03 0.234E 03 0.376E 03 0.770E 03 0.7596 03 0.644E 0 3  0.696€ C3 0.385E 

0.514F 0 4  0.15hF 04 0.295E 0 4  0.651E 0 4  0.7C5E 0 4  0.501E 0 4  0 . 5 8 8 €  04 0.313E 

', 

0.966F 04 0.412E 0 4  0.642F 04 0.11YF 05 0.124F 0 5  0.978E 04 O.lO7E 05  0.616E 

0.2C7F 0 6  0.138E 0 6  0.193F 06 0.237E 06 0.261E 0 6  0.203E 0 6  0.189E 06 0.154E 

0.607F 0 5  0.309E 05 C.462E 05 0.R33E 05 0.774E 05 0.576E 05 0.618E 0 5  0.393E 

0.289F 0 5  0.172E 05 0.185F 05 0.483E 05 0.383E 05 0.254E 05 0.406F 05 0.254E 

0.124F 0 5  0.115E 05 0.135F 05 0.362E 05 0.316E 05 0.193E 0 5  0.315F 05 0.189E 

0.171F 0 6  d 9 9 9 E  05 O - l Z Z E  Ob  0.1Y8E 06 0.204E 06 0.178E 0 6  0.164E 06 0.126E 

0.309E 04 0.120E 0 4  0.416E 03 0.511E 04 0.771F 0 4  O.l l4E 0 4  0.460E 04 0.176E 

0-654F 0 5  0.248F 05 0-401F 05 0.799E 05 O.8OYE 0 5  0-685E 0 5  0.724E 05 0.403E 

0.185E 0 4  0.716E 03 0.250F 03 0.306E 0 4  0.462E 0 4  0.681E 0 3  0.276E 04 0.106F 

05 0.658E 05 O.421E 

06 0.301E 0 6  0.2C3E 

05 0.700E 0 5  0.432E 

05 0.998€ 05  0.676E 

05 0.208E 0 5  0.126E 

0 4  0.306E 0 4  0.3R6E 

0 3  0.767E 03 0.960E 

03 0.650E 03 0.409E 

0 4  0.541E 04 0.312E 

0 4  0.S68E 0 4  0.632E 

06 0.173F 0 6  0.145E 

05 0.619E 0 5  0.386E 

05 0.304E 0 5  0.186E 

05 0.236E 0 5  0.138E 

0 6  0.175E 0 6  0.116E 

04 0.353E 0 4  0.429E 

05 0.686F 05 0.432E 

04 0.212E 0 4  0.257E 

05 0.631E 05 

06 0.297E 06 

05 0.666F 05 

05 O.lO1E 06 

05 0.216E OS 

03 0.290E 04 

02 0.728E 03 

03 0.620F 03 

04 0.519E 04 

04 0.974E 0 4  

06 C.209E 06 

OS 0.630E 05 

05 0.315E 05 

05 0.242E 05 

0 6  0.171E 0 6  

03 0.335E C4 

0 5  0.655E 05 

C3 0.201E 0 4  

1130 0-309F 0 6  0.119F C6 0.197E 06 0.3MlE 0 6  0-38OF 06 0.323E 0 6  0.339E C6 C.190E 06 0.322E 0 6  0.206E 06 0.31OE 0 6  

1171 0.577E 0 5  0.217E 05 0.152E 05  0.717E 05 O.7C8E 0 5  0.603E 05 0.648E 05 0.358E 0 5  0.609E 05 0.3836 05  0.579E 05 

I137 0-940F 0 6  0.184E Oh 0.273F 06 0-392E 06 0-422E 0 6  0.351E 06 0-333E 06 0.232E 06 0-313F 0 6  0.233E 06 C.340E 06 

1113 0.103F 0 6  0.483F 05 G.711F 05 O.lLLE 06 0.125E 06 0.109E 0 6  0.107F C6 0.678E 05 O.lO4E 0 6  0.693E 05 0.103E 0 6  

I 1 3 4  0-353E 06 C.220E C6 C-332E 06 0.391E 0 6  0.445E 06 0.361E 0 6  0.321E 06 0.247E 0 6  0.285E 0 6  0.248E 0 6  0.353E 06 

W 

c. 
OI 
W 

1135 0.7ROF 0 6  0.230E 0 6  C.252E 06 0.298E 06 0.324E 0 6  0.305F 0 6  0.225E 06 0.237E 0 6  O.257E 06 0.193E 06 0.280E 06 

I 1 3 6  0.450F 06 0.429E Oh 0.h9F 06 0.474E 06 0,517E 06 0.419E O h  0.304E 06 0.451E 06 0.459E 06 0.328E 06 0.450E C6 

XF131M 0.169F 0 4  0.743E 03 0.453E 03 0.276E 04 0.372E 04 0.851F 0 3  0.248E 0 4  O.llOE 04 0.188E 0 4  0.464E 03 0.183E 04 

\ 



TABLE 3-7 (continued) 

PHOTON OflSE RATE TO VARIOUS ORGANS ( W A T E R  IMMERSION)-CONTINUED 

NUCLIDE 

XF 133U 

XE133 

XE 135M 

XE135 

XF137 

XF 138 

CS 1 3 4  

OS135 

CS136 

O S 1 3 7  

CS 138 

CS 139 

RA133 

BA137M 

BA139 

RA140 

1. A 140 

CF141 

CF143 

CF 144 

PR143 

PR 1 4 4  

NO147 

PU147 

PMlQAM 

PM 148 

MUSCLE WAR1 ES PANCREAS SKELETUN SKIN SPLEEN T E S T E S  THYMUS THYROID UTERUS TOTAL BODY 

0.456F 04 (1244E 0 4  0.229F 04 0.752E 0 4  0.756E 0 4  0.338E 0 4  0.658E 0 4  0.365E 0 4  0.489E 04 0.233E 0 4  0.496E 

0-527E 0 4  0.248E 0 4  0.265E 04 O.lO4E 05 0.836F 0 4  0.331E 0 4  0-616E 0 4  0.315E 0 4  0.713E 0 4  0.213E 04 0.603E 

0-653F 05 0.239E 05 0.397E 05 0.7Y9E 05 O a 8 O l E  05 0-687E 05 0-727E 05 0.399E 05 0.688E 0 5  0.434F 05 0.653E 

0.348F 0 5  O.ZO1E 05 0-224E 05 0.562E 05 0.458E 05 0.314E 0 5  0.487E 05 0-302E 05 0.363E 05 0.229E 05 0.376E 

0-278E 0 5  0.138E 05 0.192E 05 0.328E 05 0-336E 05 0.287E 0 5  0.282E C5 0.190E 0 5  0.284E 05 0.189E 05 0.278E 

0.124F 0 6  0.106E 06 0.107E 06 0.144E 06 0.149E 0 6  O . l l l E  0 6  0.100E 06 0.114E 06 0.123E 0 6  0.887E 05 O.126E 

0.232E 06 0.118E 06 0-188E 06 0.268E 0 6  0-290E 06 0.239E 0 6  0.231E 06 0.152E 0 6  0-20EE 0 6  0-160E 06 0.232E 

0.0 0.0 c. c 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.313F 06 0-203E 06 C.295E 06 0.361E 0 6  0-397E 06 0.314E 06 0.294F 06 O.229E 06 0.253E 06 0.218E 06 0.316E 

0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 0.0 0.0 

0.346F 0 6  0.308E 0 6  0.318F 06 0.368E 06 0.402E 0 6  0.335E 0 6  0.251E 06 0.317E 06 0.332E 0 6  0.248E 06 0.346E 

0.357E 0 5  0.339E 05 0.345E 05 0.375E 05 0.406F 05 0.347E 0 5  0.246E 05 0.358E 05 0.370E 05 0.257E 05 0.357E 

0-515E 0 5  0 i 2 1 7 E  05 0.305E 05 0.718E 05 0.677E 0 5  0.496E 05 0.609E 05 0.340E 05 0.559E 05 0.320E 05 0.533E 

0.858E 0 5  0.314E 05 0.523E 05  0.105E 06 0.105E 06 0.905E 0 5  0.954E 05 0.524E 05 0.905E 0 5  0.571E 05 0.859E 

0.766F 0 4  0.493E 04 C.515E 0 4  0.119F 05 0.996E 0 4  0.706E 0 4  0.101E 05 0.683E 0 4  0.795E 0 4  0.502E 04 0.823E 

0.791F 0 5  0.115E 05 0.177E 05 0-372E 05 0.365E 05 0.299E 05 0-336E 05 0.187E 05 0.307E 0 5  O.lC2E 05 0.295E 

0.375E 0 6  0.312E 06 0.323E 06 0.409E 06 0-430E 06 0.406E 0 6  0.306E 06 0.326E 0 6  0.363E 0 6  0.258E 06 0.376E 

0.105E 0 5  0.509E 04 0.608E 04 0.214E 05 0-145E 05 0.715E 0 4  0.115E 05  0.629E 0 4  0.147E 05 0.482E 04 0.121F 

0.430E 0 5  0.232E 05 0.300E 05 0.617E 05 0.574E 05 0.402E 05  0.523E 05 0.326E 05 0.423E 05 0.276E 05 0.451E 

0.747F 0 4  0-120E 0 4  0.137E 04 O.501E 04 0.361E 0 6  0.164E 0 4  0.277E 0 4  0.149E 0 4  0.342E 04 0.108E 0 4  0.285E 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. c 0.0 

0.471E 0 4  0.380E 04 0.410E 0 4  0.518E 04 0.565E 0 4  0.403E 0 4  0.354E 04 0.415E 0 4  0.464E 0 4  0.345E 04 0.471E 

0.199E 0 5  0.822E C4 O.116E 05 O.288E 05 0.264E 05 0.186E 0 5  0.228E 05 0.125E 0 5  0.224E 05 O.118E 05 O.208E 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.101F 06 0.125E 0 6  0.205E 06 0.364E 0 6  0.372E 06 0.313E 0 6  0.325E 0 6  0.189E 06 0.300E 0 6  0.202E 06 0.302E 

0.102F 0 6  0.758E 05 O.@45E 05 O.112E 06 0.118E 0 6  0 - l l l E  0 6  0.874E 05 0.826E 05 0.981E 0 5  0.695E 05 0.102E 

04 

04 

c 5  

05 

05 

06 

06 

06 

06 

05 

c5  

05 

04 

c5 

C6 

05 

05 

c4 

04 

05 

06 

06 



TABLE 3-7 ( con t inued)  

PHOTnN OUSE HATF T O  VARIOUS ORGAYS (WATER IMMERSIONI-CONTINUE0 

NIICI IDF 

F M  15 1 

FU 1 5 4  

F U 1 5 5  

E(1156 

G0167 

TU160  

TA182  

W l R 5  

n 1 8 7  

AU195Y 

6 0 1 9 5  

A11198 

A01 99 

HG 197 

tic203 

T L 7 0 4  

T I  208  

T L 7 1 0  

PR704M 

~ 0 2 i n  

PR217 

P R 7 1 4  

R l 2 l O  

R1217  

R I 7 1 4  

Pf l214 

MUSCLE O V A R l  E S  PANCREAS SKELETON SKIN  SPLEEN TESTES THYMUS THYROID UTERUS TOTAL BODY 

0.515F 0 0  018756-01  0-113E 00 O - b l b E  00 0.511E 01 0.722F-01 0.817F 00 0.369E-01 0.191E 00  0.468F-02 O.647F 00 

0.199E 0 6  0.14lE 0 6  0.171E 06 O.ZZ&F 06 0.239F 0 6  0.21OE 06 0.176E 06 0.155E 06 0.185E 0 6  0.135E 06 0.201F 06 

0.861F 0 4  O.454E 04 0.506F 0 4  0.181F 05 0.120E 0 5  0.599F 0 4  0.921E 0 4  0.540E 0 4  0-118F 0 5  0.370E 04 0.100E 0 5  

0.713F 0 6  0.173E 0 6  0.204F 06 0.231E 06 0.261F 0 6  0.193E 06 O.162E 06 0.181F 0 6  0.189E 06 0.155E 06 0.214E 0 6  

0.646F 0 5  0.737F 0 5  C.393F OS 0.790F 0 5  0.792E 0 5  0.681E 0 5  0.718E 0 5  0.394E 0 5  0.681E 0 5  0.429F 05 0.646E 05 

O - l t l E  0 6  0.105E 0 6  0.151F 06 O.lM6F 06 

0.701F 0 6  0.153F 06 C.182E 06 0.230E 0 6  

0.0 0.0 c. 0 0.0 

0 . 2 5 6 ~  05 0 . 9 9 4 ~  0 4  0 . 1 5 5 ~  05  o . u n  05 

0.275F 0 5  0.165F C5 0.175F OS 0.465E 0 5  

0.105F 0 5  0.713F 0 4  0.553E 0 4  0 .~54E 0 5  

O.hlRF 0 5  0.228E 0 5  0.378F 0 5  0.7,6E 0 5  

0.133F 0 5  0.797E 04 O.E47F 04 0.227F 05 

0.786E 04 0.560F 04 0.4P3F 04 0.176F 0 5  

0.333E 0 5  0.199F 05 C.214E 05 0.557F 0 5  

0.127E 0 3  0.909E 02  0.t47F 02 0.2M7F 03 

0.516F 0 6  01475E 0 6  0.498E 06 0.553F 06 

0.832F 00  0.5F7E 00 C.425E 00 0.180E 01 

0.305F 06 0.174E C6 C.2e5F 06 O.341E 06 

0.74RF 0 3  0.159E 03 0.115F 03 0.515E 03 

0.201F 0 5  0 . lZ IF  0 5  0.126E 05 0.349E 05 

0.338F 0 5  0.157F 0 5  C.211F 05 0.481E 05 

0.0 c. 0 0.0 0.0 

0.170E 0 5  O.lO?F 05 0.129F 0 5  0.196F 05 

0.743F 0 6  0.197F 06 0.211E 06 O.7b6E 06 

0.161F 02 0.988F 0 1  O.16lE 02 0.177E 02  

0.204F O b  O.161E 0 6  

0.244F 06 C.21OE 06 

0 .o 0.0 

0.318f 0 5  0.260E 0 5  

0.375E 05 0.241F O S  

0.175E 0 5  0 . 7 1 Y E  04 

0.756E 05 0.651E 05 

O.181E 0 5  O.115E 0 5  

0.135E 05 0.539E 0 4  

0.444F 05 0.295E 0 5  

O.218E 0 3  0.863E 0 2  

0.631E 06 0.371F 06 

0.134E 0 1  0.567E 00  

0.390E 0 6  0.308E 0 6  

C.@78F 03 0.153E 0 3  

0.274F 0 5  0.172E 0 5  

0.434E 0 5  0.330E 0 5  

0.0 0.0 

0.205E 0 5  0.1R2F 0 5  

0.286F 06 0.242E 06 

0.208F 02  0.161E 02 

0,149 F 

0.173E 

0.0 

0.283E 

0.384E 

0.109E 

0.686F 

0.183F 

0.8 11F 

0.471E 

0.130E 

0.329F 

0.848E 

0.286E 

0.254E 

0.273F 

0.408F 

0.0 

0.163E 

0.196E 

0.146E 

Oh 0.117E 0 6  

0 6  0.162E 06 

0.0 

0 5  0.158E 05 

0 5  0.242E 0 5  

0 5  0.766E 0 4  

C5 0.378E 05 

0 5  0.116E 0 5  

04 0.596E 0 4  

0 5  0.295E 0 5  

C 3  0.957E 02 

06 0.493E 0 6  

00 0.629E 00 

C6 0.203E 06 

C3 0.165E 0 3  

05 0.173E 0 5  

0 5  0.240E 05 

0.0 

05 0.125E 05 

G O  C.20OE 0 6  

0 2  0.10YE 0 2  

0.131E 0 6  0.112F 06 0.162E 

0.18OF 0 6  0.136E 06 O.ZO4E 

0.0 0.0 0.0 

0.277E 0 5  0.163E 0 5  0.260E 

0.289E 0 5  0.172E 05 0.301E 

O.126E 0 5  0.251F C4 0.123F 

0.t50E 0 5  0.411F 05 0.618E 

0.141E 05 O. f l7E  C4 0.146E 

0.902F 04 O.158E C4 0.921E 

0.349E 0 5  0.215E 0 5  0.364F 

0.146E 0 3  0.240E 02 0.149E 

C.490E 06 0.396F 0 6  0.516c 

0.959F 00 0.158E C O  0.Y74E 

0.242E 06 0.214E 06 0.305E 

0-253E 03 0 -414F  0 2  0.300E 

0.216E 0 5  0.120E 05 0.221E 

0.3571; 0 5  0.216F 05 0.3521: 

0.0 0.0 0.0 

0.167E 0 5  0.115E 05 0.171E 

0-232F 06 0.171F C 6  0.243E 

O . 1 Z O E  0 2  0.114F 02 O.16lE 

06 

0 6  

05 

05 

05 

05 

05 

0 4  

0 5  

c3 

06 

00 

0 6  

c 3  

05 

0 5  

05 

0 6  

02 



TABLE 3-7 (continued) 

PHOTON OOSE RATE T O  VARIOUS ORGANS t Y AT ER I f l M E R  5 ION )-CON T I  NUFO 

NUCL IO€ MUSCLF OVARIES PANCRFAS SKELETON S K I N  SPLEEN TESTES THYMUS THYROID UTERUS TOTAL BODY 

PO2 18 

RN220 

RN222 

R1224 

R A226 

RA228 

A t 2 2 8  

i n 2 2 8  

i n 2 3 0  

i t i t 3 1  

i n 2 3 2  

~ ~ 2 3 4  

PA233 

PA234M 

PA234 

(1232 

u 7 3 3  

11234 

UZ 35 

U236 

U2 37 

U238 

U240 

NP237 

NP738 

NP 739 

0.133E 0 2  b 8 1 7 E  01  0.133E 02 O.146E 02 00172E 02 Oo133E 02 0-120E 0 2  0,903E 01 0.989E 01 0-946E 01 0.133E 02 

0-547E 0 2  0.200E 02 00334E 02 00668E 02 0.668E 02 0.578E 02 0.608F 0 2  0.334E 02 0.577E 0 2  0.36SF 02 0.547E 02 

0.596E 0 2  0.218E 02 0.364E 02 0.727E 02 0.727E 0 2  0.629E 02 0.662E 02 0.364E 0 2  0.628E 0 2  0.397E 02 0.596E 02 

0.141E 04 0.834E 03 0-912E 03 00235E 04 0-188E 04 0.125E 04 O-2OOE 04 0-125E 0 4  0-149E 04 0.924E 03 0.154E 04 

0.9436 0 3  0.552E 03 0.606E 03 0.158E 04 0.126E 0 4  0.826E 0 3  0.132E 04 0.819E 03 0.101E 04 0.6C9E 03 0.103E 04 

0.241E 04 0.934E 03 0.32% 03 0.399E 04 00591E 0 4  0.886E 0 3  0.359E 0 4  0.138E 04 0.276E 0 4  0.335E 03 0.261E 04 

00112E 06 0.746E 05 0.996E 05 0.131E 06 00139E 06 O o l l 4 E  0 6  0-103E 0 6  O.836E 05 0.979E 0 5  0.763E 05 0.113E 0 6  

0.338F 0 3  a l 7 O E  03 00199E 03 0.625E 03 00660E 0 3  O.246E 0 3  0,401E 03 0.225E 03 0.408E 0 3  0.173E 03 0.386E 03 

00636E 02 0.320E 02 00277E 02 0.112E 03 0.272E 0 3  0-351E 02 0.666E 0 2  0.357E 02 0.550E 02 0.152E 02 0.755E 0 2  

0.724F 04 0.99CE 03 0-112E 04 0.421E 0 4  0.546E 04 O.134E 0 4  0-254E 04 O.1ZZE 04 0.274E 04 0.859E 03 0.259E 0 4  

0.300E 0 2  Ool lOE 02 0-@83E 01 0.435E 02 0.217E 0 3  0-105E 0 2  0,283E 0 2  O.105E 02 0.159E 02 0.260E 0 1  0.370E 02 

0,950E 03 0.479E 03 0.561E 03 0.196E 0 4  0.140E 0 4  0.656F 0 3  O.1OZE 0 4  0.577E 0 3  0.131E 0 4  0.426E 03 O.llOE 04 

0.277~ 05 0.154~ 0 5  0 . 1 7 6 ~  os 0.470~ 05 0.375~ 0 5  0 . 2 3 9 ~  05 0,370~ 0 5  0.226~ 05 0.307~ 0 5  0 . 1 7 2 ~  05 0 . 3 0 4 ~  05 

0.139E 04 0.835E 03 0.135E 04 0.159E 04 0.180E 0 4  0.137E 0 4  0.128E 04 0.935E 03 O.108E 04 0.967E 03 0.140E 04 

0.469E 06 0,419E 06 C.461E 06 0.51YE 0 6  0.581E 06 0.362E 0 6  0.324E 06 0.433E 0 6  0.428E 06 0.352E C6 0.472E 0 6  

0.578E 0 2  0,207E 0 2  0.211E 02 0.88YE 02 0.334E 0 3  0.237E 02 0.589E 02 0.215E 02 0.427E 0 2  0.112E 02 0.696E 02 

00120E 03 00630E 02 0.678E 02 0.200E 03 0.306E 03 0.890E 0 2  0.154E 03 0.870E 02 0-120E 0 3  0.612E 02 0.136E 03 

0,433E 0 2  0.14OE 02 0.141E 02 0.619E 02 0.285E 03 0.154E 02 0,439E 02 0.139E 0 2  0.270E 02 0.661E 0 1  0.525E 02 

0-207F 05 O.118E 05 0.131E 05 0.357E 05 0.289E 0 5  0.175E 0 5  0.282E 05 0.172E 05 0.229E 05 0.128E 05 C.229E C5 

0,765F 0 2  0.516E 0 1  0-522E 01 O 2 8 2 E  02 0.246F 03 O-481E 01  0.263E 02 0-391E 0 1  00686E 0 1  0.916E 00 0.328E 02 

0.187E 05 0,lOSE 05 0,112E 05 0.354E 05 0.282E 0 5  0.144E 05 0.228E 05 0.139E 05 0.224E 05 0.953E C4 O.212E C5 

00270E 0 2  0.614E 01 0.685E 0 1  0.3226 02 0.222E 03 0-677E 0 1  0.271E 02 0.550E 0 1  0.113E 02 0.275E 0 1  0.331E 02 

0.171E 0 3  0.663E 02 0-535E 02 0.258E 0 3  O . l l l E  04 0-625E 02 0.172E 03 0-636E 02 0-101E 03 0.157E 02 0.208F 03 

0,114E 05 0,597E 04 0.695F 04 0.218E 05 0.157E 05 0.864E 0 4  0.137E 05  0.796E 0 4  0.146E 0 5  0.6C7E 04 0.129E 05 

O.81OE 0 5  0.496E 05 0.810E 05 0.888E 05 0,105E 06 0.810E 0 5  0.732E C 5  0.549E 05 0.601F 05 0.575E C 5  0.810E C5 

0.183E 05 0.102F 0 5  O.115E 05 0.329E 05 0.256E 05 0.149E 05 0.237E 05 0.143E 05 0.214E 0 5  0.1G7E C5 0.204E 05 

0 
w m m 



TABLE 3-7 (continued) 

PHOTCN OOSF R A T E  TC VIRIOUS nFiGANS (WATER IMMERSION)-CONTINUED 

NP740H 

PI1236 

PU238 

PU739  

P 11740 

PI1241 

PU342 

Pi1744 

AM341 

a n 7 4 2  

AM243 

CH243 

CM741 

CM344 

CF353 

WUSCLF W A R 1  FS PANCREAS SKtLFTUN SKIN  SPLEFN TFSTFS THYMUS THYROID UTERUS TOTAL BODY 

0.503F 0 5  0.36YF 05 0.367F 

0.367F 0 2  0.664E 0 1  0.765E 

0.281F 0 2  0.191E 0 1  0.479E 

0.134F 0 2  0.245E 0 1  f.230F 

0.748F 03 0.379F 0 1  0.449E 

0.0 0.0 0. c 

0.235F 0 2  0.319E 0 1  C.379E 

0.0 0.0 0. c 

0.758F 0 4  0.179F 0 4  0.127E 

0 . 1 8 1 ~  0 4  0 . 8 5 0 ~  0 3  0 .104~  

0.567F 0 4  0.405E 0 4  0.2A8F 

0.367F 0 7  0.340E 0 1  0.475F 

0.175F 0 5  0.965E 0 4  0.109F 

0.811F 0 3  0.511E 0 3  0.435E 

05 0.59LE 05 

01 0.366E 0 2  

01 0.266E 02 

01 0.135E 0 2  

01 0.243E 02 

0.0 

01 O.2lc)E 0 2  

0.0 

04 0.571.k 0 4  

0 4  0.361F 0 4  

0 4  0.128E 05 

01 0.244E 0 2  

0 5  0.315F 05  

03 0.176t 0 4  

0.612F 0 5  0.532E 3 5  0.507F 0 5  0.351F 05 

0 - 3 2 7 E  0 3  0.669F 0 1  0.377E 0 2  0.508F 0 1  

C.28OF 0 3  0.383F 0 1  0.278F 02 0.243E 0 1  

0 . l lOF  03 0.232E 0 1  0.129F C2 C.211F 0 1  

0.241E 0 3  0.375E 01  0.246t 0 2  0.257E 01 

0.0 0 .o 0 .o 0.0 

0.238F 03 0.293E 0 1  0.232F 02 0.186E 0 1  

0.0 0.0 0.0 0.0 

0.484F 0 4  0.170F 0 4  0.265E 0 4  0.189E 0 4  

0.3C9F 0 4  0.120F 0 4  0.197E 0 4  0.103E 0 4  

0.935E 0 4  0.384F 0 4  0.578E 0 4  0.427F 0 4  

0.273F C3 0.319E 0 1  0.265E 02 0.188E 0 1  

0.244F 05 0.142E 0 5  0.225F 05 0.136F 0 5  

0.134E 0 4  0.550E 0 3  0.843E 0 3  0.56lE 0 3  

0.498E 

0.108F 

0.517F 

0.398E 

0.532E 

0.0 

0.372E 

0.0 

0.291E 

0.243E 

0.651E 

0.403E 

O.206E 

0.995E 

05 0.340E 

0 2  0.2C6E 

0 1  O.8ORE 

01 0.541E 

0 1  0.911E 

0.0 

0 1  0.402E 

0.0 

0 4  0.479F 

0 4  0.8C9F 

0 4  0.107E 

0 1  0.490E 

05 0.102E 

0 3  0.232E 

05  0.505E 05 

C 1  0.449E 02 

00 0.349F C2 

00 0.152E 0 2  

00 0.3075 0 2  

0.0 

00 0.292E 0 2  

0.0 

03 0.302F 0 4  

03 0.209E 0 4  

04 0.664E 0 4  

00 0.333E 0 2  

C 5  0.195E 0 5  

03 0.947E 0 3  

O.847E 0 5  0.574E CS 0.668F 05 0.101E 0 6  0.1COF 06 0.867F 0 5  0.811F 05 0.714F 0 5  0.894E 0 5  0.58OF 05  0.857E 05 

e 



TABLE 3-8 
PHOTON DEPTH DOSE RATE FACTORS TO VARIOUS ORGANS (mrem/yr per uCi/m1Ia 

IMMERSION IN CONTAMINATED A I R  

NUCLIDE BLAOOER STOMACH SMALL UPPER LCWER KIDNEYS L I V E R .  LUNGS MARROW YELLOW REO 
t INTESTINE LARGE L bRCE HARROW MARROW 

INTESTINE I L T E S T  INE 

H3 

BE7 

c11 

C 14 

N13 

01 5 

F 1 8  

NA22 

N d 2 4  

MG3R 

AL28  

P37 

P 3 3  

535 

CL 3 6  

tL 38 

A 3 1  

A 39 

K 4 0  

K 4 2  

K 43 

t A 4 5  

CA47 

CA49 

SC 46 

0.0 0.0 0. c 0.0 

0.278E 09 d 3 5 8 E  09 0.259F 09 0.278E 

0.577F 10 0.742E LO 0.536E 10 0.577E 

0.0 0.0 0.0 0.0 

0.577F 1 0  0.742E 10 0.536E 10 0.577E 

0.578E 10 0.793E 10 0.537E 10 0.578E 

0.559F 10 0.719E 10 0.520E 10 0.559E 

0.149E 11 d 1 6 4 F  11 0.129E 11 0.158E 

0.247E 11 0.291E 11 0.246E 11 0.35tlE 

0.939F 1 0  0.948E 1 0  0.789E 10 O.1OlE 

0.135F 11  0.135E I 1  0.112E 11 0.148E 

0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 

0 .o 0.0 0.0 0.0 

0.319E-04 0.449E 03 0.349E 00 0.609E 

0.903F 10 0.106E 11 0.891E 10 O.1ZYE 

0.188F-02 0.265E 05 0.206E 02 0.359E 

0.0 0.0 0.0 0.0 

O.118E 10 0.118E 10 O.58lE 09 0.130E 

0.208E 1 0  0.208E 10 0.173E 10 0.229E 

0.557E 10 0.711F 10 0.517E 10 0.557E 

0 .o 0.0 0.0 0.0 

0.791F 10 0.7.%E 10 0.659F 10 0.863E 

0.450E I 1  0.166E 11 0.237E 11 0.280E 

0.125F I 1  O.l l6E 11 0.107E 11 0.125E 

0.0 0 .o 0.0 0.0 

09 0.259E 09 0.318E 0 9  0.298E 09 0.338E 

10 0.536F 10 0.659E 10 0.618E 10 0.701E 

0.0 0 .o 0.0 0.0 

10 0.536E 10 0.659E 10 0.619E 10 0.701E 

10 0.537E 10 0.660E 10 0.61YE 10 0.702E 

10 0.520E 10 0.639E 10 0.600E 1 0  0.679E 

11 0.138E 11 0.133E 11 0.143E 11 0.163E 

11 0.266E 11 0.235E 11 0.274E 11 G.300E 

11 O.833E 10 0.787E 10 0.865E 10 0.980E 

11 0.125E 11 0.102E 11 O.122E 11 0.138E 

0 .o 0.0 0 .o 0.0 

0.0 0.0 0 .o 0 .o 

0.0 0.0 0.0 0 .o 

00 0.727E 0 2  0.259E 00 0.189E 0 1  0.179E 

11 0.967E 10 0.850E 10 0.993E 10 0.109E 

02 0.429E 0 4  0.153E 02 0.112E 0 3  O.lO6E 

0.0 0.0 0 .o 0.0 

10 O.llOE 10 0.895E 09 O.107E 10 0.121E 

10 0.193E 10 0.158E 10 O.188E 10 0.214E 

10 O.515E 10 0.635E 10 0.596E 10 0.675E 

0.0 0 -0 0.0 0 .o 

10 0.725E 10 0.616E 10 0.718E 10 0.815E 

11 0.215E 11 0.205E I 1  0.237E 11 0.237E 

11 0 - 8 9 2 E  10 0 - 1 2 9 E  11 0.116E 11 0.129E 

0.0 0.0 

09 0.437E 09 0.459E 

10 0.505E 10 0.951E 

0.0 010 

10 0.9066 10 0.951E 

10 0.907E 1 0  0.9526 

10 O.@78E 10 0.922E 

11 0.188E 11 0.197E 

11 0.314E 11 0.333E 

10 G - l l O E  I 1  0.115E 

I1 O.148E 11 0.155E 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0 3  0.3496 03 0.429E 

I1 0.114E 11 0.1216 

05 0.206E 05 0.253E 

0.0 0.0 

10 0.130E 10 0.136E 

10 0.229E 10 0.239E 

10 0.872E 10 0.916E 

0.0 0.0 

10 0.881E 10 0.922E 

11 0.237E 11 0.2596 

11 0-152E I 1  0.161E 

0.0 

C 9  0.418E 0 9  

10 0.866E 10 

0.0 

10 0.866E 10 

1 G  0.867E 10 

10 0.839E 1 0  

11 O . 1 8 O E  11 

11 0.296E 11 

11 0.104E 11 

11 0.1416 11 

0.0 

0 .o 

0.0 

0 3  0.269E 03 

11 0.108E 11 

05 O.159E 05 

0.0 

10 0.124E 10 

10 0.21FE 10 

10 0.8336 10 

0.0 

10 0.840E 10 

11 0.216E 11 

11 0.138E 11 

'Contributions o f  radioact ive daughter products are not included. 



60 3Lb8-O 53 

01 3bES'O 01 

80 306L'O 83 

01 35SE'O 01 

01 3LEB.O 01 

OK 396L-0 01 

01 3881'0 01 

0'0 

32L6'0 

301 9'0 

3858'0 

3S5E.O 

3235'0 

3918'0 

391 2'0 

0'0 

60 3E16.D 60 3SES'O 50 

31 39LS'O 01 368E.0 01 

80 39'13'0 80 3625'3 80 

01 39LE'O 01 380E'O 01 

01 3268'0 01 3859'0 01 

01 3'1EB'O 01 3639'0 01 

01 3202'0 01 3811'0 01 

0 '0 0'0 

3293.0 

41tE'O 

3093'0 

3ZLZ.O 

3085'0 

3ELS'O 

3E01'0 

0'0 

60 d8ES'O 60 3SEE'O 60 

01 3EIE'O 01 406Z'O 01 

80 3zsc-o a3 ~ZSE-O eo 

01 3212.0 01 Ic8'1Z.O 01 

01 3265'0 01 38L3.0 01 

01 3119'0 01 jS63'0 01 

01 3101'0 60 3ILL-0 60 

0'0 0'0 

38EC'O 

334E.0 

37E9-0 

36LZ.O 

41ws-0 

46EI;'O 

354b'O 

0'0 

60 392'r.O 

01 360E'O 

RO 351'1'0 

01 30f2'0 

01 302s-I 

01 4863'0 

60 3826'0 

0 '0 

60 356E.0 60 36t)E'O 

VI 4YEE'O 01 36ZE'O 

80 303C'O 80 410'1-0 

01 3LIE-0 01 449L-0 

01 3E19-0 01 JV'1S'O 

01 3L89.0 01 4t)t.S-0 

60 3956'0 60 3606'0 

0 '0 0'0 

01 3ESF'O 01 488E'O 01 3OLE-0 01 3982'0 01 3252'0 01 3692'0 01 3612'0 01 35E2'0 01 3612'0 01 3EOE'O 01 3SEZ'O 

01 4103'0 31 3593'0 01 36iC'O 01 3FLE.3 01 3SEE-0 01 3ELE-0 01 4852'0 01 365€'0 01 480E'J 01 3YliE.O 01 364t'O 

01 3L91-0 01 3E81'0 01 33L1'0 01 39E1'0 01 3021'0 01 3LZl.O 01 3501'0 01 3F11.0 01 3C01'0 01 3€+1'0 01 3E11'0 

0'0 0'0 0'0 0'0 0'0 0'0 0'0 0 '0 3 '0 0'0 0'0 

11 3fE1-0 11 3CS1'0 11 

11 3981'0 11 3602'0 11 

01 3969'0 01 366L'O 01 

01 32S1'0 01 38Ll'O 01 

11 3592'0 11 300E'O 11 

01 3988.0 31 3956'0 01 

SO 3568'0 90 3E31'0 90 

01 30S9'0 01 3221'0 01 

3S+1'0 11 3911'0 11 

3651'0 11 36Ll'O I1 

39SL'O 01 3SE9'0 01 

3591'0 60 3LLL'O 60 

3382'0 11 3652'0 11 

3L36-0 01 3'138'0 01 

3911'0 SO 3965'0 EO 

3589'0 01 3853'0 01 

3E01'0 

3651'0 

319S'O 

3889'0 

39EZ'O 

3 63 1'0 

36Z9'0 

38E'r'O 

11 3801'0 01 3lb8'O 11 

11 3251'0 11 3931'0 IT 

01 3LZ9.0 01 3133'0 01 

60 3919'0 hO 3SBf'O 60 

11 3022'0 I1 3LlZ'O 11 

01 3LZL.O 01 39L9-0 01 

20 3198'0 SO 32'12'0 'EO 

01 39SC'O 01 3L9t.0 01 

3011'0 

3391'0 

3RhS.0 

39HS-0 

3082'0 

3098 '0 

3202'0 

3013'0 

01 31'15'0 I1 

11 39'11'0 11 

01 4815'0 01 

60 3865'0 60 

11 3L12.0 11 

01 3067'0 01 

EO 3911'0 90 

01 338E'O 01 

3SO1.O 11 3L01'0 

3691'0 I1 3911'0 

3L8S-0 01 3865'3 

3109'0 60 39t9.0 

36'iZ'O 11 3OLL'O 

316L'U 01 4818'0 

3631'3 10-3901'0 

JS6'1'0 01 3OOC'U 

11 3661'0 11 3812'0 11 3602'0 I1 31R1.0 11 3091'0 11 3Lf1'0 11 3547'0 11 3RL1-0 IT 33'11'0 11 3281'0 IK 3191'0 

60 3lZE.O 60 33LE'O bO 32SE'O 60 3902'0 60 38L1.0 60 3691'0 60 4621'0 60 3hq1.0 (50 3f91-0 60 4141'0 60 3051'0 

0'0 0'0 0 '0 0'0 0'0 0' 0 0'0 0 '0 0'0 0 '0 0'0 

01 3511'0 01 32El'O 01 3321'0 60 392L'O 60 3129'0 60 3565'0 60 3CSf'O 60 3565'0 60 38LS'O 60 39tS'O 60 jBZS'0 

4N11\31Y1 4NIlS3lNI 
MO88VW no 88VW 33891 338Vl 3NIlS3LNI 

038 MOll3A MOII8VW S3Nnl 83AIl SA3NUlX 83M31 W3ddn 11VWS H3VWUlS 84UUV 18 

03nNIlN03-INOIS83~WI 81V) SNV3UO Sn018VA 01 31V8 3S00 NDlCHd 

(panuriuo3) 8-E mvi 

L9V3 

69NL 

W6YN Z 

59NZ 

C9113 

E9 IN 

94IN_, 

0YU3 

8SU3 

LSU3 

9603 

6433 

SSjj 

2534 

34NW 

ZLNW 

WZSNW 

1513 

6.13s 

1'135 

30 Il311N 



TABLE 3-8 [continued) 

PHOTON DOSE R A T E  TO VARIOUS ORGANS ( A I R  IHMERSIONJ-CONTINUE0 

NUCLIDE 

BRBOM 

B R 8 0  

RR 8 2  

8R83 

8R84 

KR 7 9  

K R 8 3 M  

KR 8511 

KR8S 

KR87 

KR 88 

R I384 

Re86 

RR 88 

R 889 

RR90 

Sa85 

SR87M 

SR 8 9  

SR9O 

SR9 1 

SR92 

9793 

787 

78 R 

V 9 0  

BLADMR STOMACH SHALL ’ UPPER LCYER KIDNEYS L IVER LUNGS MARROW YELLOW REO 
INTESTINE LARGE LLRGE HARROh MARROW 

INrESTINE I h T E S T I N E  

0.191F 08 0.239E 08 0.103E 08 0.143E 08 0.767E 07 0.327E 08  0.220E 

0.4786 09 0.612E 09 O.443E 09 00478E 09 0.444E 09 0.543E 09 0 -511E 

Oo170F 11 0.179E 11 0.148E 11 0.175E 11 00142E 11 0.168E 11 0 - 1 6 4 E  

0.417F 0 8  0.5466 08 0.388E 08 0.417E 08 0.394F 08 0.477E 08 0.447E 

0.157E 11 0.113E 11 0.115E 11 0.149E 11 0-llOE 11 O. l l4E 11 0.123E 

00129E 10 0 - 1 5 6 E  10 0.123E 10 0.132E 10 0-116E 10 0.145E 10 00139E 

0.434F 0 5  O.ZZlE 06 0.28SE 05 0.324E 05 0.558E 06 0.911E 05 O.690E 

0 -740F  09 0.751E 09 0 .E lOE 09 0.8336 09 0.636F 09 00833E 09 0.879E 

0.116F 08  O.1SOE 08 O. lO8E 08 0.116E 08 0.108E 08 0.133E 08 Oo125E 

0.453E 10 0.530E 10 0.441E 10 0.597E 10 0.452E 10 0.465E 10 0.495E 

O - l l l E  11 0.134E 11 O.116E 11 0.169E 11 0.121E 11 0.115E 11 0.130E 

0.533E 10 O1542E 10 0.468E 10 0.539E 10 0.41LE 10 0.566E 10 0.515E 

0.589E 09 0 - 5 4 7 E  09  0 -505F  09 0.589E 09 00421E 09 0.610E 09 0.547E 

0.397F 10 0.446E 10 0 -394E 10 0.569E 10 0.401E 10 0.399E 10 0.439E 

0-156E 11 0 0 1 5 9 E  11 0.139E 11 0.184E 11 00139E 11 0.143E 11 0.152E 

0.310E 11 0.141E 11 0.179E 11 0.214E 11 0.16ZE 11 0.166E 11 0.183E 

0.289E 10 0.37lE 10 0.268E 10 0.289E LO 0.269E 10 0.330E 10 0.310E 

0.186E 10 0.24OE 10 0.173E 10 O.1Y6E 10 0.173E 10 0.213E 10 O.ZOOE 

08 0.300E 08  0.965E 0 8  O.11lE 

0 9  0.579E 09 O.?4bF 09 0.784E 

11 0.185E 11 0.219E 11 0.230E 

08 0.513E 0 8  0.674E 08 0.711E 

11 0.131E 11 O.14OE 11 0.150E 

1 0  0.158E 10 0.215E 10 0.227E 

05 0.320E 0 6  0.147E 0 7  0.175E 

0 9  O.102E 10 0.174E 10 0.185E 

08 0.141E 08 0.183E 0 8  0.192E 

10 0.542E 10 0.607E 10 0.643E 

11 0.141E 11 O.152E 11 0.162E 

10 0.577E 10 0.693E 1 0  0.732E 

0 9  0.610E 09 0.716E 04 0.758E 

10 0.474E 10 0.502E 10 0.535E 

11 0.168E 11 0.185E 11 0.195E 

11 0.187E 11 0.194E 11 0.210E 

10 0.351E LO 0.454E 10  0.477E 

10 0.226E 10 0.293E 1 0  0.307E 

0.0 0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 

0.457F 10 0.492E 10 00402E LO 0.465E 10 0.380F 10 0.47LE 10 0.448E 10 0.504E 10 0.608E 10 0.641E 

0.948E 10 00951E 10 00788E 10 0.104E 11 0.878E 10 0.722E 10 0.8596 10 0.975E 10 0.105E 11 O - l l O E  

0.918E 10 0.999E 10 O.El6E LO 0.939E 10 0.776E 10 0.9466 10 0.909E 

0,263F 10 0.33AE 10 0.244E 10 0.263E 10 0.244E 10 0.300E 10 0.282E 

0.148F 11 0.174E 11 0.152E 11 0.216E 11 0.151F 11 0.159E 11 0.169E 

0 .o 0. 0 0.0 0.0 0.0 0.0 0.0 

0 0.103E 11 0.126E 11 0.133E 

0 0.319E 10 0.413E 1 0  0.434E 

1 0.184E 11 0.198E 11 O.211E 

0 .o 0.0 0.0 

09 0.808E 08 

09 0.713E 09 

11 0.205E 11 

08 0.641E C8 

11 0.129E 11 

10 0.204E 10 

0 7  O.118E 07 

1 C  0.161E 10 

08  0.175E C8 

10 0.569E 10 

11 0.142E 11 

1 0  0.640E 10 

C9 0.652E C 9  

10 0.466E 10 

11 0.172E 11 

11 0.177E 11 

10 0.434E 10 

10 O.28OE 10 

0.0 

0.0 

0 0.570F 10 

1 0.100E 11 

11 0.119E 11 

1 0  0.395E 10 

11 0.183E 11 

0.0 

W 
1 
w 
v 
0 



v i i c L  I D E  

Y91H 

Y91  

Y 97 

Y 93 

2 R95 

7 R 9 7  

NR95M 

NE95 

NR97M 

NR97 

H 0 9 9  

TC99H 

T t 9 9  

R11103 

R I l l O 6  

RHlO3N 

RH105 

R H l O 6  

PD 10 3 

AGl10M 

AC.111 

t n i i i H  

t D 1 1 3 M  

c n i i 5 ~  

I N 1  13M 

I N 1  14H 

TABLE 3-8 (continued) 

PHCITON OOSE RATE TO VARIflUS ORGANS ( A I R  ICMFRSIONI-CONTINUFO 

RLADnFR STOMACH SMALL UPPFR LCWER KIDNEYS L IVER LUNGS MAPROW YELLOW R F O  
INTFSTINE LARGE LARGF MARRCW MARRDW 

INTFSTINF IhTEST INE 

0.79% 10 0.380E 1 0  0.274E 13 0.295E 10 0.274F 10 0.337E 10 0.317E 10 0.359F 10 0.463F 1 0  0.487F 10 0.443E 10 

0 .183~  08 0 . 1 8 3 ~  08  0 . 1 5 2 ~  08 0 . 2 0 1 ~  08 0 .170~  08 0 . 1 3 9 ~  08 0.166~ o e  0 . 1 8 8 ~  08  0 . 2 0 1 ~  o a  0 . 2 1 0 ~  08  0 . 1 9 2 ~  0 8  

0.160F 1 0  0.159F 10 0.138E 10 O- lbBE 10 G.130F 10 0.154E 10 0.151F 10 0.1695 10 0.1S5E 10 0.205E IC O.18IE 10 

0.409F 09 0.458E 0 9  0.415F 09 0.53% 09 0.391E OS 0.436F 09 0.460E 0 9  0.510E 09 0.641F 0 9  0.681E C9 0.595E 0 9  

0 . 4 3 4 ~  i o  0 . 4 6 6 ~  i o  0 .385~  i o  0 . 4 3 4 ~  i o  0 . 3 4 8 ~  i o  0 . 4 6 8 ~  i o  0 . 4 2 8 ~  i o  0 . 4 8 1 ~  i o  0 . 5 9 0 ~  i o  0 . 6 2 2 ~  i o  0 . 5 5 0 ~  i o  

0.114F 1 0  C.177E 10 0.101E 10 0.122E 10 0.99% 0 9  0 - l l l E  10 0.112E 10 O.126E LO 0.149F 10  0.157E 10 0.140E 10 

0.170F 0 9  0 - 2 7 4 E  O S  C.295E 09 0-304E 0 9  0 - 2 3 2 F  09 0.304E 09 0-320E C9 0.371E 09 0.6?2E 0 9  0.673E C9 0.587F 0 9  

0.475F 1 0  0.441E 10 0.407E 10 0.475E 1 0  0.339F 10 0.492E 10 0.441E 10 0.492E 10 0.577F 1 0  0.611E 10 0.526E 10 

0.413F 1 0  0.531E IO 0.3E4E 10 0.413E 10 0.3.54E 10 0.472E 10 0.443E 10 0.502E 10 0.648F 1 0  0.681F 10 0.620E 10 

0.37AF 10 0.482E 10 C.350E 10 0.376E 10 0 -349E 10 0.429E 10 0.403E 10 0.457E 10 0.588E 1 0  0.618F LO 0.562E 10 

0.914F 0 5  0.107E 10 0.841E 09 0.Y21E 09 0.793F 0 9  0.102E 10 0.952E C 9  0.108F 1 0  C.140E 1 0  0.148E 

0.656F 09 0.616E 0 9  0.616F OY 0.603E 09 0.448F 0 9  0.696F 09 0.709F 0 9  0.800E 0 9  0.171E 1 0  0.1.545 

0.0 0.0 0.0 0.0 0.0 0 .o 0 .o 0.0 0.0 0.0 

0.273F 1 0  0.351F 10 0.253E 10 0.273E 10 0.253E 10 0.312E 10 0.292E 10 0.331E 10 0.429E 10 0.450E 

0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 0.0 

0 0.132E 10 

0 0.158E 10 

0.0 

0 O.4lOE 10 

0.0 

0.128F 0 6  0.414E 06 0.856E 05 0.148F 06 0.333F 0 6  0.885E 06 0.313F 06 0.491E 0 6  0.315E 07 0.373E 0 7  0.257F C7 

0.369F 09 0.375E 0 9  C.4C3F 09 0.415E 09 0.317E G9 O.415E 0 9  0.438F 0 9  0.507F 0 9  0.865F 0 9  0.92CE C9 0.802E 0 9  

0.lC6F 10 0.134F 1 0  0.S82F OY 0.107E 10 0.974E 09 0.12OE 10 0.113F 10 O.128E 10 0.165E 10 0.173E LO 0.157E 10 

0,722F 

0.173E 

0.145F 

O.lS6E 

0.161F 

0.719F 

0.143F 

0.397F 

0 7  0.959E 0 7  0.671F 07 0 .73YE 0 7  0.634F 0 7  0.933E 0 7  

11 0.183F 11 0.151E 11 0.171)E I 1  0.146E 11 0.171E 11 

09 0.147E 0 9  0.158E 09 O.lb2E 09 O.124E 09 0.163E 09 

10 0.193E 1 0  0.202F 10 0.205E 10 0.161E 10 O.216E 10 

0 7  0.164F C7 O.175E 0 7  0 . l t l l E  0 7  0.138F 0 7  0.183F 0 7  

0 9  0.213F 0 9  C.186F 09 0.228E 0 9  0.177F 09 0.20ZE 09 

10 0.183F 10 0.133E 10 0.143E 10 0.133F 10 0.163E 10 

09 0.474F OS 0.292E 09 O . C l 5 E  09 0.359F 09 0.456E 09 

0.880E 

0.167E 

0.172E 

0.225E 

0.1S2E 

0.202E 

0.153E 

0.443E 

0 7  0.105E 08 0.265E 0 8  0.285E C8 0.227E 08 

11 O.18EE 11 0.223E 11 0.235E 11 0.210F 11 

0 9  0.199E 09 0.339F 0 9  0.361F 0 9  0.315E t 9  

10 0.258E LO 0.481E 10 0.514E 10 0.445E 10 

C7 0.222E 07 0.387E 0 7  0.413F 0 7  0.358E C7 

09 0.227E 09 0-258E 0 9  0.272E C 9  0 -240E 09 

10 0.173E 10 0.224E 10 0.235E 10 0.214F 10 

09 0 . 5 0 8 ~  09 0 . 7 5 4 ~  os 0 . 7 9 9 ~  09 0 . 7 0 8 ~  09 



TABLE 3-8 (continued) 

PHOTON DOSE RATE TO VARIOUS ORGANS ( A I R  IMMERSIONI-CONTINUE0 

NIICLI~E BLAOOER STOMACH SMALL UPPER LCWER KIDNEYS L I V E R  LUNGS MARROW YELLOW R E O  
INTESTINE LARGE LARGE MARROW MARROW 

I N T € S T I  NE I hTESTINE 

I N 1 1 4  

1N115M 

SN113 

SN 1 1 9 M  

SN123 

SN125 

S R  122 

S E I 2 4  

0.17lE 

0.628E 

0.244E 

0.659E 

o.n 

0,189E 

O.234E 

0.121E 

08 0- 178E 08 0.144E 08 0.105E 

09 0.640E 09 00685E 09 0-706E 

08 0.288E 08  0.262E 08 0.277E 

07 0.886E 0 7  0-356E 07 0,510E 

0.0 0.0 0.0 

10 O.188E 10  O.17OE 10 0.209E 

10 0.298E 10 O.i l7E 10 0-234E 

11 0.135E 11 0-107E 11 00132E 

08 0.158E 

09 0,540E 

08 0.246E 

07 0.343E 

0. 0 

10 0.151E 

10 0.216E 

11 O.114E 

0 8  0.14OE 08 0.159E 

09 0.712E 09 0,746E 

08 0.385E 08 0.315E 

07 0.137E 0 8  0.817E 

0.0 0 .o 

10 0.196E 10 0.185E 

10 0.267E 10 0.250E 

11 0 , l l l E  11 O.119E 

08 O.18OE 08 O.ZO7E 08 0.217E 

09 0.865E 09 0.149E 10 0.159E 

08 0.382E 08 0.594E 0 8  O . l l l E  

07 0.1126 08  0.416E 08  0.482E 

,o.o 0.0 0.0 

1 0  0.206E 10 0.238E 1 0  0.252E 

. lo 0.283E 10 0.365E 1 0  0.383E 

11 0.134E 11 0.155E 11 0.163E 

08 O.196E 08 

10 0.138E 10 

C9 0.870E 08 

08 0.347E 08 

0.0 

1 0  O.Zl8E 10 

10 0.348E 1 0  

11 0.148E 11 

SR125 0.241E 10 01307E 10 0.224E 10 0.241E LO O.222E 10 O.277E 10 0.259E 10 0.295E 10 0.394E . l o  0.415E 1 0  0.374E 10 

SR127 0.381E 1 0  00456E 10 0.350E 10 0.383E 10 0.336F 10 0.425E 10 00398E 10 0.450E 10 0.579E 1 0  0.609E 10 01548E 10 

TE123M 0.647E 09 O.66OE 09 0.697E 09 0.721E 09 0.547E 09 0.739E 09 0.767E 0 9  0.893E 09 0.156E 1 0  0.167E 10 0.144E 10 

TE125M 0.460E 08  0.551E 08 0.250E 08 0.346E 08 0.176s 08 0.781E 08 0.528E C8 0.708E 08 0.226E 09 0.259E C 9  0.190E 0 9  

TE127M 0.115F 0 8  0.138E O B  0.622E 0 7  0.861E 07 0.436E 0 7  0.196E 0 8  0.132E 08  0.177E 08  0.566E 08 0.650E 08 0.475E 08 

T F 1 7 7  0.226E 0 8  0.788E 08 0.212E 08 0.227E 08 0.209E 08 0.259E 08 0.244E C 8  0.277E 08  0.366E 08  0.385E C 8  0.349E 08 

TE129M 0.180F 09 O.ZZ7E 09 0.162E 09 0.177E 09 0.159E 09 0.210E 09 0.192E 09 0.220E 09 0.313E 09 0.334E C9 0.2936 09 

TE129  0.358E 09 0.429E 09 C.328E 09 0.359E 09 0.313E 0 9  0.404E 09 0.376E 09 0.427E 09 0.570E 09 0.603E 0 9  0.536E 0 9  

TE131H 

T E 1 3 1  

TF132  

1123  

1124 

I 1 2 5  

1126 

I129 

0.856E 

0,240E 

0.961s 

0.724F 

0.662E 

0.521E 

0.241F 

0.312E 

10 0.839E 

1 0  & 2 5 1 E  

09 O1981E 

09 0.758E 

LO 0.787E 

O @  L 6 3 0 E  

1 0  0,307E 

08  0,377E 

10 0.75% 10 0.906E 

10 0.215E 10 0.23LE 

09 0.104E 10 O.lO8E 

09 0.763E 09 0.795E 

10 0.600E 10 0.714E 

08 0 . 2 7 6 ~  OB 0 . 3 8 8 ~  

10 0.223E 10 0.241E 

C8 C.165E 08 0.233E 

10 0-674E 10 0 -866E 10 O-BZ8E 10 0.9276 

10 Oi192E 10 0-256E 10 0-242E 10 0.273E 

10 0.8246 09 0.109E 10 0.114E 10 0.132E 

09 0 -611E 09 0.834E 09 0.851E 09 00990E 

10 0.623E 1 0  0.670E 10 0.680E 10 0.768E 

08 0.192E 08  0.898E 08 0.600E C 8  0.809E 

10 01222E 10 0.274E 10 0.257E 10 0 -292E 

08  0.115E 0 8  0.538E 08 0.360E 08 0.485E 

10 0.112E 11 0.119E 

10 0.396E 10 0.421E 

10 0.231E 10 0.245E 

09 0.173E 10 O . l @ 5 F :  

10 0.9336 1 0  0.981E 

08  0.261E 0 9  0.299E 

10  0.380E 10 0.400E 

08 0.156E 0 9  0.179E 

11 O.lO4E 11 

10 0.368E 10 

1 0  0.213E 10 

1 0  0.159E 1 0  

1 0  O.889E 10 

0 9  0.219E 0 9  

1 0  0.362F 10 

C 9  0.131E 09 

I130 O.ll6E 11 0.145E 11 0-107E 11 Oo115E A 1  0-105E 11 0.131E 11 0.123E 11 0.139E 11 0.181E 11 0.190E 11 0.172E 11 

1131 0,212E 10 0.270E IO 0.198E 10 O.213E 10 O.lS6E 10 0.242E 10 0.228E 10 0.259E 10 0.341E 1 0  0.358E 10 0.325E 10 

W 

+ 
4 
N 



TABLE 3-8 (continued) 

PHOTON OOSE RATE TG VARICUS ORGANS ( A I R  IMMERSIONJ-CONTINUED 

NUCLIQE R I  ADDFR STOMACH SMALL UPPFR LCWER KIDNEYS L IVER LUNGS M A R R O ~  YELLOW REO 
INTESTINE LARLE LARGE MARROW HARROW 

INTFSTINE IhTEST INF 

1 1 3 7  0.13hF 11 0.149E 11 0.121E 11 0.139E 11 0.114E 1 1  0.143F 11 0.135E 11 0.152E 11 0.186F 11 0.196E 11 0.174E 11 

1173 0.197F 1 0  0.474E 10 0.359E 10 0.403E 10 0 -357E 10 0.426E 10 0.408E 10 0.462F 10 0 -577E 10 0 - 6 0 6 E  10 0.548F 10 

I 1 3 4  

1 1 3 5  

I l 3 h  

XF131M 

XF 1 3 3 M  

XF133 

XF 135M 

XF 1 3 5  

XF137 

XE l3R 

0.150F 11  0.146F 11 0.129E 

0.122F 1 1  0.170E 11 0.103E 

0.191F 11 0.195E 11 C.169F 

0 .357~  n e  0 . 4 0 3 ~  O R  0 . 7 7 7 ~  

0.131F OF 0.137E 0 9  0.131F 

0.175E 09 0.170E 0 9  0.157F 

0.741F 1 0  0.309F 10 C.724F 

0.117E 1 0  0.121F 10 0.126E 

0.105F I C  0.129F 10 0.S72E 

0.468F 10 0.534E I C  C.455F 

11 0.152E 11 

11 0.130E 11 

11 0.232E 11 

08 0.32%E 08 

09 0.139F 09 

09 0.15ME 09 

10 0.741E 10 

10 0.13lf 10 

09 O . 1 1 l E  10 

10 0.603E 10 

0.1 14E 

0.105E 

O.181E 

0.204F 

O.lO2E 

0.125E 

0.223E 

0.101F 

0.S82F 

C.470E 

11 0.152E I 1  0.141E 11 0.158E 11 O.185E 11 0.196E 

11 0.104E 11 0.112F 11 0.126E 11 0.139E 11  0.146F 

11 0.160E 11 0.185F 11 0.204E 11 0.219E 1 1  0.231E 

0 8  0.5286 08 0.417E 08 0.529E 08 0.140E 0 9  0.157E 

C9 0.160E 09 0.155E 09 0.184E 09 0.365E 09 0.3S8E 

0 9  0.198F 09 O . l S 1 E  C 9  0.220F 09 0.502F 0 9  0.548E 

10 0.275E 10 0.258F 10 0.293F 10 C.3eOE 1 C  0.399E 

IO 0.132F 10 0.138F 10 0.159E 10 0.267E 1 0  0.284E 

0 9  0.114E 10 O . l l l E  10 0.125F 10 0.155E 1 0  O.163E 

1 0  0.453E 10 0.506F 10 0.564E 10 0.672E 1 0  0.711E 

11 0.171E 11 

11 0.131E 11 

11 O.206E 11 

C9 0.120F 0 9  

C Y  0.329E 0 9  

C9 0.455E C 9  

10 0.363E 10 

10  O.248E 1 0  

10 0.148F 10 

10 0.632E 10 

C C 1 3 4  0.9?1F 10 O.lO1E 11 O.€27F: 10 0.935E 10 C.760F 10 0.998E 10 0.922E 10 0.104E 11 O.127E 11 0.134E 11 0.119E 11 

CS135  0.0 0.  n 0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 

C S l 1 6  0.131F 1 1  0.124E 11 C.115E 11 0.134t 11 0.991F 10 0.132E 1 1  0.124E 11 0.140E 11 0.171F 11 O.181E 11 0-157E 11 

CC137 

C t 1 3 8  

C S 1 3 9  

f i A l 3 3  

R A l 3 7 H  

RA139 

RA140 

I p i 4 0  

C F 1 4 1  

C F 1 4 1  

CF144  

0.0 

0.142F 

0.156E 

0.1 R7E 

0.317E 

0.767F 

0. 106F 

0.160E 

0.384F 

0 .154~  

0.87hF 

n. o 0. c 0.0 0 .o 0 .o 0 .o 

11 0.152E 11 0.128E 11 0.172E 11 0.135E 11 0.126F 11 0.141F 

1 0  0.156E 10 0.134F 10 O.LS2E 10 0.144E 10 0.126E 10  0.147E 

10 0.720F 10 0.173F IO 0.184E 10 0.162F 10  0.209E 10 0.199E 

10 0.407E 10 C.294F 10 0.317E 10 C.2S4E 10 0.3h2E 10 0.340F 

09 0.771F 09 C.277E 09 C.299E 09 C.232E 09 O.282E 0 9  0.302F 

10 0.133F 10  0.599E 09 0.107t  10 0.971E 09 0.121F 10 O . 1 1 5 E  

11 0.164F 11 0.137E 11 O. l l6E 11 0.145E 11 0.136E 11 0 .15OF 

09 0.363E 09 0.358E OY 0.352F 09 0.289F 0 9  0.413E 09 0.416E 

10  0.165F 10 0.15OF 10 0.162E 10 0.128E 1 G  O.172E 10 0.167F 

O P  0.837E O R  O.@O5F 08 0.79dt 08 0.649F 0 8  0.959E 08  0.951F 

0.0 0.0 0.0 

11 0.157E 11 0.171F 11 O . 1 8 O E  

10 0.162E 10 0.173E 1 C  0.183F 

10 0.228E 10 0.343F 10 0.365E 

10 0.385E 10 0.499F 1 0  0.524E 

C9 0.349E 09 0.565F 0 9  0.601f 

10 0 .130E 10 0.177' 1 C  O.18hE 

11 0.170E 11 0.191F 11 O.2OOE 

09 0.472E 09 0.1OZF 10 O . 1 l O E  

10 0.192E 10 0.295F 1 C  C.314E 

C8 0.108E 09 0.24OF 09 O.26OE 

' 0.0 

11 0.161F 11 

10 0.164E 1 0  

10 0.322F 10 

10 0.476E 10 

C9 0.525E C9 

10 0.168F. 10 

11 0.18lFr 11 

10 0.938F C 9  

10 0.272E 10 

CS 0.219F 09 

w 
w 
U 
w 



TABLE 3-8 (continued) 

PHOTON DOSE RATE TO VARIOUS ORGANS (AIR IMMERSION)-CONTINUED 

NUCLIDE RLAOOER STnMACH SMALL UPPER LCYER KIONEYS L IVFR LUNGS MARROW w u a u  REO 
INTESTINE LARGE LARGE HARROW MARROW 

I NTESTI NE I hTEST INE 

P R 1 4 3  

PR144 

NO147 

P M l 4 7  

PM 14RM 

PHI48 

S M l  5 1  

FU 1 5 4  

EO155 

EU156 

GO 162 

1 8 1 6 0  

TA182 

Y185 

WL87 

AU195M 

AU195 

A11198 

AU199 

H6197 

HC.203 

TI 7 0 4  

T I  208 

TL710 

PR204H 

PR710 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.172E 09 0.214E 0 9  0.172E 09 0.232E 09 O.181E 09 O.180E 0 9  0.194E 

0-7C7E 0 9  0.849E 09 0.659E 09 0-698E 09 0-620E 09 0.809E 0 9  0.768E 

0 .o 0.0 0. c 0.0 0.0 0 .o 0.0 

0.114F 11 0.138E 11 0.105E I 1  O.114E 11 0.101E 11 O.128E 11 0.119E 

0.431F 10 O.4SOE 10 0.368E 10 0.457E 10 0.383E 10 0.381E 10 0.406E 

Oa819E 03 0.443E 0 4  0-586E 03 O-lObE 04 O.292E 0 4  0.702E 0 4  0.235E 

0.841E 1 0  Q B S O E  10 0.722E 10 0.877E 10 0.7C8E 1 0  0.779E 1 0  0.794E 

0.309E 09 0.304E OS C.290E 09 0.288E 09 0.238E OF 0.337E 09 0.340E 

0.847E 10 0.913E 10 0.789E 10 0.104E 11 0.773E 10 0.844E 1 0  O.871E 

0.238E 10 0.306E 1 0  0-221E 10 O.238E 10 0.221E 10 0.273E 1 0  0.256E 

0.67% 10 0.642E 1 0  0.5BBE 10 0.691E 10 0.512E 10 0.677E 10 0.639E 

0-859E 10 0.835E 10 0.733E 10 0.902E 10 0,707E 10 0.781E 10 O.8OOE 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0 - 9 M E  09 0-118E LO 0-872E 09 0.932E 09 Oe857E 09 0.107E 10 0.1OlE 

0.905E 09 0.934E 09 C.S8lE 09 0.101E 10 0.777E 09 0.103E 10 O.lO8E 

O.i’S5E 09 0.369E 09 0.275E 09 0.297E 09 0.247E 0 9  0.377E 09 0.362E 

0.0 0.0 0.0 0.0 

0 9  0.214E 0 9  0.241E 0 9  0.255E 09 0.228E 09 

09 0 . 8 7 7 ~  09 0 . 1 3 8 ~  L O  0 . 1 4 7 ~  10 0 . 1 ~ 9 ~  i o  

0 .o 0.0 0.0 0.0 

ii 0.135~ 11 0,173~ 11 0 . 1 8 2 ~  11 0.164~ 11 

10 0.459E 10 0.523E 10 0.548E 10 0.445E 10 

0 4  0.424E 04 0.262E 05 0.312E 05  0.213E 05 

10 0.8966 10 0.107E 11 0.113E 11 0.100E 11 

C4 0.388E 09 0.L71E OF O.53SE C9 0.791E 09 

10 0.964E 1 0  O.lO8E 11 0.115E 11 O.LO1E 11 

10 0.290E 10 0.375F 10 0.394E 10 0.359E 10 

10 0.718E 10 0.881E 1 0  0.932E 10 0.809E 10 

10 0.903E 10 0.109E 11 O.115E 11 0.101E 11 

0 .o 0.0 0.0 0.0 

10 0.115E 10 O.16lE 1 0  0.170E 10 0.152E 10 

10 0.125E 10 0.222E 1 0  0.237E 10 0.205E 10 

09 0.435E 09 0.119E 10 0.129E 10 0.102E 10 

0.228E 

0 -4 37E 

0.206E 

0.111F 

0.3t9E 

0.179E 

0.2 17€ 

0.128E 

0.569f 

10 0.293E 

09 0.4-E 

09 0.275E 

10 0.113E 

0 7  0.444E 

11 0.230F 

05  0.291E 

11 0.125E 

0 7  0.786E 

10 C.212E 10 

09 0.471E 09 

0 9  0.193E 09 

10 0.121E 10 

0 7  C.3C7E 07 

11 0.192E 11 

05 0.202E 05 

11 0 . l l l E  11 

07 0.531E 07 

0.228E 

0.48 7~ 

0.213E 

0.124E 

0.341E 

0-276E 

0.224E 

L 1 2 8 E  

0.589E 

LO 0.212E 10 0.261E 10 0.245E 10 

09 0.374E 0 9  0.498E 09 0.520E 0 9  

09 0.177E 09 0.275E 0 9  0.262E 09 

10 0.950E 0 9  0.125E 10 0.132E 10 

0 7  0.284E 0 7  0.443E 0 7  0.42OE 0 7  

11 0.200F 11 0.197E 11 0.217E 11 

05 0.187E 05 0.291E 05 0.276E C5 

11 0.953E 10 0.134E 11 O.121E I 1  

07 0.534E 07 0.767E 0 7  0.727E C 7  

0.277E 

0.604E 

0 . 3 1 8 ~  

0.153E 

0.511E 

0.235E 

0.336E 

0. L36E 

0.905E 

10 0.360E 10 0.378E 10 0.343E 10 

09 0.109E 1 0  O.116E 10 0.100E 10 

09 0.908E 0 9  0.979E C9 0.767E 09 

10 0.266E 1 0  0.283E 10 0.245F 10 

07 0.148~ o a  0 . 1 5 9 ~  c8 0 . 1 2 5 ~  08 

11 0.2’57E 1 1  0.274E 11 O.241E 11 

05 0.972E 05 O . l C 5 E  06 C.819E 05 

11 0.162E 11 0.171E 11 0.149E 11 

0 7  0 .265~ 0 8  0 . 2 8 8 ~  08 0 . 2 2 3 ~  c a  

F 
v 
P 



TABLE 3-8 (continued] 

PHOTON DOSE RATE TC VARICUS ORGANS ( A I R  IMEFRSIONI-CONTINUFD 

NUCI. I O E  

P R Z l 2  

PR214  

A1210 

R 1 2 1 3  

A1714 

PO7 1 4  

PO218 

RN770 

RN723  

RA774  

a b 7 7 6  

R A27A 

AC738 

TH228  

TH730  

TH?3 1 

TH232  

TH234 

PA733  

PA234M 

PA734  

11232 

11733 

117 3 4  

11735 

l lZ3h 

RILAOOER STOMACH SMALL UPPER LCWER KIDNEYS L IVER LUNGS MARROW YELLOW RED 
INTESTINE LARGE LbRGF MARRClk MARROW 

INTESTINF IhTESTINE 

0.658F 09 0.685F 09 0.705E 09 0.72tiE 09 0.562F 09 0.751F 09 0.783E 0 9  0.910E 09 0.168E 10 0.179E 10 0.154E 10 

0.120F 10 0.142E 10  C.117E 10 O.124E 10 0.107E 1 0  0.136E 10 0.133E 10 0.152E 10 0.230E LO 0.244F 10 0.215E 10 

0.0 0.0 0. c 0.0 

O.687E OF 0.765E 0 9  0.605E 0 9  0.712E 09 

0.984F LO 0.107F I 1  O.E86F 10 0.114E 11 

0.693F 0 6  0.643F 0 6  O.L93E 06 O.692E 0 6  

0.577F 0 6  0.537F 0 6  0.491F 00 0.572t 06 

0.202F 0 7  O.26OF 0 7  0.188F 07 O - I O Z E  0 7  

0.770F 0 7  0.283E 0 7  0.205F 07 0.220E 0 7  

0.475F 08 0.480E C8 0.516E Od 0.530E 08 

O.31AF O R  0.171E 08 C.344E 08 0.352F 08 

0.407F 0 8  0.491F 0 8  0.215E 08 0 . 3 0 3 E  08 

0,467F 1 0  0.460F 10 G.406E 10 0.4MlE 10 

0 . 1 1 5 ~  0 8  0 . 1 1 7 ~  0 8  0 . 1 1 4 ~  OM 0.114~ oa 

0.137F 0 7  0.169F C7 0.133E 07 0.142E 0 7  

0.691F 0 8  0.677E 08 O.635E 08 0.634E 08 

0.358F 0 6  0.517E 0 6  C.337F 06 0.371E 06 

0.346F 08 0.333F C8 C.325E Od 0.320E 08 

0.951F 09 0.971F 09 C.598F 09 0 . L O Z F  10 

O.5RRF 08 0.55OF 0 8  0.50EF OH 0.587t  08 

0.177F I 1  O.ZOOE 11 0.175F 11 0.242F 11 

0.104F 0 7  0.121F 0 7  0.575E Ob 0.998F 0 6  

0.354F 0 7  0.367F C 7  C.371E 07 0.3ROE 07 

0.679F 0 6  0.790E 0 6  0.599F 06 0.619E 0 6  

0-7C2F 09 0.702F 0 9  0.745F 0 9  0.760E 09 

0.128F 0 6  0.748E 0 6  O.1ZIE 06 O.134E 0 6  

0.0 0.0 0.0 

0.610E 0 9  0.674E 09 0.676E 

0.916E 1 0  0.917E 10 0.982F 

0.494F 06 0.717E 0 6  0.643E 

0.4C9E 0 6  0.593E 06 0.532E 

0.188F 0 7  0.231E 0 7  0.217F 

0.205F 07 0.252E 0 7  0.236F 

0.4C6E 08 0.533F 08 0.562F 

0.271E 0 8  0.356E 08 0.375E 

C.150F 08  0.702E 08 0.469E 

0.372F 10 0.456E 10 0.445E 

0.946F 0 7  0.125E 0 8  0.129E 

0.143F 0 7  0.171F 0 7  O.168E 

0.545E 08 0.777E 08  0.758t  

0.580F 06 0.491E 0 6  0.467E 

0.266E 08 0.372E 08 0.377E 

0.804E 09 0.106E 10 0.1lOF 

0.424E 08 0.611E 0 8  0.552E 

0.174E 11 O . 1 8 Z E  11 0.195f 

0.121E 0 7  0.127E 0 7  0.122E 

C.318E 0 7  0.403E 0 7  0.416F 

0.856E 06 0.813E 0 6  0.764F 

0.590E 0 9  0.783E 09 0.818E 

0,431E 0 6  0.228E 06 0.184E 

0.0 

09 0.765E 09 

10 0 . l lOF  I 1  

0 6  0.717F 06 

C6 0.593E 06 

0 7  0.246E 0 7  

0 7  C.267E 0 7  

08 0.650E 08 

C8 0.433E 08 

08 0.632E 08 

10 0.501E 10 

08 0.148E 08 

0 7  O.21OE 0 7  

C8 O.881E 08 

06 C.672E 06 

08 0.429E 0 8  

10 0.127E 10 

C8 0.617E 08  

11 0.213E 11 

0 7  0.157E 07 

07 0.490E 0 7  

0 6  0.103E 0 7  

O S  0.944E 09 

0 6  0.348E 06 

0.0 

0. S24E 

0.124E 

0.840E 

0.695E 

0.318E 

0.346F 

0.112E 

0.752E 

0.204E 

0.619E 

0.298E 

0.563E 

0.203E 

0.222E 

0.940E 

0.223E 

0.755E 

0.242E 

0.440E 

0.565E 

0.309E 

0.170E 

0.143E 

0.0 0.0 

09 0.971F C9 0.M75E 

11 0.131E 11 0.117F 

06 0.890E 06 0.766E 

0 6  0.736E C 6  0.634F 

0 7  0.333E C7 0.304E 

0 7  0.363E 07 0.330E 

09 C.119E 09 0.104E 

08 0.801~ c e  0 . 6 ~ 8 ~  

09 0.234E C9 0.171E 

1 0  0.654E 10 0.573E 

08 0.320E 08 0.274E 

0 7  0.613E 07 0.483E 

09 0.221F C9 0.183E 

0 7  0.247E 0 7  0.185E 

08 0.101E C9 0.860E 

L O  0.238E 10 C.207E 

08 0.801F C8 0.690E 

11 0.257E 11 0.225E 

0 7  0.487E 0 7  0.381E 

0 7  0.104E 0 8  0.877E 

0 7  0.344E 0 7  0.264E 

10  0.181E 10 0.157E 

0 7  0.165E 0 7  0.117E 

09 

11 

06 

0 6  

c 7  

07 

09 

08 

0 9  

10 

C8 

0 7  

c9  

0 7  

08  

10 

C8 

11 

0 7  

0 7  

c 7  

10 

0 7  

w 
I 
c, 
U 
VI 



TABLE 3-8 (continued) 

PHOTON OOSE R A T E  TO VARIOUS ORGANS { A I R  IMMERSION)-CONTINUE0 

NUCLIDE RLADOER STOMACH SMALL UPPER LCYER KIONEYS LIVER LUNGS MARROW YELLOW R E O  
INTESTINE LARGE LARGE MARROk MARROW 

INTESTINE I NTEST INE 

u237 

U238 

U240 

NP237 

NP238 

NP239 

NP240M 

PU236 

PU238 

PU239 

PU240 

PU24 1 

PI1242 

PU244 

AM24 1 

AM 2 42 

AM243 

CM242 

CM243 

CU244 

CF252 

0.630E 09 G 6 4 2 E  09 0.632E 09 Oo643E 0 9  0.517E 0 9  0.706E 0 9  0-723E 09 0.835E 09 

0-258F 06 0.347E 0 6  0.243E 06 0.249E 06 0.488E 06 0.349E 0 6  0.315E 06 0.477E 06 

0.216F 0 7  Q322E 0 7  0.202E 07 0.224E 0 7  0.317E 07 0.314E 0 7  0.284E 07 0.397E 0 7  

0-408E 0 9  0.3%E 0 9  0.403E 09 O0402E 09 0.323E 0 9  0.443E 0 9  0.455E 09 0.520E 0 9  

0.34BE IO 0-323E 10 00298E 10 0.348E 10 0.248E 10 0.360E 10 0.323E 10 0.360E 10 

0-634E 0 9  0.627E 0 9  0.655E 09 0.663E 09 0.522E C9 0.699E 0 9  0.727E 0 9  0.836E 0 9  

00198E 10  0-227E 10 0-178E 10 0.203E IO 0.176E 10 0.204E 10 0.200E 10 00226E 10 

O.211E 0 6  0.348E 06 0.198E 06 0-209E 06 0.592E 06 0.3536 06 O.281E 0 6  0-496E 06 

0.905E 0 5  O.lQ7E 06 0.861E 0 5  0.914E 05 0.445F 0 6  0.177E 0 6  0.133E 06 0.302E 06 

0-691E 0 5  0.121E 0 6  O.576E 05 0.661E 05 0.190E 0 6  00123E 0 6  0.938E 05 0.171E 06 

O.993E 05 0.193E 0 6  0.942E 05 ,00996E 05 0.399E 06 0-178E 0 6  0.140E 0 6  0.289E 06 

0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0 .o 

0-575E 05 0.152E 06 0.549E 05 0.608E 05 01365E 0 6  0.132E 06 0.937E 0 5  0.236E 06 

0.0 0 . 0  0.0 0.0 0.0 0.0 0 .o 0.0 

0.652F 08 0.877E 08 0.605F 08 0.672E 08 0.568E 0 8  0.880E 08 0.830E 08 0.101E 0 9  

I ’  

0.641E 08 0.608E 0 8  0.602E 08 0.590E 08 0.4F7E 08 0.689E 08 0.696E @ E  0,790E 08 

0.147E 0 9  b 1 9 8 E  0 9  0.137E 09 01152E 09 0.127E 0 9  0.198E 0 9  0.187E 0 9  0.228E 09 

0-621F 0 5  0-165E 0 6  0.594E 05 0.644E 05 0.41SE 06 O.144E 06 0.101E 06 0-262E 06 

0.607F 0 9  0.599E 0 9  0.626E 09 0.632E 09 0,499E 09 0.668E 0 9  0.695E C9 0.798E 0 9  

0.241E 0 8  Q 2 8 1 E  08 0.225E 08 0.237E 08 0.198E 08 0.294E 08 O.286E 08  0.339E 08  

0-347E 10 0.368E 10 0.306E 10 0.367E 10 0.310E 10 0.321E 10 0.34OE 10 0.383E 10 

0.171E 

0.160E 

0.132E 

0.104E 

0.422E 

0.156E 

0.280E 

0.195E 

0.134E 

0.683E 

0.122E 

0.0 

0. l l O E  

0.0 

0.294E 

0.172E 

0.660E 

0.123E 

0.150E 

0. €86€ 

0.474E 

10 0.183E 10 O.155E 

0 7  0.182E 07 0.135E 

0 8  0.147E 08 O . l l O E  

10 O . l l l E  10 0.958E 

10 0.447E 10 0.385E 

1 0  O.167E 10 0.145E 

10 0.295E 10 0.266E 

0 7  0.225E 07 0.162E 

0 7  0.156E 07 0.109E 

0 6  0.789E 06 0.561E 

0 7  0.142E 07 0.100E 

0.0 0.0 

0 7  0.129E 07 0.893E 

0.0 0.0 

09 0.318E 09 0.248E 

09 0.186E 09 0.158E 

0 5  0.712E 09 0.556E 

0 7  0.144E 0 7  0.997E 

10 O.16OE 10 0.139E 

08 0.956E 08 0.768E 

10 0,500E 10 0.449E 

10 

07  

08 

09 

10 

10 

10 

0 7  

07 

06 

0 7  

06 

09 

09  

09  

06 

10 

08  

10 

w 
w 
U m 



NUCL I DF 

n3 

RE7 

C l l  

C 14 

N 1 3  

0 15 

F 18 

NA27 

NA24 

MG7 A 

AL28  

P 32 

P 3 3  

s 3 5  

CL 36 

t L  3 8  

A37 

4 39 

K 4 0  

K 4 7  

K 4 3  

t 4 4 5  

C A 4 7  

C A 4 9  

SC46 

s t 4 7  

SC49 

t R 5  1 

MN52M 

MN57 

MN54 

TABLE 3-8 (continued) 
PHOTON DOSE R A T E  i n  VARIOUS ORGANS (AIR IMMERSIONI-CONTINUED 

M1lStl.E IIVARI FS PANCREAS SKELETON SKIN SPLEEN TESTES THYMUS THYROID UTERUS TOTAL BODY 

0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 0.0 0.0 

0.358F 0 9  0.131E 09 0.218F 09 0.437E 09 0.437E 09 0.378E 09 0.398E 09 00218E 09 0.3776 09 0 - 2 3 9 E  

0.747F 10 0.272F 10 0.453F IO 0.905E 10 0.905E 10 0.783E 10 0.824E 10 0.453E 10 0.781E 10 0.494E 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.741F 10 0.272E 10 0.453F 10 0.956E 10 0.906E 10 0.786E 10 0.824E 10 0.453E 10 0.782E 10 0.495F 

0 - 7 4 3 E  10 0.272E 10 0.453E 10 0.907E 10 0.907E 10 0 - 7 8 4 E  10 0.825E 10 0.453E 10 0.783F 10 0.495E 

O-719E 10 0 - 2 6 3 F  10 0.439E 10 0.87t)E 10 0.878E 10 0.759E 10 0 -799E 10 0.439E 10 0.757E 1 0  O.479E 

0.171F 11 0.17lE 11 0.131F 11 0.191E 11 0.195E 11 0.189E 11 0.152E 11 0.138E 11 0.175E 11 O. l l6E 

0.312F 11 0.318F 11 C.3C7F 11 0.324E 11 0.366E 11 0.252E 11 0.185E 11 0.315E 11 0.299E 11 0.236E 

0.103E 11 0.850E 10 0-888E 10 0.112E 11 C.119E 11 0.114E 11 0.844E 10 0.886E 1 0  0.994E 1 0  0.704E 

00145F  11 0 - 1 3 5 F  11 C.125E 11 0.152E 11 0-158E 11 0.164E 11 0.108E 11 0.135E 11 0.145F 11 O.986E 

0.0 0.0 G. C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0. 0 0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 

0.0 0. 0 0. n 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.775F 0 3  L 9 4 8 F  02 0.130E 03.0.329E 03 0.409F 0 5  0.449E 0 3  0 -159E 0 4  0.269E-01 0.907F 0 2  0.179E- 

0.113F 11 0.115F 11 0 - l l l F  11 O.118E 11 0.133F 11 0.933E 10 0.681E 10 0.114E 11 0.109E 11 0.852E 

0-434E 0 5  0 - 5 5 9 F  0 4  0.764E 0 4  0 -194E 0.535F 0 4  0.106E 

0.0 0.0 0.0 0.0 0.0 0.0 0 .o 0.0 0. c 0.0 

05 0.24:E 0 7  0 -265E 0 5  0.940E 0 5  C.159F 01 

0.177E 10 O . l l R €  10 0 . l l O F  10 0.133E 10 0.139F 10 0-144E LO 0.952E 0 9  0.118E 10 0.127E 10 0.866E 

0 - 2 2 4 F  10 0.709E 10 0.193F 10 0.235E 10 0.245F 10 0.253E 10 0.168E 10 0 -209E 10 0.224E 10 0.153E 

0.714F 10 0.266E 10 0.441E 10 0.872E 10 0.873F 10 0.753E 1 0  0.792E 10 0.438E 10 0.746E 1 0  O.477E 

0 .o 0.0 0.0 0.0 0.0 0.0 0.0 0 .o 0.0 0.0 

0.854E I O  0.770F 10 0.736E 10 0.902E 10 0.944E 10 0.963E 10 0.655E 10 0.778E 10 0.845E 1 0  0.583E 

0.259F I 1  0.259F 11 0.450F 1 1  0.75YF 11 0.280E 11 0.237E 11 0.155E 11 0.431F 11 0.450E 11 0.198E 

0 . 1 3 8 ~  11 0 .848~  i o  0.138E I I  0 . 1 5 2 ~  11 0.178E 11 0.138E 11 0.125E 11 0 . 9 3 7 ~  i o  0.103~ 11 0 . 9 e 2 ~  

0.751F 0 9  0.446F 0 9  0.486E 09 O.124E 10 0.991E 09 0.669E 0 9  O.liI7E 10 G.669E 09 0.784€ 09 0.496E 

0 .o 0.0 0.0 0.0 0.0 0.0 0.0 0 -0 0.0 0.0 
0.214F 09 0.127E 0 9  0-138E 09 0.352E 09 0.291E 09 0.190E 09 0 -304E 09 0.190E 0 9  0.223E 09 0.141E 

0 - ISOF 11 0 - 1 3 8 E  11 0-147E 11 0.212E 11 0-217E 11 O.211E 11 0-168E 11 0.155E 11 0.194F 11 O-129E 

0.757F 11 0.181F 11 0.213E 11 0.2kI4E I1 0.302E 11 0.278E 11 0.227E 11 0.202E 11 0.244E 11 G.176E 

0.575F I C  0.352F 10 C.575F 10 0.630F 10 0.743E 10 0.575E 10 0.519E 10 0.389E 1 0  0.426F 1 0  0.408E 

09 0.358E 0 9  

10 0.742E 10 

0.0 

10 0.742E 10 

10 0.743E 10 

10 0.719E 10 

11 0.171E 11 

11 0.312E 11 

10 0.104E 11 

10 0.145E 11 

0.0 

0 .o 

0.0 

01 0.219E 04 

10 0.113E 11 

0 1  0.129E 0 6  

0.0 

C 9  0.127E 10 

10 0.224E 10 

10 0.714E 10 

0.0 

10 0.854E 1 0  

11 0.259E 11 

10 0.138F 11 

C9 O.818E 0 9  

0.0 

0 9  0.233E 09 

11 0.190E 11 

11 0.257E 11 

1 C  0.575E 10 

W 

c. 
U 
U 



TABLE 3-8 (continued) 

PHOTON DOSE RATE T O  VARIOUS ORGANS ( A I R  IMMERSION)-CONTINUED 

NUCLlOE MUSCLE OVARIES PANCREAS SKELETON SKIN SPLEEN TESTES THYMUS THYROID UTERUS TOTAL BODY 

FE52 

FF55 

FE59 

C056 

C057 

cn5a 

cn60 

N156 

N163 

CUB4 

zN65 

ZN69M 

ZN69 

Cb67 

G A 6 8  

GE77 

AS76 

bS77 

SF75 

SE7711 

RR8OM 

ma0 
8R 8 2  

8R 83 

RR 84 

K R 7 9  

0.525E 10 0.216E 10 0.324E IO 0.685E 

0.244E 06 0.315E 05 0.431E 05 O.109E 

0.892E 10 0.694E 10 0.827E 10 0.959E 

0.274E 11 0.232E 11 0.284E 11 0.291E 

0,8046 0 9  d 3 % E  09 0.484E 09 0.165E 

0.6776 i o  0.390~ i o  a . 6 3 3 ~  i o  0 . 7 5 6 ~  

0.189F I 1  O.1SOE 11 0.174E 11 0.202E 

O.123E 11 0.781E 10 0.109E 11 0.146E 

0.0 0.0 0.0 a. o 

00144E 10 0.5644t 09 0.8956 09 0.174E 

0.399E 10 O.24ZE 10 0.395E 10 0.439E 

0.303E 10 O . l l l E  10 0.185E 10 0.370E 

0.0 0.0 a. o 0.0 

0 . 1 2 3 ~  i o  0 . 6 5 0 ~  09 0 . 7 8 1 ~  09 0 . 2 0 2 ~  

0.687E 10 O.26lE 10 0.432E 10 0.834E 

0 . 6 9 2 ~  i o  0 . 3 7 5 ~  i o  0 . 5 0 6 ~  i o  0 . 8 9 4 ~  

0.3256 i o  0.176~ io  a . 2 2 7 ~  i o  0 . 3 7 9 ~  

0-55OE 08 0.288E 08 0.349E 08 O.L)46E 

0.406F 10 0.281E 10 0.293E 1 0  0.580E 

0 . 5 5 4 ~  09 0.329~ 09 a . 3 5 8 ~  09 0 . 9 1 3 ~  

0.554F 08 0 . 2 l l E  08 0.778E 07 0.898E 

0.613~ 09 a. 2 2 9 ~  09  0 . 3 7 6 ~  09 0 . 7 4 7 ~  

0.196E I 1  0.121E 11 0,164E 11 O.22OE 

0.566E 0 8  0.199E 0 8  0.332E 08 0.673E 

0.139E 11 0.125E 11 0.174E 11 O.146E 

0.167E 10 0.7286 09  0.108E 10 0.215E 

10 0.652E 10 0.537E 10 0.616E 10 0.350E 10 0.5526 10 0.349E 

06 0.136E 0 8  0.149E 06 0.530E C6 0.895E 0 1  0.302E 0 5  0.596E 

i o  0 .106~ 11 0 . 9 5 4 ~  i o  0 . 7 3 7 ~  i o  0 . 7 2 3 ~  i o  0 . 7 8 3 ~  i o  0 . 6 2 0 ~  

11 0.322E 1 1  D.266E 11 0.205E 11 0.265E 11 0.281E 1 1  00197E 

10 0 . l l l E  10  0.565E 0 9  0.868E 09 0.484E 09 0.113E 10 0.384E 

10 0.866E 10 0.684E 10 0.634E 10 0.4536 1 0  0.539E 10 0.476E 

11 0.222E 11 0.204E 11 0.154E 1 1  0.156E 11 0.168E 11 0.131E 

11 0 . 1 5 5 ~  11 0 . 1 2 5 ~  11 0 . 1 ~ 0 ~  1 1  0.913~ i o  0 . 1 0 6 ~  11 0 . 8 5 6 ~  

0.0 0.0 0.0 a .o 0.0 0.0 

10 0.176E 10 0.152E 10 0.157E 10 0.899E 09 0.151E 1 0  0.960E 

10 0.517E 10 0.400E 10 0.363E 10 0.270E 10 0.299E 10 0.283E 

10 0.370E 10 0.320E 10 0.336E 10 0.185E LO 0.319E 10 0.202E 

0.0 0.0 0.0 0 .o 0.0 0.0 

10 0.164E 10 0.109E 10 0.158E 10 0.949E 0 9  0.138E 10 0.766E 

i o  0 . 8 4 1 ~  i o  0 . 7 2 3 ~  i o  0 . 7 5 5 ~  i o  a . 4 2 3 ~  io 0 . 7 1 4 ~  i o  0 . 4 5 9 ~  

10 0.866E 10 0.687E 1 0  0.766E 10 0.510E 10 0.680E 1 0  0.470E 

10 0.386E 10 0.3436 10 0.322E 10 0.231E 10 0.335E 10 0.220E 

08 0.710E 08 0.514E 08 0.727E C 8  0.439E 08 0.583E 0 8  0.361E 

10 0.501E 10 0-396E 1 0  0-441E 10 0.342E 10 0.436E 10 0.261E 

0 9  0.754E 09 0.493E 0 9  0.7SOE 0 9  0.493E 09 0.578E 09 0.365E 

08 0 . 2 1 1 ~  a 9  0 . 2 0 6 ~  08 0 . 8 2 5 ~  0 8  0.305~ 0 8  0 . 6 1 1 ~  0 8  0 . 7 4 4 ~  

09 0.750E 09 0.648E 09 0.678E 09 0.377E 09 0.64% 0 9  O.4CEE 

11 11.238~ 11 0 . 2 0 6 ~  11 0 . 1 8 2 ~  11 a . 1 4 2 ~  1 1  0 . 1 7 8 ~  11 0 . 1 3 5 ~  

08 0.166E 0 9  0.576E 08 0.642E 08 0.328E 08 0.567E 0 8  0.357E 

11 0.165E 11 O.lZ1E 1 1  0.942E 10 0.160E 1 1  0.163E 1 1  0.105E 

10 O.212E 10 0.170E 10 0.191E 10 0.112E 10 0.172E 10 O . l l l E  

10 0.534E 

01 0.729E 

10 0.892E 

11 0.274E 

CF 0.931E 

10 0.677E 

11 0.189E 

10 0.125E 

0.0 

09 0.144E 

10 0.399E 

10 0.303E 

0.0 

09 0.134E 

10 0.687E 

10 0.709E 

10 0.325E 

0 8  0.586E 

1 C  0.428F 

C9 0.604E 

07 0.627E 

C9 0.613E 

11 0.196E 

C8 0.600E 

11 0.139E 

10 0.170E 

10 

0 6  

10 

11 

09  

10 

11 

11 

10 

10 

10  

10  

10 

10 

10 

08 

10 

09 

08  

0 9  

11 

08 

11 

10 

w 
c.’ 
U 
03 
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TABLE 3-8 (continued) 

PHOTON DOSE RATE TO VARIOUS ORGANS ( A I R  IMHERSIONJ-CONTINUE0 

NUCL IOE 

NR95M 

NBPS 

N697U 

NR91 

U099 

TC99U 

TC99 

RU103 

RUlO6 

RH103U 

RH105 

RH106 

PO103 

AGllOM 

A G l l l  

c o l l l n  

CD113M 

COllSM 

1N113M 

IN114U 

IN114 

I N l l 5 U  

SN113 

SN I I9M 

SN123 

SNl2S 

UUSCLE OVARIES PANCREAS SKELETON SKIN SPLEEN TESTES THYMUS T H Y R O I O  UTERUS TOTAL BODY 

0.384E 09 O-ZZBE 0 9  0.248E 09 0.632E 

0.526F 10 0.322E 10 0.526E 10 0.577E 

0.531E 10  0.194E 10 0.324E 10 0.648E 

0.483E 10 O.181E 10 0.300E 10 0.588E 

0.114E 10 & 5 W E  C9 0.80% 09 0.14OE 

O.829E 09 0.407E 09 0.499E 09 0.171E 

0.0 0.0 0.0 0.0 

0.351F 10 0.129E 10 O.ZL4E 10 O.429E 

0- 0 0.0 0.0 0.0 

0.275E 07 0.467E 0 6  0.6C6E 06 0.293E 

0.525E 09 0.311E 09 0.339E 09 0.864E 

0.135E 10 0.526E 0 9  O.@56E 09 0.165E 

0.121E 0 8  0.775E C7 C.641E 07 0.247E 

0.200E 11 O.123E 11 0.166E 11 0.225E 

09 O.506E 09 0.342E 0 9  0.546E 09 0.342E 

10 0.679E 10 0.526E 10 0.475E 10 0.356E 

10 0.648E 10 0.561E 10 0.590E 10 0.324E 

10 0.590E 1 0  0.510E 10 0.534E 10 0-297E 

10 01144E 10 O.117E 10 0.124E 10 0.738E 

10 O. l l lE  10 0.578E 09 O.895E 09 0.498E 

0.0 0.0 0 .o ' 0 .0  

10 0.430E 10 0.370E LO 0.390E 10 0.214E 

0.0 0.0 0.0 0.0 

0 7  0.156E 08 0.291E 0 6  0.421E 07 0.257E 

09 0-693E 09 0.467E 0 9  0.747E CS 0.467E 

LO 0.165E 10 O.142E 10 00148E 10 0.838E 

08 O.186E 08 0.921E 0 7  0.127E 08 0.878E 

11 0-242E 11 0.211E 11 0.186E 11 0.144E 

0-205E 09 0.122E 09 0.133E 09 0-339E 09 0-272E 09 0.183E 09 0.292E 0 9  

0.266E 10 0.148E 10 C.168E 10 O.481E 10 0.353E 10 0.218E 10 0.345E 10 

0.236E 0 7  0.137E 0 7  0.149E 07 0.386E 07 0.341E 0 7  0.204E 0 7  0.338E 07 

0.241E 09 t L 1 7 6 F  C 9  0.223E 09 0.261E 09 0.291E 09 0.255E 09 0.205E C9 

0.183E 1 0  0.672E 09 O.112E 10 0.224E 10 00224E 10 0.194E 1 0  0-204E 10 

0.545E 09 0.243E 0 9  0.332E 09 0.752E 09 0.743E 09 0.527E 0 9  0.676E OS 

0.194E 08 0.16OE 0 8  0.156E 08 0 . Z l O E  08 O.24OE 08 O . Z l 1 E  08 O.162E 08 

0.9C8E 09 0.532E 0 9  0.578E 09 0.149E 10 O.126F 1 0  0.795E 09 0.129E 10 

0.729E 0 8  0.259E 08 0.301E 08 0.962E 08 0.259E 09 0.328E 08 O.lO8E 09 

0.268E O €  0.833E 0 7  0.445E 07 0.388E 08 0.964E 08 0.738E 0 7  0.403E 08 

0.0 0.0 0.0 0.0 0.0 0 .o 0.0 

O.tl6E 10 0.152E 10 0.216E 10 0.239E 10 0.277E 10 0.205E 10 0.184E 10 

O.18ZE 

0.208E 

0.204E 

0.187E 

0.112E 

0.383E 

0.167E 

0-  796E 

0.322E 

0.108E 

0.0 

0.165E 

09 O.4OOE 0 9  0.253E 

10 0.39OE 1 0  0.373E 

1 0  0.559E 1 0  0.354E 

10 0.506E 10 0.323E 

09 0.112E 1 0  0.770E 

09 0.117E 1 0  0.393E 

0.0 0.0 

10 0.370E 1 0  0.234E 

0.0 0.0 

06 0.114E 0 7  0.383E 

09 0.547E OS 0.346E 

0 9  0.141E 10 0.902E 

0 7  O.137E 0 8  0.354E 

11 0.183E 11 0.137E 

0 9  0.215E 0 9  0-135E 

10 0.315E 1 0  0.157E 

07 0.243E 0 7  0.150E 

09 0.207E 0 9  O-168E 

10 0.193E 1 0  0.122E 

09 0.565E 09 0.351E 

08 0.193E 0 8  0.127E 

0 9  0.940E 09 0.587E 

08 0.499E 08 0.219E 

0 8  0.237E 08 0.254E 

0.0 0.0 

10 0.174E L O  0.158E 

09 0.417E 09 

10 0.526E 10 

1 0  0.531E 10 

1 0  0.483E 10 

C 9  O . 1 1 5 E  10 

09 C.960E 09 

0.0 

10 0.351E 10 

0.0 

05 0.302E 07 

C9 0.571E 09 

C9 0.135E 10 

07 0.138E 0 8  

11 0-2OOE 11 

09 O.224E 09 

10 0.297E 10 

C 7  0.257E 07 

09 O.24lE 09 

10 0.183E 10 

E 5  0.564E 09 

08 0.195E 08 

C S  0.988E 09 

C8 0.791E 0 8  

C7 0.292E C8 

0.0 

10 0.219E 10 



TABLE 3-8 (.continued) 

PHOTON OOSE R A T E  TO VARIOUS ORGANS ( A I R  IMMERSION)-CONTINUED 

NUCL ine 

SR 122 

t R 1 7 4  

SA125 

SR177 

TF173H 

TF l25H 

TF127H 

TF127 

TF 129H 

TF129 

TF 131H 

TE131 

TF112 

1123 

1174 

I 1 7 5  

I 1 2 6  

1129 

I 1 3 0  

1 1 3 1  

I137 

1133 

.I 134 

1135 

1136 

XF131H 

MUSC.1.F OVARIFS PANCREAS SKELkTON SKIN SPLEEN TESTES THYMUS THYROID UTERUS TOTAL BODY 

0.300F 1 0  0.113E 1 0  0.187E 10 0.365E 

0.141F 11 0.101F 1 1  0.l lOF 11 O.158E 

0.315F IO O.11RF 10 0.189E 10 0 . 3 Y 3 F  

0.477F 10 0.203E 10 0.327E 10 0.579E 

0.945E 0 9  0.550E C9 0.585F 09 0.156E 

0.177F 0 9  0.493E 0 8  0.181F 08 O.211E 

0.31flF 0 8  0.124E 0 8  0.450E 07 0.527E 

0.293F O €  0.11lF O R  0.1796 08 0.3olE 

0.244E 0 9  0.929E 08 0.140F 09 0.310F 

0.459E 0 9  0.196E 0 9  0.305F 09 0.568E 

0.9@3F 1 0  0.657F 10 O.S.18F 10 0.113E 

0,288F 1 0  0.147E 10 0.219E 10 0.396E 

0.137F 1 0  0.816E C9 0.880E 09 0.230E 

O.lIl6F 10 0.595E 09 @.C40E 09 0.172E 

0.811F 1 0  0.475E 1 0  0.581F 10 O.94OE 

0.147F 0 9  0.568E 0 8  0.198E 08 0.243E 

0.311F LO 0.118E 1 0  0.191E 10 0.3MOE 

0.879F 0 8  0.340E 0 8  0.119E OB 0.145E 

0,147F I 1  0.566F 10 C.S34E 10 O.181E 

0.774F 1 0  O.1O'JE 10 0.167E 10 0.341E 

0.167F 11 0.876F 1 0  0.130E 11 O.lM6F 

n.489F 10 0.979E 10 C.?38E 10 0.578F 

0.168F 1 1  0.104F 11 0.158E 11 O.lM6E 

0.133F I 1  0.109F 11 O.12OE 11 0.142E 

0.714F I 1  0.904E 11 0.209E 11 0.225E 

0.801F O R  0.353E 0 8  C.215E 08 0.132E 

10 0.367E LO 0.316E LO 0.331E 1 0  0.184E 

11 0.163F 11 0.151E 11 0.124E 11 0.114F 

10 0.396F 10 0,3256 1 0  0.356E 10 0.195E 

10 0.590F 10 0.495E 10 0.515E 10 0.304E 

10 0.131E 10 0.815F 0 9  0.135E 10 0.825E 

09 0.315E 09 0.474E 08 0.188E 09 0.724E 

08 0.8C7F 08 0.119F 0 8  0.473E C8 0.181E 

08 0.361E 08 0.306E 08 0.331E 08 0.183E 

09 0.3356 09 0.238F 0 9  0.2796 09 0.149E 

0 9  0.552E 09 0.465E 09 0.507E 09 0.293E 

11 0.124F 1 1  0.966F 10 0.8966 10 0.734E 

10 0.368F 1 0  0.274E 10 0.294E 10 0.187E 

10 0.182F 10 0.121E 10 0.193E 10 0.121E 

10 O.150E 10 0.915F 0 9  O-LSOE 10 0.896E 

10 0.S68F 10 0.845E 10 0.780E 10 0.598E 

09 0.367E 09 0.540E 08 0.219E 09 0.837E 

10 0.385E 10 0.325E 10 0.3446 10 0.191E 

09 0.220E 0 9  0.323F 08 0.131E 09 0.502E 

11 0.18lF 11 0.154E 11 D.16lE 11 0.904E 

10 0.337E 10 0.287E 10 0.308E 1 C  0.170E 

11 0.201E 11 0.167E 1 1  0 . 1 5 8 f  1 1  O . l l O E  

10 0.593E 10 0.518E 10 0.508F 10 0.3226 

11 0.212E 11 0.171E 11 0.153E 11 0.117E 

11 0.154E 11 0.145E 11 0.107E 1 1  0.112E 

11 0.246E 1 1  0.199E 11 0.145E 1 1  0.214E 

0 9  0.177E C9 0.404E 08 0.118E 09 0.524E 

10 0.313E IO 0.200E 

11 0.143E 11 0.9666 

10 0.333E 1 0  0.205E 

10 0.474E 10 0.321E 

09 0.991F 0 9  0.597E 

08 0.146E 0 9  0.183E 

0 8  0.3656 08 0.456E 

O@ 0.3096 0 8  0.194E 

0 9  0.257E 0 9  0.148E 

0 9  0.460E 0 9  0.300E 

10 O.8iOE 10 0.690E 

10 0.294F 1 0  0.183E 

10 0.145E L O  0.882E 

09 O.112E 10 0.656E 

10 0.833F 1 0  0.550E 

08 0.168E 0 9  0.204E 

10 0.326E 1 0  0.205E 

0 8  0.101E 0 9  0.122F 

10 0.153E 11 0.578F 

10 0.289F 10  0.182E 

11 0.149F 11 O . l l l E  

10 0.492E 10 0.329E 

11 0.136E 11 O.l l8E 

11 0.122E 11 0.917E 

11 0.218E 11 0.156E 

08 0.895E C 8  0.220F 

10 0.300E 10 

10 O.141E 11 

10 0.317E 10 

10 0.4786 10 

C.9 0.103E 10 

C8 0.138E C9 

C 7  0.346E C 8  

C.8 0.295E 08 

09 0.247E 09 

09 0.463E 09 

10 0.992E 10 

10 0.2996 10 

09 0.150E 10 

CF O.115F 10 

10 0.812E 10 

08 0.159E 09 

10 0.311E 10 

08 0.954E C8 

1C O.148E 11 

10 0.275E 10 

11 0.162E 11 

10 0.489E 10 

11 0.168E 11 

1 C  O.133E 11 

1 1  0.214E 11 

@ e  C.870E 08 
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NUCl. I DE 

SI4151 

FU154 

EU155 

FIJ 156 

GO 162 

18160 

TA182 

U I R 5  

U187 

AIJ195M 

A11195 

AU19A 

AI1 1 9 9  

n t 1 9 7  

nG 20 3 

TL 10 4 

TI.208 

T L 2 1 0  

P R l O 4 M  

PR710 

PR2 12 

PI3714 

RIZlO 

R I 2 1 7  

81214 

p n 7 1 4  

TABLE 3-8 (continued) 

PHflTON OOSE R A T E  Tfl VARIOUS ORGANS ( A I R  IMMERSION)-CONTINUED 

MUSCLE OVARIES PbNCREAS SKELFTON SKIN SPLEEN TFSTES THYMUS THYROID UTERUS TOTAL BODY 

0.245E 05 0.392E 

0.947E 1 0  0.671F 

0.409F 0 9  0.216E 

0-101F 1 1  0.821E 

0.307E 10  0.113E 

0.761F 1 0  0.499E 

0.957F 1 0  0.728F 

0 .o 0. 0 

0.122F 1 0  0.472F 

0 4  0.537E 04 

10 0.815E 10 

O S  0.240E 09 

10 0.571E 10 

10 0.187E 10 

10 0.717E 10 

10 0.864E 10 

c.0 

C 9  0.737F 09 

0.131F 10 0.785E C 9  0.832E 09 

0.501F 09 0.339E 09 0.263E 09 

0.794F 10 O.lO8F 10 C.18OF 10 

0.6,31F 0 9  0.379E CS C.400E O Y  

0 . 3 7 4 ~  a9 o.zt.6~ 09 0.197~ OY 

0.15RF 1 0  0.947E 0 9  0.102E 10 

0.603E 0 7  0.432F 0 7  0.307F 07 

0.245F 11 0.226E 11 0.237E 11 

0.396F 0 5  0.784F 05 0.202F 05 

0.145F 11 0.827E 10 0.135E 11 

0.118F 0 8  0.7561: 07 0.547E 07 

0.954F O S  0.574E C S  0.600F 09 

0.161F 10  0.746F 0 9  C . 1 O O F  10 

o.n 0.0 0.0 

O.809E 0 9  0.486E 09 0.615E 09 

0.115~ 1 1  0 . 9 1 ’ ~ ~  i o  c . 1 0 0 ~  i i  

0.766F 0 6  0.470E C6 0.766E Ob 

0.244E 

0.10(rE 

D.85OE 

0 - l l O E  

0.375F 

0. ~ a 3 ~  

0.109E 

0.0 

0.16 OE 

0.221E 

0 . l l l E  

0.359F 

0. lOdF 

0 . 8 3 O F  

0.2hbE 

0.136E 

0.264E 

0.895E 

0.16ZE 

0.245E 

0.166E 

0.229E 

0.0 

0.930E 

0.126E 

a. 8 4 0 ~  

05 0.243F 06 0.343E 0 4  0.388F 0 5  

11 0.114E 11 0.997E 10 0.835E 10 

0 9  0 .569~ 09 0 . 2 8 5 ~  09 0 . 4 3 8 ~  c5  

11 0.124E 11 0.919E LO 0.770E 10 

10 0.376E 10 0.323E 10 0.341E 10 

10 C.S67F 10.0.767E 1 0  0.711F 10 

11 O.l l6F 1 1  0.100E 11  0.822F 10 

0.0 0.0 0.0 

10 0.151F 10 O.124E 10 0.135E 10 

0.176E 

0.736E 

0.257E 

O.86lE 

0.187E 

0.558E 

0.770F 

0 .o 
0.750E 

LO C.178E 10 0.114E 10 O.18ZE 10 C.115E 

10 0.834E 0 9  0.342E 0 9  0.516F 09 0.364E 

10 0.359E 10 0.310E 10 0.326E 10 0.180E 

10 @.€61E 09 0.547E 0 9  0.872E 05 0.549E 

09 0.640~ 09 0 .256~ 09  0.386~ c 9  0 .283~ 

10 O.211E 10 O.14OE 10 0.224F 10 0.140E 

08 0.104E 08 0.410E 07 0.616E 07 0.455E 

11 C.300F 11 0.176E 11 O.156E 11 0.234E 

05 0.635E 05 0.269E 0 5  0.403F 05 0.299E 

I t  0.185E 1 1  0.146E 11 0.136E 11 0.965E 

08 0.417E 08 0.727E 0 7  0.121E C8 0.786E 

10 0.130E 10 0.817F 0 9  0.130E 10 O.821E 

10 0.206E 10 0.157E 10 0.194E 10 0.114E 

0.0 0.0 0 .0 0.0 

0 9  0.973E 0 9  0.865E 0 9  0.775E 09 0.593E 

11 O.136E 11 O.115E 11 0.929E 10 0.980E 

0 6  0.589F 06 0.766E 06 0.692E 06 0.519E 

04 0.906E 0 4  0.222E 03 0.307E 

10 0.880F 10 0.643E 10 0.954E 

0 9  0.561E 0 9  0.176E C5 O.475E 

i o  0 . a ~ ~  i o  0 . 7 3 9 ~  i o  0 . 1 0 2 ~  

10 0.324E 10 0.204E 10 0.307E 

10 0.623E 1 C  0.530E 10 0.771E 

10 0.857E 10 0.648E 10 0.967E 

0.0 0.0 0.0 

09 0.131F 10 0.774E C9 O.124E 

05 

10 

09 

11 

10 

LO 

10 

10 

10 0.137E 1 C  C.819E C9 0.143E 10 

0 9  0.558E 09 0.119E C 9  0.586E C9 

10 0.309E 10 0.195E 1 0  0.294E 10 

09 0.671E 0 9  0.388E C9 0.693F 09 

09 0 . 4 2 9 ~  09 0 . 7 5 1 ~  c a  0.438~ c9 

1 0  0.166F 10 0.10ZF 10 0.173E 10 

0 7  0.694E 0 7  0.114E 0 7  0.708E 07 

11 0.233F 11 0.188F 11 0.245E 11 

0 5  O.456E 05 0.749E 04 0.463E 05 

10 Oe115E 11 0.102F 1 1  0.145E 11 

07 0.120E 08 0.157E 07 0.143E 0 8  

0 9  0.102E 1 0  0.570E C9 0.105E 10 

10 0.170E 1 0  0.103E 10 0.167E 1 0  

0 .0  0.0 0.0 

09 0.795E 0 9  0.548E C9 0.811E 09 

10 0 , l l O E  11 0.814E 10 O.116E 11 

06 0.568E 0 6  0.544E 06 0.766E 06 



NUCLIOE 

PO2 18 

RN22O 

RN222 

RA224 

RA226 

RA228 

A t  228 

i n 2 2 8  

TU230 

TU23 1 

~ ~ 2 3 2  

~ ~ 2 3 4  

PA233 

PA234M 

PA234 

U232 

U233 

U234 

U235 

U236 

U237 

U238 

U240 

NP237 

NP238 

NP239 

TABLE 3-8 (continued) 

PHOTON DOSE RATE TO VARIOUS ORGANS ( A I R  IHMERSIONJ-CONTINUE0 

MUSCLE OVARIES PdNCREAS SKELETON SKIN SPLEEN TESTES THYMUS THYROID UTERUS TOTAL BODY 

0.634E 06 4 3 8 8 E  06 00634E 06 0.695E 06 Oo818E 0 6  0.634E 0 6  0-572E 06 0.429E 0 6  0.470E 0 6  0.450E 06 0.634E 06 

0.260E 07 0.953E 06 00159E 07 0.318E 07 0.318E 0 7  0.275E 0 7  0.289E 07 0.159E 07 0.274E 0 7  O.173E 07 0.260E 07 

0.283E 07 O0104E 07 0.173E 07 0-3b6E 07 00346E 07 0-299E 07 0.314E 07 0.173E 07 0.298E 0 7  0.189E 07 0.283E 

0.612E 08 & 3 9 7 E  08 0.433E 08 O.11ZE 09 0.891E 08 O.594E 08 0.950E 0 8  0-5926 08  0.710E 08 0.439E 08 0.733E 

0.448E 08 0.263E 08  C0288E 08 0.752E 08 0.600E 08 0.393E 08 0.627E 08 0.389E 08 0.479E 08 0.289E 08  0.490E 

0-115E 09 0-444E 08 00154E 08 0-19OE 09 00281E 0 9  0.421E 08 0 .17 lE  C9 0.654E 08 0.131E 09 0o159E C8 00124E 

0-531E 10 0.355E IO 0.473E 10 0.621E 10 0.659E 10 0.542E 10 0.490E 10 0.398E 1 0  0.465E 10 0.363E 10 0-537E 

0.161E 08 0.807E 07 00947E 07 00297E 08 0-314E 08 0.117E 0 8  0.190E 08 0.107E 08 0.194E 0 8  0.821E 07 0.184E 

0.302E 0 7  O.lS2E 0 7  0.132E 07 0.531E 07 0.129E 08 0.167E 0 7  0.317E 07 0.17OE 0 7  0-261E 0 7  0.723E 0 6  0.359E 

0.107E 0 9  0.473E 08 0.532E 08 0.200E 0 9  0.260E 0 9  0.635E 08 0.121E 09 0.580E 08 0.130E 0 9  0.408E 08 0.123E 

0.143E 0 7  0.521E 06 0.42OE 06 Q 2 O l E  07 0.103E 08 0.500E 0 6  00135E 07 0.499E 06 0.157E 06 0-124E 06 0.176E 

0.452E 08 0.228E 08 O.266E 08 0.933E 08  0.663E 08 0.312E 08 00485E C E  0.274E 08 0.622E 08 0.203E C6 0.524E 

07 

C8 

08 

0 9  

10 

08 

07 

0 9  

c7 

08 

0 - 1 3 X  10 4 7 3 4 E  09 0.834E 09 0.223E 10 00178E 10 0.114E LO O.176E 10 0.107E 10 0.146E 10 0.820E 09 0.144E 10 

0-659E 08 00397E 08 0.640E 08 0.755E 08 0.857E 08 0.649E 08 0.606E 08 Oo445E 08  0.513E 0 8  0.459E 0 8  0-664E C 8  

00223E 11 Oo199E 11 0.219E 11 0.247E 11 0.276E 11 O.172E 11 0.154E 1 1  0.206E 11 0.203E 11 0.167E 11 0.225E 11 

0-27SE 07  d 9 8 3 E  06 O.lOOE 07  0-422E 07 0.159E 08 0.113E 0 7  O.28OE 07 00102E 07 0.203E 0 7  0.532E 06 0.331E 07 

0.572E 07 0.299E 07 0.322E 07 0.952E 07 0.145E 08 0.4236 07 0.732E 07 0.413E 07 0.569E 07  0.291E 07 0.645E 07 

00206E 07 4 6 6 4 E  06 0.669E 06 0.294E 07 0.136E 08 0.734E 0 6  0.209E 07 0.661E 0 6  0-128E 0 7  0.314E 06 0.249E 07 

0.98SE 09 4 5 6 1 E  0 9  0.624E 09 0.169E 10 0.137E 10 0.833E 0 9  0.134E 10 0.815E 0 9  0.109E 10 0.608E C9 0.109E 10 

0.126E 07 0.245E 06 00248E Ob 0.136 07 00117E 08 0.228E 06 0.125E 07 0.186E 06 0.326E 0 6  0.435E 05 00156E 07 

0-89OE 0 9  Q 4 9 9 E  09 Or534E 09 0*168E 10 0.134E 10 0.687E 0 9  0.109E 10 0.6596 09 00106E 10 O.453E C9 0.101E 10 

00128E 07 00292E 06 0.3266 06 0.153E 07 00105E 0 8  0.322E 06 0.129E 07 0.261E 06 0.539E 0 6  0.131E C6 0.157E 07 

O.81SE 07 0.315E 0 7  0.254E 07 01123E 08 00526E 08 00297E 0 7  0.817E 07 0-302E 07 0.479E 0 7  0o745E 0 6  0.988E 07 

0.541E 09 0.284E 0 9  0.330E 09 OolObE 10 0.745E 0 9  0.410E 0 9  0.651E 09 0.378E 0 9  0-692E 0 9  0.288E C9 0.614E 09 

0.385E 10 0-236E 10 0.385E 10 0.422E 10 0.497E LO 00385E 10 00348E 10 0.261E 10 0.286E 10 0.273E 10 0.385E 10 

0.870E 09 00483E 09 0.545E 09 O.156E 10 O.121E 10 0.709E 0 9  0.113E 10 00680E 09 0.102E 10  00510E 05 0.970E 0 9  

w 

& 
P 



TABLE 3-8 (continued) 

PHOTON DOSE RATE T O  VARIOUS ORGANS ( A I R  1HHERSION)-CONTINUE0 

NUCL InE 

N P Z ~ O H  

PU?36  

PLJ238 

PU7-39 

PI1740 

PU24 1 

PU 242 

PU244  

AM241 

AM242 

AH243 

CM242 

CM243 

CM244 

CF252  

HUSCLF OVARl F S  PANCREAS SKELETON SKIN SPLEEN TESTES THYMUS THYROID UTERUS TOTAL BODY 

0 - 2 3 9 F  10 0.128E 10 0-174E 10 0.282E 10 0-291F 10 0.253E 10 0.241E 10 0.167E 10 0.237E 10 0.162E 10 0.24OE 10 

0.174E 0 7  0.316E 06 0.363E 06 0-185E 07 0.156E 08 0 -318E 0 6  0.179E 07 0 -241E 06 0.515E 0 6  0.980E 05 0.214E 07 

0.134E 0 7  0.186E 06 0.228F Ob O.126E 07 0.133F 08 O.181E 06 0-132E 07 0.116E 06 0.246E 06 0.384E 05 0.166E 07 

0.590F 06 0.117F 06 0 - l l O E  Ob 0.641E 0 6  0.521E 07 0 - l l O E  06 0.611E 06  0.100E 06 0.189E 06 0.257E 05 0.722F 06 

O . 1 1 8 E  07 O.18OE 0 6  0.214F 06 0-116E 07 0.115E 08 0 - 1 7 8 E  06 0.117E 07 O.122E 06 0.253E 0 6  O.433E C5 0.146E 07 

0.0 0.0 0.0  0 .0  0.0 0.0 0.0 0 .o 0.0 0.0 0.0 

0.112F 0 7  0.151E 0 6  0.18OF 06 O.lO4E 07 0.113F 08 0.139E 06 0. l lOF 07 0.883E 0 5  0.177E 06 0.191E 05 0.139E 07 

0.0 0.0 

0.123F 09 O.851E 

OIR58F 08 0.404E 

0.770F 09 0.193E 

0.127F 07 O.16lE 

0.830F 09 0.459E 

0.386F 0 8  0.243E 

0 -402F  1 0  0.273E 

0.0 

08 0.606E 

08 0.496E 

C 9  0.137E 

06 0.202F 

0 9  C.520E 

08 G.207E 

10 0.318E 

0.0 

08 0.272F 

08 0.172E 

09 0.608E 

06 O.l l6E 

09 0.15OE 

on 0 . 8 3 8 ~  

10 0.481E 

0.0 

09 0.230E 

09 0.147E 

09 0.445E 

0 7  0.130E 

10 0.116F 

08 0.637E 

10 0.496E 

0.0 , 0.0 

0 9  0.809E 0 8  0.126E 

0 9  0.568E 08  0.935E 

09 0.183E 09 0.275E 

0 8  0.151E 06 0.126E 

10 0.674E 09 0.107E 

0 8  0.261E 08 0.401E 

10 0.412E 10 0.385E 

0.0 0 .0  0.0 0.0 

O S  0.900E 08 0.138E 09 0.227E 08 0.144E 09 

0 8  0.4896 08 0.115E 0 9  0.384E 08  0.994E C8 

C 9  0-203E 09 0.309F 0’3 0.508E 08 0.316E 09 

O ?  0.893E 0 5  0.192E 06 0.233E 05 0.158E 07 

10 0.644E 09 0.977.5 0 4  0.485E C9 0.927E 09 

0 8  0.267E 08  0.473E 0 8  O.llOE 0 8  0.450E C8 

10 0.33SE 10 0.425E 1 0  0.276E 10 0.407E 10 



NUCLIDE 

H3 

ne7 

c11 

C 1 4  

N13 

015 

F 18 

NA22 

N 1 2 4  

M 6 2 8  

AL2a 

P32 

P33 

535 

C L 3 6  

C L 3 8  

A37 

A 3 9  

U 4 0  

U 4 2  

u43 

CA45 

c147 

CA49 

SC +6 

TABLE 3-9 
PHOTON DEPTH DOSE RATE FACTORS TO VARIOUS ORGANS (mrem/yr per uCi/un2)a 

EXPMURE TO CONTAMINATED GROUND S I I R F A C E ~  

BLADDER STOMACH SHALL UPPER LOWER KIDNEYS L I V E R  LUNGS MARROW YELLOW REO 
INTESTINE LARGE L b*GE HARROU MARROW 

I N T E S i I  NE INTESTINE 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.495E 05 0.636E OS 0-46OE 05 0.495E 05 00460E 0 5  0.565E 05  0.530E 0 5  0.601E 05 0.777E 0 5  0.815E 05 0.742E 05 

0.103E 0 7  0.132E 07 0.953E 06 0.103E 07 0.953E 06 0.117E 07  O.llOE 07 0.125E 07 0.161E 0 7  0.169E 07 0.154E 07 

0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.103E 07 0.132E 07 0.954E 06 O.103E 07 0.954E 06 0.117E 0 7  O.llOE 07 0.125E 07  0.161E 07  0.169E 07 0.154E 07 

O.103E 07 0.132E 07 0.955E 06 0.103E 07 0.955E 06 0.117E 07 O.llOE 07 0.125E 07  0.161E 07 0.169E 07 O.154E 07 

0.994E 06 0.128E 07 0.924E 06 0.99+E 06 0.924E 06 O.l l4E 07 0.107E 07 0.121E 07 O.156E 07 O-164E 07 0 -149E 07 

0.252E 07 0.277E 07 0.217E 07 0.267E 07 O.233E 07 0.224E 07  0.242E 07 0.275E 07 0.318E 0 7  0.333E C7 0.304E 07 

0.359F 07 0.422E 07 C.357E 07 0.521E 07 0.386E 07 0.341E 0 7  0.398E 07 0.436E 07 0.457E 0 7  0.484E 0 7  0.430E 07 

0.163E 07 0.164E 07 0.137E 07 0.175E 07 0.144E 07 0.136E 0 7  O.15OE C7 0.17OE 07 0.190E 0 7  0.200E 07 0.180E 07 

0.204E 0 7  O-ZOQE 07 0.169E 07 0.224E 07 0.189E 07 0.154E 07  0.184E 07 0 -209E 07 0.224E 0 7  0.234E 07 0.214E 07 

0.0 0.0 0.0 0.0 0.0 0 -0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Oo810E-07 0 0 1 1 4 E  01 0.e87E-03 0.155E-02 00185E 00 0.659E-03 0.481E-02 0.456E 00 0.887E 00 0.109E 01 0 -685E 00 

9.134E 0 7  0 1 1 5 7 E  07 0,132E 0 7  O.192E 07 0.143E 07 0.126E 07 0.147E 07 0.162E 07 0.170E 07 0.180E 07 O.16OE 07 

0.478F05 0.674E 0 2  0.f24E-01 0.913E-01 0.109E 02 0.389E-01 0.284E 00 0.269E 02 0.524E 0 2  0.644E C2 0.404E 02 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.188E 06 0.188E 06 0.156E 06 0.207E 06 0.175E 06 0.143E 06 O.17OE 0 6  0.193E 06 0.207E 0 6  0.216E 06 O.198E 0 6  

0.327E 06 0.328E 06 O.272E 06 0.360E 06 0.303E 06 O.248E 06 0.296E 06 0.336E 06 0.360E 0 6  0.376E 06 0.344E 0 6  

00985P 06 Q t 2 6 E  07 0.915E 06 0.98% 06 0.91OE 06 0 0 1 1 2 E  07  OolOSE 07 0.119E 0 7  0.154E 0 7  Oml62E 07 0.147E C7 

0.0 0.0 0.0 0.0 0’00 0.0 0.0 0.0 0.0 0.0 0.0 

00129E 07 O . 1 3 O E  07 0.107E 07 00141E 07 0.118E 07 00100E 07 0.117E 07 0.133E 07 0.144E 07 0.150E 07 0.137E 0 7  

0.600E 07  0 - 2 2 2 E  07 0-316E 07 0.374E 07 0.287E 07 0.273E 07 0.316E 07 0.316E 07 0.316E 0 7  0.345E 07 0.288E 07 

0.211E 0 7  O.l%E 07 O-181E 07 0.211E 07 0.151E 0 7  0.218E 07 0.196E 07 0.218E 07 0.256E 07 0.271E 07 0 - 2 3 3 E  07 

tontrlbutions o f  radloactive daughter Products are-.Lgpt included. 

bPoint receptor located 1 in above the surface. 

W 

E m 



TABLE 3-9 [continu_ed] 

PHOTON OOSE RATE T O  VARIOUS ORGANS (ABOVE CONTAMINATED GROUND SURFACE)-CONTINUE0 

NUCLIOF RLADOFR STOMACH SMALL UP PF R LCWER KIDNEYS LIVER LUNGS MARROW YELLOW REO 
INlESTINE LARGE LARGE MARROW MARROW 

INTESTINE IkTEST I N €  

S t 4 7  0.832E 0 5  0.845E 05 0-9lOE 05 0-937E 05 0,715E 05  0.937E 0 5  0.988E 05 O.ll4E 0 6  0.195E 0 6  O.2C8E 0 6  0.181E 06 

S t 4 9  

t R 5 1  

MN52M 

MN52 

MN54 

FE52 

FF55 

FF59 

t o 5 6  

c 0 5 7  

t n 5 8  

coho 

N156 

0.0 0. 0 0.0 0.0 

0.378F 05 0.384E 05 0.414E 05 O.426E 

0.778F 07,0.304E 07 0.239E 07 0.296E 

0.381F 0 7  0.399E 07 0.327F 07 0.400E 

0.918E 0 6  0.852E 06 0.787E 06 0.918E 

0.705F 0 6  L 8 7 2 E  06 0.677E 06 0.722t 

0.269E-04 0.380F 03 0.295E 00 0.515E 

0.135F 0 7  0.130E 07 E.114E 0 7  0.142E 

0.429E 0 7  0.380E 07 C.345E 0 7  0.444E 

0.153E 0 6  0.145F 0 6  0.144E 06 0.141E 

0.107F 0 7  0.105E 0 7  0.924E 06 0.107E 

0.783F 0 7  0.275E 0 7  0.238E 07 0.29YE 

0.185E 07 0.182E 0 7  C.164E 07 0.191F 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 

05 0.325E 0 5  0.426E 05 0.449E 05 0.521E 05 0.888E 05 0.945E 05 0.824E 05 

07 0.257E 07 0.245E 0 7  0.266E 0 7  0.302E 0 7  0.347E 0 7  0.364E C 7  0.332E 0 7  

07 0.333E 07 0.348E 0 7  0.361E 07 0.408E 0 7  0.471€ 07 0.494F 07 O.445E 

06 0.655E 06 0.950E 0 6  0.852E 0 6  0.950E 0 6  O . l l l €  0 7  0.118E 07 O.lO2E 

06 0.646E 06 0.804E 0 6  0.771E C C  0.878E 06 0.121E 0 7  0.127E 07 0.115E 

00 0.615E 02 0.219E 00 0.160E 0 1  0.152E 03 0.295E 0 3  0.363E 03 0.228E 

0 7  O. l l lE  07 O . 1 M E  0 7  0.123E C7 0.139E 07 0.156E C 7  C.164E 07 0.146E 

07 0.344E 0 7  0.349E 0 7  0.375E 07 0.412E 0 7  0.451E 07 0.477E 07 0.421E 

06 0-117E 0 6  0.162E 0 6  0.165E 06 O-167E 0 6  0.397E 0 6  0.428E 06 0-366E 

0 7  0.7S7E 06 O.112E 0 7  0.101E G7 0.113E 0 7  0.135E 0 7  0.142E 07 0.124E 

0 7  0.237F 07 0.247E 07 0.259E 0 7  0.292E 0 7  0.325E 0 7  0.341E 07 0.304E 

07 0-146E 0 7  0.187E 0 7  0.179E C.7 0-202E 0 7  0.252E 0 7  0-266E 07 0.233E 

c 7  

07 

07 

03 

07 

c7 

06 

07 

0 7  

07 

N I 6 3  0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 0.0 0.0 

t U 6  4 0.314E 06 0.272E 06 0.198E ob 0.215E 0 6  0.199F 06 0.240E 0 6  0.228E 06 0.258E 06 0.331E 0 6  0.347E 06 0.316E 06 

ZN65 0.640F 0 6  0.599E C6 0.550E 06 0-640E 0 6  O.46OE 06 0,6646 0 6  0.596E C6 0.665E 0 6  01782E 06 0.828E C6 0.714E 06 

ZN69M 0-421F 06 0.542E 06 0.391E 0 6  0.421E 06 0.391F 0 6  0.481€ 0 6  0.452E 06 0.512E 0 6  0.661E 0 6  0-694E 06 0-632E 06 

ZN69 0 .o 0.0 0. c 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

GA67 0.200E 0 6  0.7 lOE 06 0.204E 0 6  0.210E 06 0.170F 0 6  0.223E 0 6  0.227E 06 0.260E 0 6  0.446E 0 6  0.475E 06 O.415E 06 

GA68 0.958E 0 6  0.122E 0 7  0.888E 06 0.961E 0 6  0.e82E 06 0.109E 0 7  0.102E 0 7  0.116E 07 0.149E 0 7  O.156E 07 0.142E 07 

GF77 0.936E 0 6  0-105E 07 0.888E 06 0-992E 06 0.816E 0 6  0-101E 0 7  0.990E C6 0-112E 0 7  0.152E 0 7  0.16lE 07 0-143E 07 

AS76 0.457F 06 0.548E 06 0.414E 06 0.482E 06 0.428E 0 6  0.469E 0 6  0.470E 0 6  0.531E 0 6  0.650E 0 6  0.682E 06 0.620E 06 

AS77 0.681E 0 4  0.747E 04 0.705F 0 4  0.734E 0 4  0.557E 04 0:768€ 0 4  0.781E C 4  O.898E 0 4  0.144E 05 O.152E 05 0.134E 0 5  

S f 7 5  0.631E 0 6  0.645E 0 6  0.593E 06 0.679E 06 0.557s 06 0.601E 06 0.653F 0 6  0.747E 0 6  Oel lOE 07 0.117E 07 0.103E 07 

SF77M 0.912E 05 0-927E 05 0.598E 05 0-103E 0 6  01784E 05 0.103E 06 0.108E 06 0.126E 0 6  0.214E 0 6  0.228E 06 0.199E 06 



TABLE 3-9 (continued] 

PHOTON OOSE RATE TO VARIOUS CRGANS t ABOVE COhTAMINATEO GROUND SURFACE)-CONTINUED 

NUCLIOF RLAOOFR STOMACH SMALL UPPER LCWER K I D N E Y S  L I V E R  LUNGS MARROW YELLOW REO 
INTESTINE LARGE LIRGE HARROW MARROW 

INTEST I NE I hTEST I NE 

8RBOM 

BR 80 

81\82 

8 1 8 3  

8R84 

KR79 

K R 8 3 k  

KR8SM 

KR85 

K R 8 7  

K R 8 8  

R ne4 

R886 

R E 8 8  

R889 

R B 9 0  

S R 8 S  

SR87M 

S R 8 9  

S R 9 0  

SR91 

S R 9 2  

SR93 

Y87 

Y88 

Y90 

0.731E 0 5  0.289E 05 0.124E 05 0.173E 05 0-928E 0 4  0.396E 0 5  0-267E 05  0.363E 05 0.117E 0 6  0-134E 0 6  0-978E 05  

0.898E 0 5  0.115E 06 0.833E 05 0 - Y O O E  05 0.835E 0 5  O. lOZE 0 6  0.961E 05 0.109E 0 6  0.140E 0 6  0.147E 06 0.134E 06 

0.291E 0 7  0.306E 07 0.254E 07 0.300E 07 00244E 0 7  0.288E 0 7  0.281E 0 7  0.316E 07 0.374F 07 0.394E 07 0.351F 07 

0.668E 0 5  00876E 05 0.621E 05 0.668E 05 0.632E 05 0.764E 0 5  O.717E 05 0.822E 0 5  0.108E 0 6  0.114E 06 0.103E 0 6  

0.235F 07 0.169E 07 0.172E 07 0.222E 0 7  00164E 0 7  O - l l l E  07 0.184E 0 7  0.196E 0 7  0.209E 0 7  0.224E 07 0.193F 07  

0.307E 0 6  0.370E 06 0.291E 06 00314E 06 0.277E 0 6  0.344E 0 6  0.330E 06 0.376E 06 0.511E 0 6  0.539F 06 0.484E C6 

00107E 03 0.543E 03 0.702E 02 0.798E 0 2  0.137E 0 4  0.224E 03 0.170E 03 0.787E 03 0.361E 0 4  O.431E 04 0 . 2 Y O E  04 

0-12AE 06 0.130E 06 O.140E 06 0-144E 0 6  O- l lOE 06 0.144E 0 6  0 - 1 5 2 E  C6 0-176E 06 0-300E 0 6  0.319E C6 0.278E 06 

OoZG7E 04 0.266E 04 0.192E 04 0.207E 04 0.192E 0 4  0.236E 0 4  0.222E 0 4  0-251E 04 0.325E 04 0.341E 04 0.310E 04 

0.701E 06 0.820E 06 0.682E 06 0,9236 06 0.699E 06 0o719E 0 6  0.766E 0 6  0.840E 0 6  0.939E 0 6  0.9S6E 06 0-882E 06 

0.164E 0 7  O.199E 0 7  O.17ZE 07 0.250E 07 0.179E 07 O.17OE 0 7  0 - 1 S Z E  07 0.209E 0 7  0.225E 0 7  0.24OE 07 0.210E 0 7  

00100F 0 7  O.lO2E 07 0.880E 06 0*101E 0 7  0.773E 0 6  0.106E 0 7  00969E 0 6  0-108E 0 7  0-130E 07 0.138E 07 0.120E 07 

0.986E 0 5  0.916E 05 0.845E 05 0.9866 05 00705E 0 5  O.1OZE 06 0.916E 05 0.102E 06 0.120E 0 6  0.127E C6 O.10YE 0 6  

0.605F 0 6  0-681E 0 6  0.602E 06 0.868E 06 0.612E 06 0.609E 0 6  0.670E 0 6  O.723E 06 0.766E 0 6  0-817E 06 O.7 l lE  06 

0 - 2 M E  0 7  0.251E 07 0.219E 07 0.289E 07 0.219E 0 7  0.225E 0 7  0.240E 0 7  0.266E 0 7  0.291E 0 7  0.308E 07 0.272E 0 7  

0.426E 01 0.194E 0 7  0.2466 07  0.294E 0 7  0-222E 0 7  O.228E 0 7  0.251E C7 0,257E 0 7  0.266E 07 0.288E 07 0.243E 0 7  

0.612E 06 0.787F 06 0.569E 06 00612E 0 6  0.570E 06 0.700E 0 6  0.657E 0 6  0.744E 0 6  0.962E 0 6  0-101E 07 0-920E 0 6  

0.330E 0 6  0.424E 06 0.306E 06 00330E 06 0.306E 06 0.377E 06 0.354E 0 6  0.401E 0 6  0.518E 0 6  0.544E C6 0.495E 06 

0.0 0.0 0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 

0.0 0 . 0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .o 

0.779E 0 6  0-838E 06 0.686E 06 0.792E 06 0.647E 06 0.803E 0 6  0.763E 0 6  0.859E 0 6  0.104E 0 7  0.109E 07 0.972E 06 

0.142F 07 0.153E 0 7  0.127E 07 0.167E 07 0.141E 0 7  0.116E 0 7  0.138E 0 7  0.157E 0 7  0.169E 0 7  0.176E 07  0.161E 07  

0-158E 0 7  0-172E 0 7  0.140E 07 0.162E 0 7  0.133E 07 0.163E 07 0.156E 0 7  0.177E 0 7  0.217E 0 7  0.229E 07 0.204E 07 

00584E 06 0.751E 06 0.543E 06 0.584E 06 0-544E 0 6  0.668E 06 0.626E 0 6  0.710E 0 6  0.918E 0 6  0.965E 06 0-878E 06 

0.242E 07 00285E 0 7  O.248E 07 0-353E 0 7  00247E 07 0.260E 0 7  0.277E 07 0.301E 0 7  0-324E 07 0.345E 07 0.300E 07 

0.0 Q O  0.0 0.0 0.0 0.0 0.0 0 -0 0.0 0.0 0.0 

w 1 



TABLE 3-9 (continued] 

PHOTON OCSF RATE T O  VARIOUS CRGANS (ABOVF CONTAMINATE0 GROUND SURFACE)-CONTINUE0 

WCL InE fll A0nFR STClMACH SMALL lJPPER LCWER KIDNEYS LIVER LUNGS MARROW YELLOCl R E O  
IN'IESTINE LARGE LARGE MA RR CW MARROW 

INTESTINF INTESTINE 

V P l M  0.53OF 0 6  0.681E 0 6  0.493E 06 0.530E 06 0.493E 0 6  0.606E 0 6  0.568E 06 0.644E 0 6  0.832E 0 6  0.874E 06 0.795E 06 

Y 9 1  0.301E 0 4  0.301E 0 4  0.749F 04 0.730E 04 0.278E 0 4  0.227E 0 4  0.271E 04 0.308E 0 4  0.33OF 0 4  0.345E 04 0.315E 04 

Y 9  7 0.769F 0 6  0.268E 06 0.237F 0 6  0.283E 0 6  0.219E 06 0.259E 06 0.254E 0 6  0.285F 0 6  0.327E 0 6  0.345E 06 0.305E 0 6  

Y 9 3  0-661F 05 0-740F 05 0.671E 05 O.865E 05 0-632E 05 0.705E 05 0-743E 05  0.825E 05 0.104E 0 6  0 - l l O E  06 0-963E 05 

ZR95 0.760F 0 6  0.818F 0 6  0.674E 06 0-7bOE 0 6  0.610E 06 0.821E 0 6  0.751€ 06 0.844E 06 0.103E 0 7  O.105E 07 0.965E 0 6  

XU97 0.193F 06 O.ZO6E C6 C.170F 06 0 - 2 0 %  06 0.168E 06 0.187E 0 6  O.188E C6 0.212E 0 6  0.251E 06 0.264E 06 0.236E 0 6  

NR95M 

NR95 

N097M 

N097 

~ n 9 9  

TC99M 

TC 99 

RU103 

RU106 

RH103H 

RH105 

RH 106 

poi03  

AG11OM 

A G l l l  

CDlllM 

cni 13t.1 

CDllSM 

IN113M 

1N114M 

0.453E 05 0.460F 0 5  0.495E OS 

0.830F 06 O.77OE 0 6  0.711E 06 

0.724F 0 6  0.931E 0 6  0.673F 06 

0.666F 0 6  0.849E 06 C.617E Ob 

0.176F 0 6  C.207F 06 0.167E 0 6  

0 - l l l F  0 6  O.1OSE 0 6  0.105F Or, 

0.0 0.0 0.0 

0.498F 0 6  0.640E 06 C.463F Ob 

0.0 0.0 c. 0 

0.17flF 03 0.576F 07 0.119E 03 

0.648F 0 5  0.658E 05 0.708E 05 

0.188F 06 0.236E 0 6  0.173E 06 

0.144F 0 4  0.191E 0 4  0.134E 0 4  

0-296E 0 7  0.312E 0 7  C.757E 07 

0.255E 0 5  0.759F 05 0.279E 05 

0.322~ 06 0 . 3 1 7 ~  06 0 . 3 3 2 ~  06 

0-445F 0 3  0-454F 03 0.485E 03 

0.367F Of 0.357F 05 0.312E 05 

0.753F 0 6  0 . 3 Z 5 E  06 0-235E 06 

0.101F 06 0.121E 0 6  0.598E 05 

0.51 OE 

0.830E 

0.724t 

0.666E 

0.177t 

0.102E 

0.0 

0.4YbE 

0.0 

0.20SE 

0.729E 

0.188E 

0.147E 

0.304E 

0.2&7E 

0.335E 

0.500F 

0.3BZE 

0.253E 

0.106E 

05 0.389E 0 5  0.510E 05 0.538E 0 5  0.623E 05 0.106F 0 6  0.113E 

06 0.593E 06 0.859E 06 0.770E 06 0.859E 06 0.101F 0 7  O.107E 

06 0.673E 0 6  0.827E 0 6  0.776E 06 0.880E 06 0.114E 0 7  0.119E 

06 0.615E 06 0.757E 0 6  0.710E 06 0.805E 06 O.104E 0 7  0.1C9E 

06 0.153F 0 6  0.196E 0 6  0.183F 06 O.ZO7E 0 6  0.270E 06 0.284E 

06 0.847E 0 5  0.118E 06 0.120F 06 0.136E 06 0.291E 0 6  0.313E 

0.0 0 .o 0.0 0.0 0.0 0 .o 
06 0.463E 0 6  0.569E 0 6  0.534E 06 0.605E 0 6  0.783F 06 0.822E 

0.0 0 .o 0.0 0.0 0.0 0.0 

03 0.463E 03 0.123F 0 4  0.435E 0 3  0.683E 03 0.438E 04 0.518E 

05 0.557E 05 0.729E 05 0-769E 05 O.891E 0 5  0-152E 06 0.162E 

06 0.172E 06 0.212E 06 0.199E 06 0.226E 06 0.291E 0 6  0.3C6E 

04 0.126E 04 0.186E 0 4  0.175F 0 4  0.210E 0 4  0.528E 0 4  0.568E 

07 0.248E 0 7  0.292E 0 7  0.285F C7'0.321E 07 0.381F 0 7  0.4ClE 

05 0.219E 05 0.287E 0 5  0.303E C5 G.351E 05 0.599E 0 5  0.637E 

06 0.264F 06  0.354E 06 0.368E 06 0.422E 0 6  0.789E 06 0.844E 

03 0.382E 03 0.507E 0 3  0.529E 0 3  0.614F 03 0.107E 04 0.114E 

05 0.298E 05 0.339E 0 5  0.339E 05 0.381F 05 0.434E 05  0.457F 

06 0.235E 06 0.289E 06 0.271E 06 0.307E 0 6  0.397E 0 6  0.417E 

06 0.915E 05 0.116E 0 6  0.113E C6 0.129E 0 6  0.192E 0 6  0.204E 

O t  0.986E 05 

07 0.918E 06 

07 0.109E 07 

a7 0 . 9 9 0 ~  06 

06 0.254E C6 

C6 0.268F 06 

0.0 

06 0.749E 06 

0.0 

04 0.357E C4 

06 0.141E 0 6  

06 0.277E 06 

04 0.452E 04 

c 7  0.357E c7 

05  0.556E C5 

O C  0.730E 06 

C4 0.988E 03 

C5 0.404F C5 

06 0.379E C6 

06 O.18OE 06 

W 
I 
c 
OJ 
? 



TABLE 3-9 (continued] 

PHOTON COS€ RATE TO VARIOUS CRGANS (ABOVE CONTbMINATEO GROUND SURFACE) -CONTINUE0 

NUCL 1 OE 

I N 1 1 4  

IN11511 

SN113 

SN119M 

SN123 

SN125 

SBlZ2 

58124 

SR125 

58127 

TF123M 

TE 12514 

TE 12711 

T E 1 2 7  

TE 129M 

TE129 

TE131M 

TE 13 1 

TE132 

I 1 2 3  

1124 

1 1 2 5  

I 1 2 6  

1129 

1130 

1131 

R1AOOER STOYACH SMALL UPPER LOWER K I D N E Y S  L I V E R  LUNGS MARROW . YELLOW REO 
I N T E S T I N E  LARGE LbRGE MARROW MARROW 

I N T E S T I N E  IWESTINE 

00475E 04 00495E 0 4  0-399E 04 0.515E 04 0.440E 0 4  0.390E 0 4  0-441E 0 4  0o502E 0 4  0.575E 0 4  0.605E 04 0.546E 04 

0-141F 06 0.144E 0 6  0.154E 06 O 0 1 5 9 E  06 0.121E 0 6  00160E 0 6  0.168E 06 0.195E 06 00335E 0 6  0.357E C6 0.311F 06 

0-197F OS 0.23?F 05 0.211E C- : '''r ,5 0.198E 05 0.310E 05 00254E 05 0.308E 05 0 . 8 O l E  0 5  0.897E 05 0.701E 05 

0.636E 0 4  0.85. ' 14 -34iF 0.492E 04 0-331E 0 4  0.132E 05 0.788E 04 O.1OBE 05 O.402E 0 5  0.465E 05 0-334E 05  

0.6 0.0 0.0 0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 

0.313E 0 6  00311E 0 6  O.281E ob 0.346E 06 0.250E 06 0.324E 0 6  0.307E 06 0.341E 06 0.394E 0 6  0.417E 06 0.361E 06 

0.418E 06 0.531E 06 0.387E 06 0.418E 06 0-385E 06 0.476E 0 6  0.446E 0 6  0.505E 0 6  0-650E 06 0.683E 06 0.621E 0 6  

0.198E 0 7  0.221E 07 C.174E 07 0.216E 07 0.186E 07 O.1BlE 07 0.194E 07 0.220E 0 7  0.254E 07 0.266E 07 0.242E 07 

0.491E 06 0.626E 0 6  0-456E 06 0 - 4 9 1 E  06 0.451E 0 6  0.564E 0 6  0.528E 06 0.600E 0 6  0.802E 0 6  0.846E 06 0.763E 06 

00673E 0 6  00806E 06 0.618E 06 0.676E 0 6  00593E 0 6  0.751E 0 6  0.702E 06 0.794E 0 6  0.102E C 7  O.lO8E 07 0-968E 06 

0-139E 06 O.142E 0 6  0.150E 06 0.155E 06 0.117E 0 6  0-159E 0 6  0.165E 0 6  0.192E 06 0.336E 0 6  0.359E C6 0.310E 06 

0.325E 0 5  00389E 05 0.177E 05 0.244E 05 0.124E 05 0.552E 0 5  0.373E 05 0.500E 05 0.159E 0 6  0.183E 06 O.134E 06 

0.875E 04 d 1 0 5 E  05 0.474E 04 0.657E 04 0.333E 0 4  00149E 05 O.lO1E 05 0.135E 0 5  0.431E 05 0.495E 05 0.362E 05 

0-4C7E 04 O-SlBE 04 0.381E C4 0 .C09E 0 4  0.377E 0 4  0.465E 04 0.439E 0 4  0.498E 04 0.659E 0 4  0.693E C4 0.628E 0 4  

0-529E 0 5  0.668E 05 0-478E 05 0.522E 05 0.470E 05 0.618E 05 0-566E 05 00648E 05 0-922E 0 5  0-983E 05  0.863E C5 

0-BOOE 0 5  0.957E 05 00732E 05 0.802E 05 0.698E 05 0.901E 05 00839E 05 0-952E 0 5  0-127E 0 6  0.135E C6 0- l2OE 0 6  

0.147E 0 7  0.144E 0 7  0.130E 07 0.155E 07 0.115E 0 7  0.148E 0 7  0.142E 0 7  0-159E 07 0.192E 07 0.204E 07 0.177F 07 

0-413E 0 6  0.434E 06 00372E 06 0.408E 06 0.332E 06 0.441E 06 00418E 0 6  0-470E 0 6  0-683E 0 6  0.726E 06 0-635E 06 

0.162E 06 0.165E 06 0.176E 06 O.181E 06 0-139E 0 6  0-183E 06 0.192E 06 0-223E 06 0-388E 0 6  0-414E C6 0.359E C6 

0.175F 06 0.184E 0 6  O.185E 06 0.192E 06 0.148E 06 O.ZO2E 0 6  O 2 0 6 E  06 0-240E 0 6  0-419E 0 6  0.449E 06 0.386E C6 

0.117E 0 7  0.139E 07  O.lO6E 07 O.126E 07 Oel lOE 07 O.118E 07 0.120E 0 7  0.135E 07 0.165E 0 7  0.173E 07 0.157E 07 

0.369E 05  0.446E 05 0.195E 05 0.275E 05 00136E 05 0-637E 05 0-425E 05  0.573E 05 0-185E 0 6  O - Z l Z E  06 0.155E 06 

0.4t2F 06 0.588E 06 0.427E M 0-462E 06 0.426E 06 00525E 06 0.493E 0 6  0.5596 0 6  C.728E 0 6  0.766E C6 0.694E 06 

0.188E 0 5  0.2276 05  O.992E 0 4  0.140E 05 0.690E 0 4  0.323E 05  0.216E 05 0.291E 05 0.938F 0 5  0.1OBE 06 0.787E 05  

0.202E 01 0.253E 07 0.187E 07 O.202E 07 0.184E 07 0.229E 0 7  0.2155E C 7  0.243E 07 0.317E 07 0.333E 07 0.302E C7 

0.377F 0 6  0.480E 06 0.353E 06 0.379E 0 6  0.349E 06 0.431E 06 0-406E 06 0.461E 06 C.606E 0 6  0.637E 06 0 .578E 06 

0 

c. 
0 



TABLE 3-9 (continued] 

PHOTON OOSE RATE TO VARIOUS CRGANS t AROVE COhTAHINATEO GROUND SURFACE )-CONTINUE0 

NUCL I D E  

1132 

1133 

1134 

I 1 3 5  

I 1 3 6  

XF131M 

XF 133H 

XF133 

XF135N 

XF135 

XF 137 

XF138 

CS134 

CS135 

C t 1 3 6  

CS137 

t S 1 3 8  

C t 1 3 9  

RA 133 

RA 137M 

R A l 3 9  

BA 140 

LA140 

CF 141 

CF 143 

CF144 

RLAOOER STOMACH SMALL UPPER LCWER KIDNEYS L l V E R  LUNGS MARROW YELLOY REO 
INTESTlNE LARGt  LARGE HARRCh MARROW 

INTFSTINE lhTEST INE 

0.241E 0 7  0.265E 07 0.214F 07 0.247E 07 0.202E 0 7  0.253E 0 7  0.23YE 0 7  0.269E 0 7  0.329E 0 7  0.346E 07 0.308E 07 

0.696F 06 0.831E 0 6  0.t30E 06 0.706E 06 0.626F 

0,755F 07 0.248F 07 0.220F 07 0.258E 07 0.194E 

0 ,198~ a i  ( 2 1 % ~  07 0 .166~ 07 0 . 2 1 1 ~  07 0 .170~ 

0.293E 0 7  0.299E 0 7  C.25@€ 07 0.355F 07 0.276E 

0.700F 0 5  0.226F 05 0.152E 05 0.100E 05 0.114F 

0.479F 05 0.507F 0 5  0.479E OS 0.50YE 05 0.373E 

0.512F 0 5  0.497F 05 0.458F 05  0.461E 05 0.367E 

0.439F 0 6  C 5 6 4 E  0 6  0.407E 06 0.438E 06 0.407F 

0.207F 0 6  0.210E 0 6  C.Zl8E 06 0.225E 06 0.175E 

0.181F 0 6  0.2236 0 6  0.168E 06 0.192E 06 C.169E 

0.812F 06 0.927E 0 6  C.790E 06 0.105E 07 0.815E 

0.163F 0 7  0.177E C7 0.145E 07 0.164f 0 7  0.133F 

0 6  0.746F 06 0.715E 0 6  0.809E 0 6  0.101E 0 7  0.106E 

07 0.259E 0 7  0.240E C7 0.269E 0 7  0.316E 0 7  0.334E 

0 7  0.168E 0 7  0.181E 07 O.ZO4E 0 7  0.226E 0 7  0.237E 

07 0.245~ 07  0.283~ 07 0 .313~ 07 0.334~ 07  0 . 3 5 3 ~  

05 0.295E 0 5  0.233E 05 0.296E 05 0.781E 0 5  0.880E 

0 5  0.587E 0 5  0.566E 05 0.673E 05 0.134F 0 6  0.146E 

05 0 . 5 8 1 ~  05 0 . 5 5 8 ~  c5  0 . 6 4 4 ~  0 5  0 . 1 4 7 ~  o t  0 . 1 6 0 ~  

0 6  0.502E 06 0.470E 06 0.533E 0 6  C.692E 06 0.727E 

0 6  0.228E 0 6  0.238E C 6  0.275E 06 0.462E 0 6  0.4SlE 

0 6  0.196E 0 6  0.191E 06 0.215E 0 6  0.267E 0 6  0.281E 

06 0.787E 06 0.879E 06 0.980E 06 0.117E 0 7  0.123E 

07 0-175E 0 7  00162E 07 0-182E 0 7  0.223E 0 7  0.235E 

0. a 0.0 0.0 0.0 0.0 0.0 0 .o 0.0 0. a 0.0 

0.774E 0 7  0.212E 07 0.196E 07 0.229E 07 0.169f 0 7  0.226E 0 7  0.213E 07 0.239E 0 7  0.292E 0 7  0.309E 

0.0 0.0 0. a 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 

0.222F 0 7  0.738E 07 0.200E 07 0.269E 0 7  0.212F 07 0,198E 07 0.221E 07 0.246E 0 7  0.268E 0 7  0.283F 

0.740F 0 6  0.240E 0 6  C.206F 06 0.26OF 06 0.222E 06 0.194E 0 6  0.226E 06 C.250E 06 0.267E 0 6  0.281E 

0,384F 0 6  0.465E 06 0.365E 06 0.388E 06 0.342E 0 6  0.441E 0 6  0.421F C6 0.481E 06 0-725E 06 0.771E 

0-564E 0 6  0.725F 06 C-524E 06 0.564E 0 6  0.524E 0 6  0.645E 06 0.604E 0 6  0.6856 0 6  OaE87E 0 6  0.931E 

0.449E 0 5  0.455F 05 0.466E 05 0.502E 05 0.391E 05 0.475E 05 0.508E C5 0.587E 05 0.950E 05 0.101E 

0.709F 0 6  0.263E 06 C.198F 06 0.212E 06 0.192F 06 0.239E 0 6  0.227E 06 O.258E 0 6  C1350E C6 0.369E 

0.257E 0 7  0.264E 0 7  C.220F 01 0.282E 0 7  0,233E 07 0.218E 0 7  0.241E 07 0.273E 0 7  0.306E 0 7  0.321E 

0.685F 0 5  0.647E 05 0.637E 05 0.627E 05 0.515E 05 0.735E 0 5  0.741E 0 5  0.840E 05 O.18ZE 06 0.196E 

0.759F C6 0.32OF 0 6  0.291E 06 0.314E 0 6  0.248E 06 0.334E 0 6  0.325E 06 0.373E 06 0.574E 0 6  0 . 6 l l E  

0.182F 0 5  0.174E 05  0.167E 05 O.166E 05 0.135E 05 0.199E 0 5  0.1S8E C5 0.226E 05 0.498E 0 5  0.540E 

07 0 . 9 6 0 ~  06 

07 0.291E 0 7  

07 0.212E 0 7  

E7 0.316E C7 

C5 0.672E 05 

06 O.12OE 06 

06 0.133E 06 

Ot 0.661E C6 

C6 C.429E 06 

O C  0.255E 06 

07 0 - l l O E  07 

07 0.208E 07 

0.0 

07 0.268E 07 

0.0 

07 0.253E 07 

C t  C.252E C6 

06 0.680E 06 

06 0.847E 06 

06 0.883E 05 

06 0.333E 06 

07 0.290E 07 

06 0.167E 06 

06 0.530E 06 

C5 0.455E 0 5  



NUCL I O F  

PR143 

PR 1 4 4  

~ n i 4 7  

PI4147 

PCI 148M 

PI4 I 4 8  

S H l S l  

El1 1 5 4  

f U 1 5 5  

EU156 

m i 6 2  

TR160 

T A l B Z  

W 185 

W187 

AI )  195M 

AU195 

A U 1 9 A  

A11199 

HG197 

H t 7 0 3  

T L 7 0 4  

TI. 70 e 

11.710 

PR704M 

PR710 

TABLE 3-9 (continued1 

PHOTON OOSE RATE TO V A R I O U S  CRGANS t ABOVE COhTAMINATEO GROUND SURFACE)-CONTINUED 

RLAOOER STOYACH SMALL UPPER LOWER KIDNEYS L I V E R  LUNGS MARROW YELLOW REO 
INTESTINE LARGE LbRGE MARRCW MARROll 

INTESTI  NF I NTEST I N €  

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0,271E 0 5  0.336E 0 5  0.270E 05 0.365E 05 0.284E 05 0.283E 0 5  0.305E 05 0.337E 0 5  0,380E 0 5  0.402E 05 0.359E 0 5  

0.140F 06 0.169E 06 0.131E M 0.139E 06 0.123E 06 0.161E 06 0.153E 06 0.174E 06 0.274E 0 6  0.292E 06 0.256E 06 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0,201F 07 0.242E 07 0.184E 07 0.201E 07 0.178E 0 7  0.225E 07 O.21OE 

0.715E 06 0.746E 0 6  C.610E Ob 0.75dE 06 0.634E 0 6  0.632E 0 6  0.672E 

O.154F 01 0.831E 01 O.11OE 01 0.1Y8E 01 0.548E 0 1  0,132E 0 2  0.441E 

0.142F 0 7  0.144E 0 7  0 .U2E 0 7  0.148E 07  C.119E 0 7  0.132E 07 0.134E 

0.587F 0 5  0.579E 0 5  0.551E 05 0.547E 0 5  0.453E 05 0.642E 05 0.648E 

0.136F 0 7  0.146E 0 7  0.126E 0 7  0.166E 0 7  0.124E 07 O.135E 07 0.140E 

0.431F 0 6  0.554F 0 6  C.4OOE Ob O.431E 06 O.4OOE 06 0.493E 06 0.462E 

0.115F 0 7  0 .11OE 0 7  O.1OlE 07 0.118E 07 0.876E 06 0.116E 07 0.109E 

0.145F 0 7  O.14lE 0 7  C.124E 07 0.152E 07 C.119E 07 0.132E 07 0.135E 

0.0 0.0 0. c 0.0 0.0 0.0 0.0 

0.164E 0 6  0.706E 0 6  0.152E W 0.163E 0 6  0.150E 0 6  0.187E 06 0.177E 

0.196F 06 0.202E C6 0.212E 06 0.219E 06 0,168E 06 0.222E 0 6  0.233E 

0.941E 0 5  O.118E 06 0.E79E 05 0.94dE 05 0.789E 0 5  0.120E 0 6  0.116E 

0.4C6F 0 6  0.522E 0 6  0.377E 0 6  O.4ObE ,06 0.377E 06 0.464E 06 0.435E 

0.858F 0 5  0.887F 0 5  C.52SF 05 O.Y55E 05 0.735E 0 5  0.976E 05 0.102E 

0.64lF 05  0.885E 05 0.620E OS 0.687E 05 0.570E 05 0.885E 05  0.842E 

0.196E 0 6  0.2OlE 0 6  0.214E 06 0.220E 06 0.168E 06 0.222E 06 0.233E 

O . l O 5 E  04 0.141E 0 4  0.575E 03 O.lO8E 04 0.902E 0 3  0.141E 04 0.133E 

0.265F 0 7  0.341E 07 0.283E 07 0.407E 0 7  0.296E 0 7  0.292E 0 7  0.32OE 

0.357E 01  0.481E 01 0.333E 01 0.370E 01 0.3C8E 0 1  0.481E 0 1  0.456E 

0.770E 0 7  O.Zl6E C7 C.191F 07 0.220E 07 0.164E 0 7  0,231E 0 7  0.2C9E 

n.906~ 0 4  0 . 1 2 5 ~  05 c . 8 4 5 ~  04 0 .938~  04 0 . 8 5 0 ~  04 0 . 1 2 2 ~  05 0.116~ 

07 0.238E 07 0.305E 0 7  0.321E 07 O.289E 

0 6  0.761E 0 6  0.E66E 0 6  0.9C9E 06 0.821E 

0 1  0.796E 0 1  0.493E 0 2  0.585E 02 0.400E 

0 7  0.151E 07 O.181E 0 7  0.191E 0 7  0,169E 

C 5  0.739E 0 5  0.166E 06 0.179E 0 6  0.150E 

0 7  0.155E 07 00173E 0 7  0.184E 0 7  0 - 1 6 1 E  

0 6  0.524E 06 0.679E 06 0.713E 0 6  0.648E 

0 7  0.123E 07 0.151E 0 7  0.159E 07 0.138E 

C7 O.152E 07 0.184E 0 7  0.194E 0 7  0.170E 

0.0 0.0 0 : o  0.0 

0 6  O.2OOE 06 0.282E 0 6  0 .257E 06 0.266E 

0 6  0 -271E 0 6  0.481E 06 0.512E 06 0.442E 

C 6  0.139E 06 0,381E 0 6  0.411E O t  0.326E 

06 0.494E 0 6  0.640E 06 0.672E 0 6  0.611E 

0 6  0 - 1 1 9 E  06 0.214E 0 6  0.228E 06 0.196E 

05 O.1OZE 06 0.292E 0 6  0.315E 0 6  0.247E 

06 0.270E 0 6  0.471E 0 6  0.501E 0 6  0.435E 

0 4  0.16ZE 04 0.469E 0 4  0.506E C4 0.3S6E 

0 7  0.348E 0 7  0.380E 07 0.404E 0 7  0.356E 

a i  0 . 5 5 4 ~  01 0 . 1 6 0 ~  02  0 . 1 7 3 ~  cz 0 . 1 3 5 ~  

C7 0.234E 0 7  0.279E 0 7  C.255E C7 0.257E 

C5 0.144E 0 5  0.423E 05 0.458E C5 0.356E 

07 

06 

0 2  

07 

C 6  

0 7  

06 

0 7  

07 

0 6  

06 

06 

06 

06 

0 6  

C6 

c 4  

c 7  

02 

c7 

c 5  

W 

CL w 
N 



TABLE 3-9 (continued) 

PHOTON DOSE RATE TO VARIOUS CRGANS ( AeOVE CONTAM INATEO GROUND SURFACE )-CONTINUE0 

NUCLIDE 

PB212 

PB214 

R1210 

61212 

6 1  2 1 4  

PO214 

PO218 

nN220 

RN2P2 

RA724 

RA226 

RA228 

A t 2 2 8  

TH228 

TU230 

TH231 

TH232 

i n 2 3 4  

PA233 

PA234U 

P 4234 

U232 

U233 

U234 

U235 

U?36 

BLAOMR STOMACH SMALL UPPER LCYER KIDNEYS LIVER LUNGS MARROW YELLOW REO 
INTESTINE LARGE L 4 RGE MARROh MARROW 

INTESTINE ILTESTINF 

0.126E 06 0.131F 0 6  0.135F 06 

0.226E 0 6  0.269E 0 6  0.221E 06 

0.0 0.0 0.0 

0.129E 0 6  0.143F 06 0.113E 06 

0.158~ 07 0.172~ 0 7  0 . 1 4 2 ~  a7 

0.120E 03 O.112E 03 0.103E 03 

0 . 9 9 1 ~  02 0 .920~ 02 0 . 8 5 0 ~  02 

0.359F 03 0.462E 0 3  0.334E 03 

0.13YE 

0.235E 

0.0 

0.134E 

0.184E 

a. 1 2 0 ~  

0.991E 

0.35 9E 

06 0.107E 0 6  0.143F 0 6  0.149E 06 0.174E 0 6  0.321E 0 6  0.342E 06 0.293E 0 6  

06 0.203E 0 6  0.258E 0 6  0.251E 0 6  0.288E 06 0.435E 06 0.460E 06 0.406E 06 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0 6  0o114E 06 O.12bE 0 6  0-127E 06 0.144E 0 6  0.173E 0 6  0.182E 06 0.164E 06 

07 0.147E 07 0.147E 07 0.158E 07 0.176E 0 7  0.199E 0 7  O.21OE G I  0.188E 07 

03 0.860E 0 2  O.125E 03 O.112E 03 0.125F 03 0.146E 03 0.155E 0 3  0.133E 0 3  

0 2  0.708E 0 2  0.103E 03 0.920E 0 2  0.103E 03 0.1ZOE 03 0.127E 03 O . l l O E  03 

0 3  0.334E 0 3  0.411E 0 3  0.385E 0 3  0.437E 03 0.564E 0 3  0.553E C 3  0.540E 03 

0.3S2F 0 3  0.503E 03 0.364E 03 0.392F 03 0.364F 03 0.447E 0 3  0.420E 

0.851E 0 4  0.86lE 04 0.925E 04 0.951E 0 4  0.728E 0 4  0.955E 0 4  0.101E 

0.614F 0 4  0.619E 0 4  0.663E 0 4  0.680E 04 0.523E 0 4  0.687E 0 4  0.723E 

00?17E 05 b 2 6 2 E  05 Oo115F 05 0.162E 05 0.799E 0 4  00375E 05 O.25OE 

0,785E 0 6  0,773E 0 6  0.683E 06 0.809E 06 0.627E 06 0.767E 0 6  0.748E 

0,104F 05 0.101E 05 0.103E 05 0.103E 05 0.855F 04 0.113E 0 5  0.116E 

0.234E 0 4  0.288E 04 0.227E 04 0.241E 0 4  0.244E 0 4  0.292E 0 4  0.286E 

0.723F 05 0,709E 05 0.665E 05 0.664E 05 0.571E 05 0.814E 0 5  0.793E 

0.729F 0 3  0.109E 0 4  0.t85E 03 0.754E 0 3  0.118E 0 4  0.999E 03 0.949E 

0.109F O S  0.10SF 05  0.103E 05 0.101E 05 0.843F 0 4  O.118E 0 5  0.119F 

0,213F 06 O.218E 06 0.224E 06 0.229E 06 0.180E 0 6  0.238E 0 6  0.247E 

0 , l l O E  05 O.102E 0 5  0.946E 04 0.109E 05 0.790E 04 0.114E 05 0.103E 

0.284E 07 0.330E 07 C.288E 07 0.400E 07 0.286E 07 0.300E 07 0.321F 

0.192E 0 4  0.224E 0 4  O.18OE 04 O.185E 0 4  0.225E 0 4  0.234E 0 4  0.225E 

0.429F 0 4  0.44SE 0 4  0.450E 04 0.461E 0 4  0.386E 0 4  00488E 0 4  0.504E 

O.112E 0 4  0.151E 04 0.115E 04 0.119E 04 0.164E 0 4  0.156E 0 4  0.146E 

0.184F 0 6  O.184E 0 6  0.195E 06 0.199E 06 0.155E 0 6  0.205E 0 6  0.215E 

0.263E 0 3  0.510E 03 O.24BE 03 0.275E 03 0.885E 0 3  0.468E 0 3  0.378E 

0 3  0.476E 03 0.615E 0 3  0.645E G3 0.588E 03 

as 0.116~ 05  0.200~ 05 0 .213~ 05 0.186~ 05 

a4 0 . 8 3 6 ~  04 0.145~ 05 0 . 1 5 5 ~  as 0 . 1 3 5 ~  05 

05 00337E 05 0.109E 0 6  0.125E 06 0.912E 05 

06 C.842E 06 0.104E 0 7  0.1lCE G7 0.964E 0 6  

05 0.134E 05 0.269E 05 0.289F 05 0.248E 05 

04 0 . 3 5 9 ~  04 0.959~ 04 o.iasE 05 0.8246 04 

05 0.923E 05 O.212E 0 6  0.231E 06 0.192E 06 

a3 0 . 1 3 7 ~  04 0.452~ 04 0 . 5 0 3 ~  04 0 . 3 7 6 ~  04 

05 0.136E 05 0.298E 05 0.321E 05 O.27ZE 05 

06 0.284E 06 0.500E 0 6  0.534E Of 0.464E 06 

05 O.115E 05 0.14lE 0 5  0.149E 05 0.129E 05 

c7 c .352~ 07 0.399~ 0 7  0 . 4 2 4 ~  c7 0 .370~ 07 

04 0.290E 0 4  0.815E 0 4  0.9C2E 04 0.705E 04 

04 0 . 5 9 3 ~  04 0 .117~ 05  0 .126~ 05 0 . 1 0 6 ~  05 

04 0 .197~ 04 0 . 5 9 1 ~  0 4  0 . 6 5 9 ~  c4 0 . 5 0 5 ~  a4 

06 0.247E 0 6  0.445E 0 6  0.475E 06 0.412E 06 

03 0.715E 0 3  0.294E 0 4  0.339E C4 0.240E 04 



TABLE 3-9 (continued) 

PHOTCN OGSE RATE T O  VAHIOUS ORCANS I ABOVE CGhTAMINATED GROUND SURFACE)-CCKTINUEO 

NUCl I D F  BI AOOFR STOMACH SMALL UPPER LCCER KIDNEYS L IVER LUNGS MARROW YELLOW RED 
INTESTINE LAKGE LbRGE M A R R G h  MARROW 

INTESTINF INTESTINE 

I1217 0.231F 06 0.735E 0 6  0.232E 06 O.256E 0 6  0.189E 06 0.259E 06 0.265F 0 6  0.306E 0 6  0.625E 0 6  0.671F 0 6  0.569E 0 6  

lJ738 0.570F 03 G.700E 0 3  O.490E 03 0.502E 03 O.585E 03 0.703E 0 3  0.635F C3 0.962E 0 3  0.323E 0 4  0.367E 0 4  0.273F. 0 4  

11740 

NP237  

NP738 

NP719 

NP74ON 

P U Z l h  

PI1218 

PI1239 

PI1740 

PU741 

PU24 7 

PI1744 

AM741 

A M 2 4 7  

AH743 

CM242 

CM247 

CM244 

CF752  

0.373E 0 4  C.556E C4 0.349F 04 O.3b7E 0 4  0.547F 0 4  0.541E 0 4  0.490E 0 4  0.684E 0 4  0.228E 05 0.253E 05 0.189E 0 5  

O.RR7F 05 0.857E 05 C.E75€ 05 0.674E 05 0.702F 05 0.963E 05 0.990E 0 5  0.113E 0 6  0.22bF 0 6  0.242E C6 0.2GaE C6 

0-55OF 0 6  0.548F O h  0.506F 06 0.590E 06 0.421E 00 0.611E 0 6  0.548E 0 6  0.611E 0 6  0.716E 0 6  0.759E C C  0.653E C6 

0.163F 06 D.161E 06 0.168E 06 0.170E 0 6  0.134F 0 6  0.179E 0 6  0.187E 0 6  0.215E 0 6  0.402E 0 6  0.430E 06 0.371E 0 6  

0.364F 0 6  0.417E C6 C.326E 06 0.374E 06 0.323E 0 6  0.375F 0 6  0.367E C6 0.416F 0 6  0.515E 06 0-541E C6 O.488E 0 6  

0.403F 03 0.6hrjF 0 3  0.379E 03 0-399E 03 0 -113E 0 4  0.673E 0 3  0 -537E 0 3  0 -947E 0 3  0.372E 0 4  0 - 4 3 0 E  C4 0.3C5E C4 

0.177F 0 3  0.385E 03 0.169E 03 0.175E 03 O.871E 0 3  0.346E 0 3  O.2M)E 03 0.592E 0 3  0.262E 0 4  0.306E C4 0.214E 0 4  

0.131F 03 0.231E 03 0.109F 03 0.126E 03 0.360F 0 3  0.233E 0 3  0.178E C3 0.324E 0 3  0.130E 0 4  0.150E 04 0.107E 0 4  

0.194F 0 3  C.377F 03 0.184E 03 O.IY4E 0 3  0.779E 0 3  0.347E 0 3  0.272E 03 0.564E 0 3  0.238E 0 4  0.277E 04 0.1Y6E 0 4  

0.0 0. 0 0.0 0.0 0.0 0.0 0.0 0 .o 0.0 c.0 0.0 

0 - l l l E  03 0.799E 0 3  O.lO8E 03 0.119E 03 0.716F 0 3  0.259E 03 0.184E 0 3  0.463E 0 3  0.216F 04 0.253E 0 4  0.17% C4 

0.0 0.0 c. c 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 

0.341E 05 0-45AE 05 0-316E 05 0.351E 05 0.296E 05 0-459E 05 0.433E C5 0.530E 05 0.154E 06 0.166E 06 0.130E 06 

0.3t7F 0 5  0.348E 0 5  0.345E 05 0.338E 05 0.284E 05 0.394E 05 0.398F 05 0.452E 05 C.584E 05 0.1C6E C6 0.904E 05 

0.3C9E 0 5  0.416E 0 5  0.286E 05 0.320E 05 0.267E 05 0.416E 05 0.394E 05  0.479E 05 0.139E 0 6  0.150E C6 0.117E 06 

0.114F 0 3  0.302F 03 0.109E 03 O. l ldE 03 0.758F O ?  0.263E 0 3  0.184E C3 0.479E 03 0.225E 0 4  0.264E 0 4  0.182E 04 

0 - 1 5 5 F  C6 0 -153F  06 0.160E 06 O - l b l E  06 0.127E 06 0.170E 06 0.177E 0 6  0.204E 0 6  C.382E 0 6  0.4C9E 0 6  0.353E 06 

0.965F 0 4  O. l l3F 0 5  C.9C3E 06 0.950E 0 4  0.796E 04 O.118E 0 5  0.115E C5 C.136E 05 0.355E 05  0.383E C5 0.308E 05 

0 - 5 7 3 F  0 6  0 -609E 06 0.506E 06 0.607E 06 0.512E 06 0.530E 06 0 -562E 06 0.633E 0 6  0.783E 0 6  0.826E 06 0.742E C 6  

W 
I + 
v) 
P 



NUCLIDE 

n 3  

8F7 

C l l  

C 14 

N13 

0 1 5  

F 1 8  

NA22 

NA24 

MG2 8 

AL28 

P 3 1  

P33 

535 

CL 3 6  

CL38 

A 3 7  

A 3 9  

K 4 0  

K 4 2  

K43 

CA45 

CA47 

CA49 

SC46 

SC47 

S t 4 9  

CR5l 

MN5 2M 

HNSZ 

MN54 

TABLE 3-9 (continued) 

PiOTON DOSE RATE TO VARIOUS ORGANS (ABOVE CONTAMINATED GROUND SURFACE)-CONTINUE0 

HUStLE OVAdI E S  PANCREAS SKELETON SKIN SPLEEN TESTES THYMUS THYROID UTERUS TCTAL BODY 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

O.636E 05 0.233E 05 00388F 05 0-777E 0 5  0.777E 05 0-672E 0 5  0.707E 05  0.388E 05 0.670E 05 0.424E 05 0.636E 0 5  

0.132E 07 0.483E 06 O.805E 06 0-161E 0 7  0-161E 0 7  0.139E 07 0.147E 07 0.805E 0 6  0.139E 07 0.879E 06 0.132F 0 7  

0.0 0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 0.0 

0.132E 0 7  6 4 8 3 E  06 0.806E 06 0.16lE 07  0-161E 07 0-139E 0 7  0.147E 07 0.806E 0 6  0.139.E 0 7  0,880E 06 0.132E 0 7  

0-132E 0 7  0.484E 06 0.806E 06 0-161E 0 7  0.161E 07 O.139E 0 7  0.147E 07 0.806E 0 6  0.139E 0 7  O.881E 06 0.132E 0 7  

0.128E 0 7  O.468E 06 0.781E 06 0-156E 0 7  0.156E 07 0.135E 0 7  00142E C7 0.781E 0 6  0.135E 0 7  0-852E 06 00128E 0 7  

0.289E 07  0.205E 07 0.221E 07 0-322E 07 0.330E 07 0.319E 0 7  0-258E C7 0.233E 07 0.295E 0 7  0.1F5E 07 0.289E C7 

0.453E 0 7  0.462E 07 0.446E 07 0.471E 07 0.532E 0 7  0.366E 07 0.269E 07 0.457E 07 0.434E 0 7  0.342E 07 0.453E 07 

0.179E 0 7  0.147E 07 O.154E 07 0.193E 0 7  0.207E 0 7  0.197E 07 0.146E C7 0.154E 0 7  0.172E 0 7  O.122E 07 O.18OE 0 7  

0-719F 0 7  0.204E C7 0.189E 07 0.230E 07 0.239E 07 0.249E 0 7  00164E 0 7  0.204E 0 7  0-219E 0 7  0.149E 07 0.219E 07 

0.0 0.0 0.0 0.0 0 00 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.187F 0 1  0.241E 00 0.329F 00 0.036E 00 0.104E 0 3  O.114E 0 1  0.405E 0 1  0.685E-04 0.231E 00 0.456E-C4 0.558E 0 1  

0.168E 0 7  0.171E C7 0.164E 07 0.175E 0 7  0.197E 07 0.138E 0 7  0.101E C7 0.169E 0 7  0.161E 0 7  0.126E 07 0.168E 07 

Ool lOE 03 0.142E 02 0.194E 02 0.493E 02 0.613E 04 0.674E 0 2  0-239E 03 00404E-02 0.136E 0 2  0.269E-02 0-329E 0 3  

0.0 0.0 0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0 .o 0.0 

0.202E 0 6  Q l 8 8 E  06 0.175E 06 0.212E 06 002ZlE 06 0.230E 06 0.152E 06 O.188E 0 6  0.202E 0 6  0.138E 0 6  0.202E 06 

0.352F 06 0.328E 0 6  C.304E 06 0.369E 0 6  0.385E 0 6  0.398E 0 6  0.264E 06 0.328E 0 6  0-352E 0 6  0.240E 06 0.352E 06 

0.126E 0 7  0.470E 06 0-781E 06 0.154E 07 0.154E 07 0.133E 07 0.140E 07 0-775E 0 6  0.132E 0 7  0.843E 06 0.126E 07 

0 -0 0.0 0.0 0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 

0.139E 07 0.126E 0 7  0.120E 07 0.147E 07 O.154E 0 7  0.157E 0 7  0.107E 07  0-127E 07 0-138E 0 7  0.951E 06 0.139E 07 

0.345E 0 7  0.345E 0 7  C.600E 07 0.345E 07 0-374E 07 0.316E 0 7  0-207E C7 0-574E 07 0-600E 0 7  0.264E 0 7  0.345E 07 

0-233F 0 7  0.143E 07 00233E 07 0.256E 07 0.301E 0 7  0.233E 0 7  0.211E 0 7  0.158E 0 7  0.173E 0 7  0.166E 07 0.233E 07 

O-118E 06 0.703E 0 5  0.765E 05 0.195E 0 6  0.156E 0 6  00105E 0 6  0.169E 06 O-lOSE 0 6  O.124E 0 6  0.781E 05 0.129E 06 

0.0 0.0 c. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .o 
0.539E 0 5  0-320E 05 C.348E 05 O1886E 05 0.734E 0 5  0-480E 0 5  00768E 05 01479E 05 0.562E 0 5  0.355E C5 00587E 05 

0.317F 0 7  0.230E 0 7  0.244E 0 7  0.353E 07 0.361E 0 7  0.351E 07 0*280€ 0 7  0.258E 0 7  0.323E 0 7  0.214E 0 7  0.317E 07 

0-43OF 0 7  0.304E 0 7  0.357E 07 0.476E 07 0.506E 0 7  0.466E 07 0.380E 07 0.338E 07 0.410E 0 7  0.295E 07 0.431E 07 

00102E 0 7  0.623E 0 6  0.102E 0 7  O- l lAE 0 7  00131E 0 7  O.lOZE 0 7  0.918E 06 0.688E 06 00754E 0 6  0.721E 06 O.lO2E 07 



TABLE 3-9 (continued) 

PHOTON DOSE RATE TO V A R I O U S  CRGANS (ABOVE CONTAMINATED GROUND SURFACE)-CONTINUED 

N U C L I D E  MUSCLE O V A R I E S  PANCREAS SKELETON S K I N  SPLEEN TESTES THYMUS THYROID UTERUS TOTAL 8OOY 

FE52 00925E 06 Oo381E 06 0-571E ob O.121E 07 O.115E 0 7  0.946E 0 6  0.109E 07  0-616E 0 6  0.972E 0 6  0.615E 06 0.941E 0 6  

FESS 0.622E 03 0.80lE 02  0.109E 03 0.278E 03 0.345E 0 5  0.380E 0 3  0.135E 04 0.228E-01 0.767E 0 2  0.152E-01 0.185E C4 

FE59 0-147F 07 O. l l4E 0 7  0.136E 07 O.158E 07 0.174E 07 0.157E 07 0.121E 07 0.119E 07 0.129E 0 7  0.102E 07 0.147E 0 7  

COS6 0.435E 0 7  00369E 07 0.451E 07 0.463E 07 0.511E 07 0.423E 07 0.326E 07 0.421E 07 0.447E 0 7  0.314E 07 0.435E 07 

COS7 0-193F 06 00947E 05 0-116E 06 0-397E 06 00267E 0 6  0.136E 0 6  0.209E 06 0.116E 06 0.272E 06 0.923E 05 0.224E 0 6  

COS8 

C060 

MI 56 

N 163 

CU64 

tu65 

ZN69M 

LU69 

6A67 

6 4 6 8  

GE77 

6 5 7 6  

AS77 

SE75 

SE77M 

BR 8 0 M  

8R80 

BR82 

B R 8 3  

R R 8 4  

KR 7 9  

0.121E 0 7  0.69SE 06 0.113E 07 0.135E 07 

0.308E 07 0.245E 07 0.284E 07 0.329E 07 

0.214E 0 7  0.135E 07 0.190E 07 0.253E 07 

0.0 0. 0 0.0 0.0 

0 . 2 7 3 ~  0 6  o . 1 0 7 ~  06 0 . 1 7 0 ~  06 0 . 3 3 1 ~  06 

O.7llE 06 0.431E 06 0.704E 06 O.782E 06 

0.542E 06 00198E 06 0.331E 06 0.661E 06 

0.0 0.0 0. a 0.0 

0.271F 06 b 1 4 3 E  0 6  0.172E 06 0.446E 06 

0.122F 07 0.465E 06 0.77OE 06 O.149E 07 

0.118E 0 7  0.640E 06 0.863E 06 0.153E 07 

0.560E 06 0.305E 06 0.391E 06 0.654E 06 

0.934E 0 4  0.489E 04 0.593E 01 O.144E 05 

0.778E O b  0.539E 06 0.562E 06 0 . l l l E  07  

Oo1U)E 06  0.770E 0 5  00839E 05 0.214E 06 

0 . 6 7 1 ~  os 0.255~ as o.942E 04 0 . 1 0 9 ~  06 

0 . 1 1 ~ ~  06 0 .431~  05 0 . 7 0 7 ~  05 0 . 1 4 0 ~  06 

0.33% 0 7  0.207E 0 7  0.281E 07 0.377E 07 

0.908E 0 5  0.320E 05 0.531E 05 0.108E ob 

0.208E 07 0.187E 07 0.259E 07 0.218E 07 

0.397E 06 0.173E 06 0.257E 06 0.511E 06 

0-154E 0 7  0.122E 0 7  0.113E 

0.362E 0 7  0.332E 07 0.251E 

0.269E 07 0.216E 0 7  0.209E 

0.0 0.0 0.0 

0 . 3 3 4 ~  06 0 . 2 8 9 ~  0 6  0 . 2 9 9 ~  

0.921E 0 6  0.712E 0 6  0.646E 

0.662E 0 6  0.572E 0 6  0.602E 

0.0 0 .o 0.0 

0.361E 0 6  0-239E 0 6  0.348E 

00150E 07 0.129E 0 7  0.135E 

00148E 07 0.117E 0 7  0.131E 

0.666E 0 6  0.593E 0 6  0.555E 

0.121E 0 5  0.872E 0 4  0.123E 

0.961E 0 6  0.760E 06 0.8456 

0.177F 06 0.116E 0 6  0.185E 

0.255E 06 0.250E 0 5  0.9S9E 

0.141E 0 6  0.122E 0 6  0.127E 

0.407E 07 0.353E 0 7  00311E 

0.267E 0 6  0.924E 0 5  0.103E 

0 . 2 4 6 ~  07 a.iaoE 07 0 .141~  

0.504E 06 0.405E 0 6  0.455E 

07 0.807E 06  

07 0.254E 07 

c7 0 . 1 5 8 ~  07 

0 .o 

06 0.171E 06 

06 0.481E 0 6  

06 0.331E 06 

0.0 

06 0.209E 0 6  

c 7  0 . 7 5 3 ~  06 

0 7  0.871E 0 6  

C6 0.399E 0 6  

05  0 . 1 4 6 ~  04 

0 6  0.657E 0 6  

06 0.116E 0 6  

05 0.370E 0 5  

06 0.708E 05 

C7 0.242E 07 

0 6  0.525E 05 

07  0 . 2 3 8 ~  07 

06 0.266E 06 

a. 561 E 

0.274E 

0.184E 

0.0 

0.287E 

0.533E 

0.571E 

0.0 

0.303E 

0.127E 

0.116E 

0.5 I 8 E  

0.990E 

0. e 3 6 ~  

0.135E 

0.739E 

0.12lE 

0.305E 

0.909E 

0.243E 

0.408E 

0 6  0 . 8 4 8 ~  06 0 . 1 2 1 ~  t.7 

0 7  0 . 2 1 4 ~  c 7  0 . 3 0 8 ~  07  

0 7  0 . 1 4 8 ~  07  0 . 2 1 7 ~  07 

0.0 0.0 

0 6  0.182E C6 0.273E C6 

0 6  0.5C4E 06 0.711E C6 

0 6  0.361E 06 0.542E 06 

0.0 0.0 

0 6  0.168E 06 0.294E 0 6  

0 7  0.819E C6 0.122E 07 

0 7  0 . 8 0 2 ~  06 0 . 1 2 1 ~  07 

0 6  0.379E 06 0.560E 0 6  

0 4  0.613E 04 0.995E 04 

06 0.501E 06 0.821E C6 

0 6  0 . e 5 6 ~  05 0 . 1 4 2 ~  06 

0 5  0.900E 04 0.759E 05 

06 0.768E 05 0.115E 0 6  

0 7  0.230E 07 0.335E 07 

05 0 . 5 7 3 ~  05 0 . 9 6 2 ~  05 

07 0.156E C7 0.208E 07  

0 6  0.264E 0 6  O.404E 0 6  



NUCL I OF 

KR83M 

K R 8 5 M  

KR85 

KR 8 7  

K R  88 

RR84 

RR86 

R B 8 8  

RR89 

RE90 

SR85  

tR87M 

t R 8 9  

S R 9 0  

SR91 

SR92 

LR93 

Y 8 7  

Y88 

Y 90 

Y91H 

Y 9  1 

Y 9 7  

Y 9 3  

7R 9 5  

Z R 9 7  

TABLE 3-9 (continued) 

PHflTON DOSE R A T E  TO V A R I O U S  CRGANS IARDVE CONTAMINATED GROUND SURFACE)-CONTINUED 

MUSCLE IlVARIES PANCREAS SKELFTON SKIN SPLEEN TESTES THYMUS THYROID UTERUS TOTAL BODY 

0.426F 0 4  0.396E 03 0.500E 03 O.342E 04 0.593E 0 5  0.525E 0 3  0.425E 04 0.188E 0 3  0.378E 0 3  O.4OlE 02 0.584E 04 

O.lAZF 06 0.108E 0 6  O.118E 06 0.300E 06 0.241E 0 6  0.162E 06 0.259E 06 O.162E 06 0.190E 0 6  0.120E 06 0.198E 06 

0.266F 0 4  0.974F 0 3  0.162E 04 0.325E 0 4  0.325F 04 0.281E 0 4  0.296E 04 0.162F 0 4  0.280E 0 4  0.177E 04 0.266E 04 

0.879F O t  0.724E 06 C.821F O b  0.959E 06 0.107E 0 7  0.729E 0 6  0.6436 06 0.795E 0 6  0.E56E 06 0.653E 0 6  0.879E 06 

0.217F 0 7  0.216E 07 0.219E 07 0.132E 07 0.264F 3 7  0.159E 07 0.132E C7 0.217E 07 0.202E 0 7  0.167E 07 0.218E 07 

O.ll6E 0 7  0.645E 06 0.1C4E 07 0.130F 07 0.148E 07 0.116E 0 7  O . l l O E  0 7  0.771E 0 6  0.553E 06 0.809E 06 0.116E 07 

0.109F 06 0.669E 0 5  0.1C9F 06 OIILOE 0 6  0.141F 06 0.109E 0 6  0.986F 05 0.740E 05  O.81OE 05 0.775E CS 0.109E 06 

0.755E 0 6  0.738F 06 0.808E 06 0.78YE 06 0.924E 06 0.545E 0 6  0.447E 06 0.761E 0 6  0.708E 0 6  0.586E 06 0.755E 06 

0.279E 0 7  0.239E 07 0.273E 0 7  0 .297E 07 0.334E 0 7  0.262E 0 7  0.205f 07 0.252E 0 7  0.259E 07 0.203E 07 0.279E 07 

0.279E 0 7  0.258F 07 C.435E 07 0.284E 07 0:315E 0 7  0.257E 0 7  0.183F 07 0.402E 07 0.421E 0 7  O.211E 07 0.279E 07 

0.7e9E 06 0.288F 06 0.481E 00 0,962F' 0 6  0.477E 06 0.832E 06 0.876F 06 0.481E 0 6  C.830E 0 6  C.525E 06 0.789E 06 

0.424F 0 6  0.155F 06 0.259F 06 0.518E 06 0.5 

0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 

0.9llE 06 0.508E 06 0.144E 06 0.104E 07 0.1 

0.164F 0 7  0.151E 07 0.141E 07 0.173E 07 0.1 

O.IE7F 0 7  0.104F 0 7  O.148E 07 0.218E 07 

0.753F 06 0.275E C6 C.459E 06 0.918E 0 6  

0.315E 0 7  0.293E 07 0.326E 07 0.331E 07 

0.0 0.0 a. c 0.0 

0.682E 0 6  0.250E 06 0.416E 06 0.832E 06 

n . 3 2 2 ~  0 4  0.301~ 04 0,278~ 06 0.338~ 04 

0.302F 0 6  0.210E 0 6  C.277F 06 0.330E 06 

0.861E 0 5  0.689E 05 0.776E 05 0.105E Ob 

0,848F 0 6  0.451E 0 6  0.741E 06 O.lO3E 07 

0.224F 0 6  0.149E 0 6  0.186F 06 O.253E 06 

BE 06 0.448E 0 6  0.471E 06 0-259E 0 6  0.447E 0 6  0.283E 06 0.424E 06 

0 .o 0.0 0.0 0 . 0  0.0 0.0 

0.0 0 .o 0.0 0 .0  0 .o 0.0 

ZE 0 7  0.951E 0 6  0.881E 0 6  0.627E 06 0.830E 0 6  0.627E 06 0.911F. 06 

bE 07 0.186E 0 7  0.124E 07 0.152E 0 7  0.164E 0 7  O.11ZE 07 0.164E 07 

0.230E 0 7  0.195E 0 7  0.185E C7 0.131E 0 7  0.175E 0 7  0.128E 

0.938E 06 0.793E 0 6  0.836E C6 0.459E 06 0.791E 06 0.5ClE 

0.391E 0 7  0.233E 0 7  0.197f 07 0.295E 0 7  0.275E 0 7  0.242E 

0.0 0.0 0.0 0.0 0.0 0.0 

0.833E 06 0.720F 0 6  0.757E C6 0.416E 06 0.718E 0 6  0.454E 

0.352E 0 4  0.366E 0 4  0.242E 0 4  0.301E 04 0.322E 04 0.220E 

0.369E 06 0.312E 06 0-262E 06 0.229E 06 0-259E 0 6  0.21l.E 

0.108E 0 6  0.714E 0 5  0.757E 05 0.773E 05 0.801E 05 0.628E 

0,113F 0 7  0.920E 0 6  0.894E 06 0.581E 06 C.791E 0 6  0.620E 

0.269F 06 0.233E 0 6  0.204E C6 C.17lE 06 0.211E 0 6  0.155E 

07 0.188E 0 7  

C t  0.753E 06 

07 0.315E C7 

0.0 

06 0.682F 06 

04 0.322F 04 

06 0.302E C6 

05 0.881E C5 

06 0.8S8E 06 

C6 0.225E 06 



NUCL I DE 

NR95M 

NB95 

NB97M 

N 0 9 l  

M 0 9 9  

TC99M 

f C 9 9  

RU103 

RUIorI  

RH103M 

R H I O 5  

RH 106 

PO103 

A 6 1  l O M  

A G l l l  

C D l l l  M 

t o 1  1 3 M  

COllSM 

IN113M 

I N  114M 

I N 1 1 4  

I N 1  LSM 

SN113 

SN119M 

SN 123 

SN12 5 

TABLE 3-9 (continued1 

PHOTON OOSE RATE TO VARIOJS CRGANS ( ABOVE CONTAM INATEO GROUND SURFACE I-CONT 

MUSCLE OVARIES PANCREAS SKELETON SKIN SPLEEN TESTES THYMUS THYROID UTERUS 

NUEO 

TOTAL BODY 

0.644E O S  0.382E 05 0.416E 05 0.106E 06 0.850E 05 0.5746 05 0.918E 05 0.574E 05 0.672E 0 5  0.425E 05 0.701E 05 

0 . 9 1 B E  06 O.563E 0 6  0.918E 06 0-101E 07 0.119E 07 0-918E 06 0.830E C6 0.622E 0 6  0.681E 0 6  0.652E 06 0.918E 06 

0.931E 0 6  0.341E 06 0.568E 06 0.114E 07 0.114E 07 0,983E 06 0.103E 07 0.568E 0 6  0.981E 06 0.621E 06 0.931E 06 

0.852E 06 6 3 2 0 E  06 0.528E 06 O.104E 07 0.104E 07 O.899E 0 6  0.941E 06 0.523E 0 6  0.892E 06 0.569E 06 0.852E 06 

0.220E 06 0.971E 05 0.1556 06 0.270E 06 0.277E 0 6  0.226E 06 0.239E 0 6  0.142E 06 0,215E 0 6  0.148E C6 0.222E 06 

0.141E 06 0.692E 05 0.848E 05 0.291E 06 0.190E 06 0.9826 0 5  O.152E 06 C.847E 05 0.199E 06 0.669E 05 0.163E 0 6  

0.0 0.0 0. c 0.0 0.0 0.0 0.0 0.0 0.0 0 .0  0.0 

O i 6 4 l E  06 0.235E 

0.0 0.0 

0-382E 04 0-649E 

0.921E 0 5  0.546E 

0.239E 06 0.930E 

0.242F 0 4  0.154E 

00340E 0 7  0.209E 

0-363F 05 6.2156 

0.437E 06 0.243E 

0,653E 0 3  0.378E 

0.404E 0 5  0.296E 

0.325E 06 CL119E 

0-139E 06 0.619E 

0-540E 0 4  0.445E 

0.204€ 06 0.12OE 

0,5886. 05 0.209E 

0.258E 0 5  0.803E 

0.0 0.0 

0-362F 06 0.252E 

06 0.391E 06 0. 763E 

0.0 0.0 

03 0.842F 03 0.407E 

05 0.595E 05  O.1SZE 

05 O.151E W 0.291E 

04 G. 128E 0 4  0.492E 

07 C,i83E 07 0.383E 

05 0.2346 05 0.5996 

0 6  0,275E 06 0.789E 

03 0.411E 03 0.107E 

05 0.374E 05 O.438E 

06 0.198E 06 0.397E 

05 O.L47E 05 0.192E 

0 4  0.433E 04 0.585E 

0 6  0.130E 06 0.3356 

05 0.243E 05 0.775E 

04 0.429E 0 4  0.374E 

0.0 0.0 

0 6  C.357E 06 0.396E 

06 0.1856 06 0.676E 0 6  0.7136 06 0.391E 06 0.675E 

0.0 0.0 0.0 0 -0 0.0 

04 0.216E 05 0.404E 0 3  0-585E 0 4  0.3SBE 03 0.159E 

06 0-122E 06 0.821E 05 0.131E 0 6  0-820E 0 5  0.961E 

06 0.292E 0 6  0.251E 0 6  0.261E 0 6  0.148E 06 01249E 

04 0,371E 0 4  0.183E 0 4  0.253E C4 0.175E 0 4  O.274E 

07 0.413E 0 7  0.359E 07 0,317E 07 0.2't6E 07  0.312E 

0 5  0.479E 05 01322E 0 5  0.516E 0 5  0.322E 05 0.379E 

06 0.578E 06 0.357E 06 0.566E 06 0-342E 06 0.5lLE 

0 4  0.943E 0 3  0.563E 0 3  0.933E 0 3  0.5656 0 3  0.670E 

05 0.488E 05 0.427E 05 0.344E 05 0.314E 05 0-348E 

06 0.397E 06 0.343E 0 6  0-361E 0 6  0-198E 0 6  0.342E 

06 0.189E 06 00134E 06 0.172E 0 6  0.975E 05 0.144E 

0 4  0-669E 0 4  0.588E 0 4  0.450E C4 0'.464E 0 4  0.537E 

06 0.282E 06 0.179E 0 6  0,291E 06 0.179E 06 O.211E 

05 0.209E 0 6  0.264E 0 5  0.871E C5 0.260E 05 0.402E 

05 0.930E 05 0.712E 0 4  0.389E 05 0.104E 05 0.229E 

0.0 0.0 0.0 0 .o 0.0 

06 0.459E 06 0.340E 0 6  0.304E 06 0.273E 06 0.288E 

0 6  0.427E 06 0.641E 06 

0.0 0.0 

0 4  0.533E 02 0.419E 04 

05  0.608E 05 0.100E 06 

0 6  0.159E 06 0.239E 0 6  

0 4  0.706E 03 0.274E 0 4  

07 0.234E 07 0.340E 07 

0 5  0.239E C5 0.395E 05 

0 6  0.2586 06 0.487E 06 

03 0.415E 03 0.710E 03 

05 0.281E 05 0.404E 05 

0 6  0.217E 06 0.325E C 6  

0 6  0.8S4E 05 0.144E 06 

0 4  0.354E 04 0.542E 04 

06 0.132E 06 0.222E 06 

0 5  0.177E C5 0.638E 05 

05 0.245E 04 0.281E C5 

0.0 0.0 

0 6  0.261E 06 0.362E 06 

W 



NLIcL 1 DE 

SI3122 

t R 1 2 4  

SRl75 

tfi 127 

TE123H 

TF125H 

TF 177H 

TF127 

TF l29H 

TE129  

TF131H 

TE131 

T E 1 3 2  

1123 

I 1 7 4  

1125 

1126 

I 1 2 9  

1110 

1131 

1132 

1133 

I 1 3 4  

I 1 3 5  

I 1 3 6  

X f  131H 

TABLE 3-9 (continued) 

PHOTON ODSE RATE TO V A R I O U S  CRGANS I ABOVE COhTAHINATEO GROUND SURFACE )-CONTINUE0 

MUSCLE O V A R I E S  PANCREAS SKELETON S K I N  SPLEEN T E S T E S  THYMUS THYROID UTERUS TOTAL BODY 

0-534E 06 O . Z O l E  06 C.334E Ob 0.b5OF 06 0-654E 0 6  0.563E 0 6  0.590E 06 0.328F 0 6  0.557E 06 0.357E 06 0.535E 06 

0.231F 0 7  0.165E 07 0.180E 07 0.758E 07 0.267E 0 7  0.247E 0 7  0.203E 07 0.187E 0 7  0.234E 0 7  0.158E 07 0,231E C7 
\ 

0-642E 0 6  0.24OF 06 0.384E Ob 0-8OOE 0 6  0.807E 06 0-662E.06 0.725E C6 0.396E 0 6  0.678E 0 6  0.418E 06 0.645E 06 

0.842E 0 6  0.359E 0 6  0.578E 06 0.102E 0 7  0 - 1 0 4 f  0 7  0.875E 06 0.910E 06 0.536E 0 6  0.e38E 06 0.567E 06 O.845E 06 

0.203F 0 6  0.118E 06 C.126E 06 0.334E 06 0.281E 06 0.175F 0 6  0.29OF 06 0.177E 06 0.213F 0 6  0.128E C6 0.221E 06 

0.856F 0 5  0.348E C5 0.128E 05 0.149E 06 0.223E 06 0.335E 0 5  0.133E 06 O.511E 05 0.103E 06 C.130E 05 0.973E 05 

0-243f  0 5  0-942F 0 4  0.343E 04 0.402E 05 0.616E 0 5  0.904E 0 4  0.360F 05 0.138E 05 0-278E 0 5  0.348E 04 0.264F 05 

0-527F 04 0.200E 04 0.322E 04 0.658E 04 00649E 0 4  0.551E 0 4  0.595E 04 0.330E 0 4  0.556F 04 0.350E 04 0.530E 04 

0-720E 0 5  0.274F 05 0.413E 0 5  0.912F 05 0-987E 05 0.701E 0 5  0.824E 05 0.439E 0 5  0.757F 05 0.438E 05  0.727E 05 

0-107F 0 6  0.436E 0 5  C.68GF 05 0-127E 06 0.132E 06 0.104F 0 6  0-113E 0 6  0.653E 05 0-103E 0 6  0.670E C5 0.103E 06 

0-168F 0 7  O - l l Z E  0 7  0-157F 07 0.1Y3E 0 7  0-213E 07 0.165E 0 7  0-153E 07 0.126E 07 0-140E 07 O.11BE 07 0.170E C7 

0.498E 0 6  0.254F 0 6  0.37SE 06 0.683E 06 0.635E 06 0.472E 0 6  0.507E 06 0.322E 06 0.508E 0 6  0.316E 0 6  0-517E 0 6  

0-231F 0 6  0-138E 06 0.148E 06 0-387E 06 0.307E 06 0-204E 0 6  0.325E 06 0-204E 0 6  0.244E 0 6  0.149F 06 0.252E C6 

0-258E 0 6  0.144F 06 0-155E 06 0.41612 06 0-363E 0 6  0.222E 06 0-362E 06 0.217E 0 6  0-271E 06 0.159E C6 0.279E C6 

0-143F 0 7  0.838E 0 6  C-103E 07 0.166E 07 0.171E 07 0.149E 0 7  0-138E 0 7  O.lO6E 07 0-147E 07 0.969E C6 0.143E 07 

0.104F 0 6  0.403E 05 0.140E 05 0.17LE 06 0.260E 06 0.383E 0 5  0.155E C6 C.593E 0 5  0.119E 0 6  0.144E 05 0.113E 0 6  

0.595E 06 0.225E 06 0.365E 06 0.727E 06 0.736E 0 6  0-623E 0 6  0.659E 06 0.366E 0 6  0.624E 06 0.393E 06 0.596E 06 

0,528F 05 0.204f 05 C.712F 04 0.873E 05 0.132E 0 6  0.194E 05 0.788E C 5  0.301E 05 0.604E 0 5  0.734E C4 0.573E 05 

0.757F C7 0.991E 0 6  0.164E 07 0.317E 07 0.316E 07 0.269E 0 7  0.282E 0 7  0.158E 07 0.268E 0 7  0.171E 07 0.258E C7 

0.487F 06 0.183E 0 6  O.2S8E 06 0.606E 06 0.558E 06 0-510E 0 6  0-548E 06 0.303E 0 6  0-514E 06 0.324E 06 0.489E 06 

0,286F 0 7  0.155E 0 7  0-229E 07 0.330E 07 0.355E 0 7  0.295E 0 7  0.280E C7 0.195E 0 7  0.264E 0 7  0.196E 07 0-286E 07 

0-856E 06 0.565E 0 6  0.863E 06 0.577E 06 0.856E 06 

0-7P6F 0 7  0.178F 07 0.269E 07 0-317E 07 0-361E 0 7  0-292E 0 7  0.260E C7 0.200E 07 0.231E 0 7  0.201E C7 0.286E C7 

06 0.402F 06 0.592E 06 0.101E 07, 00104E 0 7  0.907E 0 6  0.889E 

0.215F 07 0.177E C7 0.194E 0 7  0.230E 07 0.249E 0 7  0.235F 0 7  0.173E 07 0.182E 07 0.158E 0 7  0.149E 07 0.215E 0 7  

0-327F 0 7  0.312E 0 7  C.319E 07 0.345E 07 0-376E 07 0-305E 07 0.221E 07 0.328E 0 7  0.334E 0 7  0.238E 07 0.327E 07 

O.448E 0 5  0.198F 05 C.lZOE 05  0-740E 05 0-988F 05 0-226E 05 0.660E 05 0.293E 05 0.500E 05 0.123E 05 0.487E 05 



TABLE 3-9 [continued) 

PHOTON DOSE RATE TO VARIOUS ORGANS f ABOVE CONTPM INATEO GROUND SURFACE I-CONTINUED 

NUCLIOE MUSCLE W A R 1  E S  PANCREAS SKELETON SKIN SPLEEN TESTES THYMUS T H Y R O I O  UTERUS TOTAL BODY 

XEl33M 0.793s 0 5  00424E 05 0.397E 0 5  O.131E 06 0.132E 06 0.589E 0 5  O.114E 06 0 - 6 3 4 E  0 5  0.850E 0 5  0.406E 05 0.863E 05 

XE133 0.733E 0 5  0.345E 0 5  0.368E 0 5  0.145E 0 6  0.116E 06 0.461E 05 0.857E 0 5  0.438E 05 0.992E 0 5  0.2Y6E 05 0.838E 05 

XE.135M 0.565E 06 0.207E 06 0.344E 0 6  00692E 06 0.694E 06 0.595E 0 6  0.629E 0 6  0.345E 0 6  0.596E 0 6  0.375E 0 6  0.566E 0 6  

WE135 O.286E 06 O.165E 06 00184E 06 0.46ZE 06 0.376E 06 0.257E 06 0.400E 0 6  0.248E 06 0.298E 0 6  0.188E 0 6  0.309E 0 6  

XF137  0,227E 06 0.113E 06 0.157E 06 00269E 06 0.275E 06 0.235E 06 0 - 2 3 1 E  06 0.155E 06 0.233E 0 6  0.155E C6 0.727E 0 6  

XE138 O.1OZE 0 7  Q871E 06 0.883E 06 0.119E 0 7  0.123E 07 0.917E 06 0.829E 06 0.944E 06 0.101E 0 7  0.732E 06 O.lO4E 0 7  

CS134 0.193E 07 00980E 06 0.157E 07 0.223E 07 0-241E 0 7  0.199E 07 0.192E 0 7  0.126E 07 0.173E 07 0.133E 0 7  0.193E C7 

CS137 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

CS138 00258E 07 00229E 07 0.237E 07 0-274E 0 7  0.299E 0 7  0.249E 0 7  0.187F 0 7  0.236E 07 0.248E 07 0.185E 0 7  0.258E C7 

CS139 00262E 06 0.248E 06 0 -253E 06 0.275E 06 0.297E 06 0.254E 06 O.18OE 06 0.262E 06 0.271E 0 6  0.188E 0 6  0.262E 0 6  

R A 1 3 3  0,517E 06 0.218E 06 0.306E 0 6  0.721E 06 0.680E 06 0.498E 0 6  0.611E 0 6  0.341E 06 0.561E 06  0.321E 06 0.535E 0 6  

8A137M 0 0 7 2 6 F  06 0.266E 0 6  C-44ZE 0 6  0.887E 06 0.888E 06 0.765E 0 6 - 0 - 8 0 7 E  06 0.443E 0 6  0.765E 0 6  0.483E 06 0.726E 06 

8 4 1 3 9  0.612E 0 5  0.394E 0 5  0.412E 05 0.952E 0 5  0.796E 0 5  0.564E 0 5  0.808E 05  0.546E 05 0.636E 0 5  0.401E C 5  0.658E C5 

BA140  0.274E 06  Q 1 0 8 E  06 0.167E 06 0.350E 06 0.343E 06 0.281E 06 0.316E C 6  0.176E 06 0.289E 06  O-IBOE 06 0.277E 0 6  

L A 1 4 0  0.287E 0 7  0.238E 0 7  0.246E 0 7  0.312E 0 7  0 -328E 07 0.310E 0 7  0.233E 07 0.249E 07 0.277E 0 7  0 -197E 07 0.287E 0 7  

CF141  O.885E 05  0.431E 0 5  0.515E 05 O.181E 06 0.123E 06 0.605E 0 5  0.971E 05 0.537.E 05 0-124E 06  0.4C8E 05 O.1OZE 06 

CE143 0.398E 06 0.214E 06 G.278E 06 0.570E 06 0.531E 06 0.371E 06 0.483E 0 6  0.301E 0 6  0.391E 06  0.255E 0 6  0.417E 0 6  

CF144  00244E 0 5  0.118E 0 5  0.135E 05 O1495E 05 0.357E 05 0.162E 0 5  0.274E 05 0.147E 05 0.338E 0 5  0.107E 05 0.281E 05 

PR143 0.0 0.0 0. a 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 0.0 

PR144 003t2E 0 5  Q 2 8 4 E  0 5  0.307E 05 0.387E 0 5  0.4226 0 5  00301E 0 5  0.265E 05 0.311E 0 5  0.347E 05  0 - 2 5 8 E  05 0.352E 05 

ND147 O.188E 06 0.776E 0 5  O o l l O E  06 0.272E 06 0.249E 06 0.176E 06 0.215E 0 6  0.118E 06 0.211E 0 6  O . i l l E  C6 0.196E 0 6  

PM147 0.0 0-0 0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 

PMl48M 0.252E 0 7  00105E 07 0.171E 07 0-305E 07 0.311E 07 0.262E 07 0.272E 07 0.158E 0 7  0-251E 0 7  0.169E 0 7  0.252E 07 

PM148 0.801E 06 0.598E 06  0.666E 06 0.87YE 06 0.928E 06 0.876E 0 6  0.689E 06 0.651E 06 0.7736 06  0.54eE 06 0.801E 0 6  

W 

h) 
0 
0 



TABLE 3-9 (continued) 

PHOTON OOZE RATE TU VARIOUS CRGANS I ABOVE COhTAMINATEO GROUND SURFACE )-CONTINUE0 

NIICL IOF 

S H l 5 l  

EU154 

F I l155 

FL1156 

60162 

T R l 6 0  

TA187 

Y185 

n i e 7  

AU195H 

AU195 

AU198 

All199 

W.197 

H6703 

T L 2 0 4  

TLZO8 

T C 2 1 0  

PR704H 

PR2 10 

P R 2 1 2  

PR2 1 4  

81210 

8 1 7 1 2  

R12 14 

p n n 4  

HIISCLE OVARIES PANCRFAS SKELETON SKIN SPLEEN TESTES THYMUS THYROID UTERUS TOTAL RODY 

0.460E 0 2  0.736E 01 0.101E 02 0.459E 02 0.456E 03 0.645E 0 1  0.730E 0 2  0.330E 0 1  0.170E 02 0.418E 00 0.578E 02 

0.160F 0 7  0.113E 0 7  0.138E 07 0.183E 07 0.192E 07 O.168E 0 7  0.141E C7 0.124E 0 7  0.149E 0 7  0.109E 07 O.161E 07 

0.779F 0 5  0.411E 05 0.458E 05 O.163E 0 6  0.108F 06 0.542E 0 5  0.833E 05 0.488E 05 0.107E 0 6  0.335E 05 0.904E 05 

0.163F 0 7  0.132E 07 0.156E 07 0.176E 07 0.199F 0 7  0.147E 0 7  0.123E 07 0.138E 0 7  0.144E 07 0.118E 07 0.163E 0 7  

0.555F 06 0.203E 0 6  0.338F 06 0.67% 06 0.680F 06 0.585E 0 6  0.617E 06 0.339E 06 0.585E 0 6  0.369E 06 0.555E 06 

0.130F 0 7  O.@52F C6 O.122F 0 7  0.15lF 07 0.165E 0 7  0.131E 0 7  0.121E C7 0.953E 0 6  0.107E 07 0.906E 06 0.132E 0 7  

0.167F 0 7  0.123E 07 0.146E 07 0.185E 07 0.196F 07 0.169f 0 7  0.139E 07 0.130E 0 7  0.145F 0 7  0.109E 07  0.163F 07 

0.0 0.0 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 0.0 

0.212F 0 6  0.826F 05 0.129F 06 0.260E 06 0.264E 0 6  0.216E 0 6  0.235E 06 0.131E 0 6  0.230F 0 6  0.135F 06 0.216E 0 6  

0-787F 0 6  0.170E 06 O-18OE 06 0.477F 06 0.385E 0 6  0.247E 0 6  0.394F C6 0-248E 06 0.2S7F 0 6  0.177E C6 C.309E C6 

0.160F 0 6  0.108F Oh 0.840E 05  0.356E 06 0.266F 06 0.109E 06 0.165E 0 6  O.ll6E 06 0.191E 0 6  0.381E 05  0.187E C6 

0.577F 0 6  0.193F C6 C.320E 06 0.640E 06 0.639E 06 0.551E 0 6  0.580E 06 0.319E 0 6  0.550E 06  0.347E 06 0.523E 06 

0.174F 06 0.743E 05 0.785E 05 0.21LE 06 0.169E 06 O.107E 0 6  0.171E 06 0.108F 0 6  0.132E 0 6  0.762E 05 0.136F 06 

0.120F 06 C.857E 05 0.617E 0 5  0.270E 06 O.ZO6E 06 0.824E 05 0.124F 06 0.911E 0 5  0.138E 0 6  0.242E 0 5  0.141F C6 

0.781F 06 0.168E 06 0.180E 06 0.46YE 06 0.374F 06 0.248F 06 0.396E C6 0.249E 06 0.2946 0 6  0.181E C t  0.306E C6 
e 

0.191F 0 4  0.137E 04 0.576E 03 0.433E 04 0.329E 04 0.130E 0 4  0.196F C4 0.144E 0 4  0.22OE 0 4  0.362E 03 O.225E 0 4  

0.367E 0 7  0.334F C7 C.350E 07 0.3Y0E 07 0.443E 0 7  0.261E 0 7  0.231F C7 0.347E 0 7  0.344F 07 0.278E 07 0.363E 0 7  

0.652F 01 0.468E 01  0.?33E 01 0.148F 02  O.105E 0 2  0.444F 0 1  0.665E 0 1  0.493E 01 0.752E 0 1  0.124E C 1  0.763E 01 

0.7SOF 0 7  0.143F 07 0.233F 07 0.279E 07 0.319F 07 0.252F 0 7  0.234E C7 O.166F 07 0 .158F  07 0.175E 07 O.25OE C 7  

0.187F 0 5  0.120E 05 0.L7lE 04 0.390F 05 0.665F 05 0.116F 05 0.192F 05 0.125E 05  0.191E 0 5  0.313E 04 0.227E 05 

0-182F 06 0.110F 06 0.115E 06  0.317t 06 0.249E 06 0-156E 06 0.248E 06 0.157E 06 0.196E 0 6  0.1C9E 06 0.201E 06 

0.704E 06 0.141E O b  C.189F O b  0.437E 06 0.389E 0 6  0.296E 06 0.366F 06 0-216E 0 6  0.320E 06 0.194F 06 0.316F 06 

0.0 0.0 0. c 0.0 0.0 0.0 0.0 0.0 0.0 c. c 0.0 

0.152F 06 0.912E 05 0 . 1 1 5 E  06 0.175E 06 0-183E 06 0.162F 0 6  0.145F 06 O - l l l F  06 0.149F 0 6  0.103E 06 0.152E C6 

O.lE5F 07 0.147E 07 0,161F 07 0.203E 07 0.218E 0 7  O.185E 0 7  0.149E 07 0.157E 07 0.177E 0 7  0.131E 07 0.185f 07 

0.133F 0 3  O.Rl7F 02 C.133F 03 0.146E 03 0.172F 03 0.133E 0 3  0.120F 03 0.903E 02 0.S90E 0 2  O.946E CL 0.133f 03 



TABLE 3-9 (continued) 

PHOTON DOSE RATE TO VARIOUS CRGANS t ABOVE COh'TAM INATEO GROUND S U R F A C E  I-CONTINUE0 

NUCLIDE NIJSCLE O V A R l E S  P A N C R E A S  SKELETON S K I N  SPLEEN TESTES THYMUS THYROID U T E R U S  TOTAL BDOY 

PO218 0 - l l O E  0 3  0.673E 02 0 - l l O E  03 O.12OE 0 3  0.142E 03 0 - l l O E  0 3  0.991E 0 2  0.743E 02 0.814E 0 2  0.779E 02 O . l l O E  0 3  

RN220 0-462E 0 3  0,169E 0 3  0-282E 03 0.564E 0 3  0.564E 0 3  0.488E 0 3  0.514E 03 0.282E 0 3  0.487E 0 3  0.3C8E 03 O.462E 03 

RN222 0-503E 0 3  O.184E 03 0-307E 03  0.615E 0 3  0-615E 0 3  0.532E 0 3  0-559E 03 0.307E 0 3  0.530E 03 0-336E 03 0.503E 03 

RA224 0.120E 0 5  O.711E 0 4  0.777E 04 0.200E 05 0.160E 05  0.106E 0 5  0.170E 05 0.106E 0 5  O.127E 0 5  0.787E C4 0.131E 05 

RA226 0,865E 0 4  0.507E 04 0.556E OC 0.145E 05 0-116E 05  0.758E 0 4  O.121E 0 5  0,752E 0 4  0.9256 0 4  0.559E C4 0.947E 04 

RA228 00612E 0 5  0.237E 05 C.825E 0 4  0.101E 06 C.150E 06 0,225E 0 5  0.912E 05  0.349E 05  0.700E 0 5  0.850E C4 0.663E 05 

At228  0-893F 06  0.597E 06 0.796E 06 O.104E 07 0 - l l l E  0 7  00912E 0 6  0.824E 06  0-669E 0 6  0.783E 06 0.6LOE 06 0.9C4E C6 

TH228 0.145E 0 5  Oo729E 0 4  0.856E 04 0.269E 05 0.283E 05 O . l O 6 E  0 5  00172E 0 5  0.967E 0 4  0.175E 05  0.742E 04 0.166E 05 

T U 3 0  

TH231 

i n 7 3 2  

TH234 

PA233 

PA234H 

PA234 

U232 

U233 

U234 

U235 

U236 

U237 

U738 

U240 

NP23 7 

NP238 

0.516E 0 4  0.260E 0 4  0.224E 0 4  0.906E 04 

O.112E 06 0.495E 0 5  0.557E 05 0.209E 06 

0.290E 0 4  0.1lXE 0 4  0,854E 03 0.420E 0 4  

0.143E 0 5  O.72lE 0 4  0.844E 04 0.296E 05 

0 - 2 S S E  06 Ool65E 0 6  O.187E 06 0.500E 06 

0.123E 0 5  Cb740E 04 0-119E 0 5  0.141E 05 

0.3676 0 7  0.329E 01  0.361E 07 0.407E 07 

0-508E 0 4  0.182E 0 4  0.186E 0 4  0.781E 04 

0.693F 0 4  & 3 6 2 E  04 0.390E 04 0.115E 05 

0-394E 0 4  0.127E 0 4  00128E 00 0.563E 0 4  

0-258E 06 OI147E 06 0-164E 06 0.444E 06 

0-259E 0 4  0.504E 03 0.510E 03 0.275E 04 

0-326F 06 0.183E 06 0.196E Ob 0.616E 06 

0 -259F  04 00589E 03 O.656E 03 0.308E 04 

0.141F 0 5  0-543E 0 4  0.439E 04 0.211E 05 

0.118F 0 6  0.617E 05 0,718E 05 0.225E 06 

0 -653F  0 6  0.400E 06 0.653E 06 0.716E 06  

0.220E 0 5  0.285E 0 4  0.540E 0 4  0.289E 0 4  0.446E 

0.272E 0 6  0.665E 0 5  O.126E 06 0.607E 05  0.136E 

O - Z I O E  05 0.102E 0 4  0,274E 0 4  0.101E 0 4  0.154E 

O.2lOE 0 5  0.987E 0 4  0.153E 05 0.868E 0 4  O.lS7E 

0.399E 0 6  0.255E 0 6  0.394E 06  0.240E 06  0.327E 

0.160E 05 O.1ZlE 0 5  0,113E 05  0.828E 0 4  0,956E 

0.455E 0 7  0.283E 07  0.2536 07 0.339E 0 7  0.335E 

0.2F4E 05 0.209E 0 4  0.518E C4 0.1896 0 4  0.375E 

0.176E 0 5  0.512E 0 4  0.887E 04 0.501E 0 4  0.689E 

O.26OE 05  0.140E 0 4  0.400E 04 0.127E 0 4  0.246E 

0 4  0.123E 0 4  0.612E 04 

0 6  0.428E C5 C.129E 06 

0 4  0.252E C3 0.357E C4 

05 0.642E 04 0.166E 05 

0 6  0.184E 06 0.324E 06 

04 0.856E C4 0.124E 05 

07 0.276E C7 C.370E C7 

0 4  0.983E 03 0.612E 04 

C4 0.352E 0 4  0.781E 04 

0 4  0.6C2E C3 0.478E 04 

0.360E 06 0.218E 06 0.351E 06 0.214E 06 0.285E 06 0.160E 06 0 . 2 8 %  C6 

0.240E 05 0.469E 0 3  0.257E 0 4  0.382E 0 3  0.670E 0 3  O . B S 5 E  02 0.321E C4 

0-492E 06 0.252E 0 6  0-398E Cb 0-242E 06 0.390E 06  O.166E 06 0.369E 06 

0.213E 0 5  0.649E 03 0.260E 0 4  0.527E 0 3  0.1C9E 0 4  0.263E 03 0.317E C4 

0.907E 05  0,512E 0 4  0.141F 05  0.522E 0 4  0.825E 0 4  0.129E C4 0.170E 05 

0.16ZE 06 0.892E 0 5  0.141E 06 C.8226 0 5  0.150E 06 0.627E OS 0 - 1 3 3 E  06 

0.843E 06  0.653E 0 6  0-590E 06 0-443E 06 0.485F 06 0.464E 06 0.653E 06 

NP239 0-223F 0 6  0.124E 06 C.140E 06 0.4OlE 06 0-312E 06 0.182E 0 6  0.25OE C6 C.175E 06 0.261F 06  0.131E 06 0-249E 06 

W 

N 
0 
N 



NUCL I D F  

NP740H 

PU736  

PU738  

PU239 

P11740 

PU74 1 

PU242 

PI1744 

AH24 1 

~ ~ 7 4 2  

AM743 

t H 2 4 7  

t n 7 4 3  

0 4 7 4 4  

CFZ52  

TABLE 3-9 (continued) 

PiOTON DOSE RATE TO VARIOUS CRGANS (ABOVE CONTPM I l d A T E O  GROUND SURFACE )-CONTINUFD 

MUSCLF W A R 1  ES PANCREAS SKELETON S K I N  SPLEEN TESTFS THYMUS THYROID UTERUS TOTAL RODY 

0.439E 06  0.235E 06 0.321E 06 

0.333F 0 4  0.603E 03 0.694E 0 3  

O.7t lF 0 4  0.364E 03 0.446F 0 3  

0.112E 0 4  0.721E 03 0.206E 03 

0.230E 0 4  0.352E 0 3  0.417E 03 

0.0 0. 0 0.0 

0.719E 04 0.297E 03  0.354E 03 

0.0 0.0 0. c 

0,641E 0 5  0.444E 0 5  C.316E 05 

0.491F 0 5  0.231E 05 0.284E 05 

0.567F 05 0.405E 05  0.288E OS 

0.232F 0 4  0.295F 03 0.369E 03 

0.212F 06 0.117E 0 6  0.133E 06 

0.155F 0 5  d 9 7 4 E  C 4  C.830E 0 4  

0.665F 06 0.451E C 6  0.525F 06 

0.517E 

0.353E 

0.24 7F 

0.122E 

0.22 SE 

0.0 

0.203E 

0.0 

0.142F 

0. Y82F 

0.128E 

0.212E 

0.382E 

0.336E 

0.7Y4E 

06 0.534F 0 6  O.465E 0 6  0.443E 06 0.307E 0 6  0.435E 0 6  0.297E 

04 0.297E 0 5  0.607E 0 3  0.342F 0 4  0.461F 03 0.984E 03 0.187E 

04 0.261E 05 0.354E 0 3  0.259E C4 0.226E 03 0.481E 0 3  0.752E 

0 4  0.990E 04 012lOE 03 O. l l6E 0 4  0.190E 03 0.359E 03 0.4@8E 

04 0.224E 05 0.347E 0 3  0.228F 04 0.239F 0 3  0.493E 03 0.844E 

0.0 0.0 0.0 0.0 0.0 0.0 

0 4  0-222E 0 5  O.274E 03 0.217E 0 4  0.173E 0 3  0.347E 0 3  0.375E 

0.0 0.0 0.0 0.0 0.0 0.0 

06 0.120F 06 0.422F 05 0.657E 05 0.470E 05 0.721E 0 5  0.119E 

0 5  0.841F 05 0.325E 05  0.535E C5 0.280E 0 5  0.660E 05 0.220E 

06 0.935E 05  0.384E 0 5  0.578E 0 5  0.427E 0 5  0.650E 05 0.107E 

04 0.237E 0 5  0.277F 03 0.230E C4 0.163E 0 3  0.351E 0 3  0.426E 

06 0.295E 06 0.172E 0 6  0.273E C 6  0.164E 06 0.249F 0 6  0.124E 

05 0.255F 05 0.105E 0 5  0.161F 0 5  0.107E 05 0.190E 05  0.441E 

0 6  0.786F 06 0.681E 0 6  0.637E 0 6  0.561E 0 6  0.702F 0 6  0.455E 

0 6  O.441E 

03 0.408E 

02 0.325E 

02 0.137E 

02 0.285F 

0.0 

a2 0 . 2 7 2 ~  

0.0 

05 0.750E 

05 C.569E 

C5 0.664E 

02 0,239E 

0 6  0.236E 

0 4  0.181E 

C6 0.673E 

06 

0 4  

0 4  

0 4  

c 4  

04 

05 

05 

0 5  

0 4  

0 6  

05  

06 
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TABLE 3-10 

EXREM I11 SOLUTION OF EXAMPLE 4 

TOTAL NO. OF RADIONUCLIOFS = 3 
TOTPL NO. OF PATHWAYS = 2  
TOTAL NO. O F  RELFASES = 1  
TOTPL ND. OF LOCATIONS = 1  

FSTIMATE DOSES FOR SUBHFRSION I N  WATER. 

FSTIMATE DnsFS FOR SUBMERSION IN AIR. 

FSTIMATE DOSES FOP FXPOSURE TO A SURFACE. 

HFlGHT ABOVE GRDUNO SURFACE. 
NO. H F I G H T  

(CM) 
1 100.000 

T I M E  O F  EACH RELEASF. 
NO. RELEASE CLOUO T I M E  

T I M E  (HRS)  ( H R S )  
1 0 .o 1.0 

RADIONUCL I O E  I O E N T I F l C A T I O N .  
INDEX ATOMIC NAME DECAY CONSTANT NO. BETA- POSITRON NUMBER CONVERSION/AUGER 

NUH BFR t 1/HRS) P A R T I C L E S  PARTICLES PHOTONS ELECTRONS 
46 3 8  C R 9 1  7.31OOOE-02 5 0 5 0 
47 39 V¶LH 8.367OOE-01 0 0 6 8 
48 39 V 9 1  5.102OOE-04 2 0 1 0 

r r E L o .  
INDEX RAOIONUCLIDE NUMBER OF QUANTITY 

RELEASE IMICROCURIES)  
46 S R 9 1  1 1. OOOOOE 00 
47 V 9 l M  1 0.0 
48 191 1 0.0 

LOCATION CORRECTION FACTOR. 
FOR ALL RADIONUCLIDES A N 0  FOR A L L  RELEASES. 

LOCATION SUBMERSION SUBMERSION EXPOSURE 

t 1 I C C I  t I/CCl t 1/59 CMI 
NUMBER I N  WATER I N  A I R  TO SURFACE 

1 1.OOOOE-02 1.OOOOE 00 1.ooooE 00 

I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
1 



I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
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TABLE 3-10 (continued) 

ENERGY A N 0  I N T E N S I T Y  FOR EACH @ETA PARTICLE.  
I N O F X  R A D I O N U C L I D E  NO. MAXIMUM ENERGY 

46  SR91 

4 8  Y 9 1  

I MFV)  

0.6100 
1.0900 
1.3700 
2.0300 
2.6700 

1 0.340 0 
2 1.5450 

FNFRGY AND I N T F N S l l Y  FOR EACH POSITRON. 
1NDEX RAOIONUCL IDE NO. C A X I H U H  ENERGY 

I HEV) 

ENFRGV AND I N T F N S I T Y  FOR EACH ELECTRON. 
I N O F X  R A O I n N U C L I D E  NO. ENFRGY 

( N E V I  

47 V91M 1 
2 
3 
4 
5 
6 
7 
0 

ENERGY A N 0  I N T E N S I T Y  FOR F A C H  
I N O E X  R A D I O N U C L I D E  NO. 

46 SR91 

47 Y91N 

1 
i! 
3 
4 
5 

1 
2 
3 
4 
5 
6 

4 8  Y91 1 

RAOlONUCL IO€ PATHNAYS. 
PATHNAY P O S I T I O N  I N O E X  

1 1 4 6  
2 41 
3 4 8  

2 1 46 
2 l O I 8  

0.534 0 
0.5488 
1.5507 
0.0121 
0.0146 
0.0164 
0.001 6 
0.0003 

PH0TC.N. 
ENERGY 
( MEV) 

0.645 0 
0.748 o 
a. 9300 
1.0250 
1.4130 

0.5510 
0,0150 
0.0149 
0.0167 
0.0170 
0.001 9 

1.2100 

F R A C T I O N  

0.5900 
1 .oooo 
I .  0000 

0.4100 
1.0000 

I N T E K S I T Y  
( F R A C T I C N )  

0.07000 
0.3 3000 
0.29000 
0 .04000  
0.27000 

0.00200 
0 .99800  

NTELS I T Y  
F R  A C T 1  ON 1 

NTE NSI  TY 
F R A C T I C N )  

0 ,04483  
0.00615 
0.00205 
O.OC908 

0.00035 
0.05243 
0.11 740  

o.00308 

I N T E K S I  TY 
4 F R A C T I C N I  

0.14aoo 
0.29000 
0.03000 
0.30000 
0 .07000  

0.94696 
0.01842 
0.00921 
0.00413 
0 .00057  
0.00259 

0.00200 
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TABLE 3-10 (continued) 

L I S T I N G  OF RADIChUCLIDES FOR SUBMERSICN COS€ RATES I N  CONTAMINATEC WATER 

L f lCATl f lN  NUMCIRER = 1 
T I M F  AFTER RELEASE 1 = 0.0 HOURS. 

ELFCTRflN M I S E  RATE PHOTON DOSE RATE TOTAL DOSE RATE 

Nri  . NUCLlDE NUCLIDE DOSE RATE NUCLIDE NUCLIDE OCSE RATE NUCLIDE NUCLIDE DOSE RATE 
LABFL NAME MILL IRECSIYR LABEL NbME CILLIREMS/YR LAEEL NAME MILL IREHS/YR 

1 46 S R 9 1  0.58% 0 5  46 SR91 0.139E 06 46 SR91 0.197E 06 
2 41  Y91M 0.0 I 7  Y91M 0.0  47 Y91M 0.0 
3 48 Y P 1  0.0 48  Y 9 1  0.0 4 €  Y 9 1  0 .0  

TOTAL 0.585E 05 0.139E 06 0.197E 0 6  

L I S T I N G  OF RADIONUCLIOES FOR SUBMERSION DOSE R A T E S - I N  CONTAMINdTEO A IR  
~ 

LOCATION NUMBER = 1 
T l M F  AFTER RFLFASE 1 = 0.0 HOURS. 

ELECTRnN m S E  RATE PYOTON COS€ RATE TOTAL DOSE RATE 

NO. NUCLIDE NUCLIDE DOSE RATE NUCLIOE NUCLIDE DOSE RATE NUCLIDE NUCLIDE DOSE RATE 
LABEL NAME MILLIREMS/YR LABEL NAME W I L L 1  REMS/YR L A 8 f L  NAME MILLIREMS/YR 

1 46 SR91 0.556E 10 46 SR91 0.659E 10 4C SR91 0.122E 11 
2 47 Y91M 0.0 67 Y91M 0 .o 47 Y91M 0 .0  
3 48 Y 9 1  0.0 I 8  Y 9 1  0 -0 48 Y 9 1  0.0 

TOTAL 0.556E 10 0.659E LO 0.122E 11 

LISTING OF RADIONUCLIDES FOR DOSE RATES ABOVE n CONTAMINATED GROUND SURFACE 

LOCATION NUMBER = 1 
HEIGHT = 100.000 CM. 
T I M E  AFTER RELEASE 1 0.0 HOUR L 

ELECTRON OOSE RATE PHOTON DOSE RdTE TOTAL OOSE RATE 

NO. NUCLIDE NUCLIDE DOSE RATE NUCLIDE NUCLIOE DOSE RATE N W L I O E  NUCLIDE DOSE RATE 
LABEL NAME M I L L I R E M W Y R  LABEL NAME MILLIREMS/YR LABEL NAME MILLIREMS/VR 

1 46 SR9l 0.132E 0 8  I 6  SR91 0 0 1 1 2 E  07 4 t  SR91 0.143E 0 8  
2 47 Y91M 0.0 4 r  Y~IM 0.0 41 Y91M 0.0 
3 48 V91 0.0 4a YPI 0.0 * a  VPI 0.0 

TOTAL 0.132E OB 0-112E 07 0.143E' 08  

I 
I 
I 
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TABLE 3-10 (continued) 

L I S T I N G  OF RADIONUCLIDES F O R  SUBMERSICN DOSE RATES I N  CONTAMINATEO WATER 

I n C A T l n N  NUMRFR = 1 
T IMF AFTER RELFASE 1 = 1.000COE 00 HOURS. 

ELFCTRON DOSE RATE P4OTON COS€ RATE TOTAL DOSE RATE 

N n  . NUCLIOF NUCLIDE DOSE RATE NUCLIDE NUCLIOE DOSE RATE NUCLIOE NUCLIDE DOSE RATE 
LABFL NAME MILLIRFMS/YR LABEL NPME MILLIREMS/YR LABEL NAME MILLIREMS/YR 

1 46 SR91 0.544E 05 46 SR91 0.129E 06 4 t  SR91  0.183E 06  
7 4 7  Y91M 0.923E 03 4 7  Y91M 0.313E 0 5  4 7  Y91M 0.322E 0 5  
7 4 8  Y 9 1  0.163E 0 2  48 Y 9 1  D.134E DO 4 e  ~ 9 1  0.165E 02 

TOTAL 0.553E 05 D.16OE 06 0.215E 0 6  

L I S T I N G  OF RADICNUCLIDES FOR SUBMERSICN DOSE RATES I N  CONTAMINPTEC A I R  

LOCATION NUMBFR = 1 
T I M F  AFTER RELFASF 1 = 1.00000E 00 HOURS. 

FLECTRflN M S F  RATE P4OTON COSE RATE TOTAL DOSE RATE 

NUCLIOE NUCLIOE DOSF RATE NUCLIDE NUCLIOE OGSE RATE NUCLIDE NUCLIDE DOSE RATE NO . 
LABFL NAME MILLIREMS/YR LABEL hACE MILLIREMS/YR LABEL NAME MILLIREMS/YR 

1 46 SR91  0.0 
2 47 Y91M 0.0 
3 4 8  Y 9 1  0.0 

46 SR91 0.0 
4 7  Y91M 0.0 
48 Y 9 1  0 .o 

4 t  SR91 0.0 
4 7  Y9 lM 0.0 
4 8  Y 9 1  0.0 

TOTAL 0.0 0.0 0.0 

1 I S T I N G  OF RADIONUCLIDFS FOR DOSE RATES ABOVE A CONTAMINATEO GROUND SURFACE 

LOCATION NUMBFR = 1 
HFIGHT = 100.000 CM. 
TIME AFTFR RFLEASE 1 = 1.00000E 00 HOURS. 

ELFCTRON DOSE RATE PHOTON DasE R I T E  TOTAL DOSE RATE 

N I L  NUCLIOE NUCLIDE DOSE RATE NUCLIDE NUCLIOE DCSE RATE NUCLIOE NUCLIDE DOSE RATE 
LABFL  NAME MILLIREMS/YR LABEL hAME MILLIREMS/YR LABEL NAME HILLIREMS/YR 

1 46 SR91 0.122F 08  46 SR91 0.104E 07 4 t  SR91 0.133E 0 8  
7 41 Y 9 l M  0.357E 05 4 7  Y91M 0.267E 06 4 7  Y91M 0.303E 06 

0.441E 04 3 4 0  Y S 1  0.440E 04 48 Y 9 1  0.1045 01 4 E  Y 9 1  

0.136E 0 8  TOTAL 0.123E O @  0.131E 07 
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TABLE 3-10 (continued) 

L I S T I N G  O F  R A O I O N U C L I O E S  FOR ACCUMULATED S U e M E R S I O N  OOSES I N  C O N T A C I N A T E O  MATER 

L O C A T I O N  NIJMRFR = 1 
INTFGRATION P F R ~ O D  - 0.0 TO 1.00000E 00 HCURS. 

PHOTON O O S E  TOTAL DOSE ELECTRON DOSE 

NO. N U C l  I D E  N U C L I O F  DOSE N U C L I D E  N U C L I O E  OOSE N U C L I O E  N U C L I D E  W S E  
L A B E L  h A C E  P I L L I R E M S  L A B F L  NAME M I L L I R E M S  

0.217E 02  1 46 S R 9 1  0.644E 01 4 6  S R 9 1  0,153E 02 4 t  S R 9 1  
7 4 1  Y 9 1 M  0 .609E-0  1 47 Y 9 1 M  0,207E 0 1  4 1  Y 9 1 M  0.213E 0 1  

0.862E-03 

0 .173E 02 0.238E 02  

L A B F L  NAME M I L L I R E M S  

3 48 Y 9 1  0 .855E-03  48 Y 9 1  0 ,702E-05  4 e  ~ 9 1  

T O T A L  0.651E 01 

L I S T I N G  O F  R A O I O N U C L I O E S  FOR ACCUHULATED S U B M E R S I O N  DOSES I N  C O N T C P I N A T E O  A I R  

L M A T I O N  NUMRER = 1 
INTFGRATION PEainD -- 0.0 TO 1.00000E 00 HCURS. 

P t i m c r t  OCSE T O T A L  OOSE ELECTRON D O S E  

NO. N U C L  I DE N UCL I OF DOSE N U C L I D E  N U C L I D E  OOSE NUCL I O E  N U C L  I O E  OOSE 
L A P E L  NAME M I L L I R E M S  L A B E L  K b M E  M I L L I R E M S  L A B E L  NAME M I L L I R E M S  

1 46 S R 9 1  0.613E 06 46  S R S 1  0,725E 06 46 S R 9 1  0.134E 0 7  
0.104E 0 6  t 47 Y 9 1 M  0.579E 04 47 Y 9 1 M  0 .982E 0 5  47 Y 9 1 M  
0.816E 0 2  

0.823E 0 6  0.144F 07 

3 48  Y 9 1  0 .813E 02  48 Y 9 1  0,333E 00 4e ~ 9 1  

T O T A L  0.618F 06 

L I S T I N G  O F  R A O l O N U C L I D E S  FOR ACCUHULATEO O O S E S  ABOVE A C O N T A M I N A T E 0  GROUND S U R F A C E  

I .OCATION NUMBFR = 1 
H E I G H T  = 100.000 CM. 
I N T F G R A T I O N  P E R I O D  -- 0.0 TO 1.OOOOOE 00 HCURS. 

P H O T C N  OOSE TOTAL DOSE E L F C T R O N  OOSE 

Nl3. N U C L I O E  N U C L I D E  DCSE H U C L l  DE N U C L  I OE DOSE N U C L I D E  N U C L I D E  DOSE 
L A B E L  NAME M I L L I R E M S  L A B E L  N d C E  M I L L I R E M S  L A R E L  NAME M I L L I R E M S  

1 46 S R 9 1  0.145E 04 46 S R 9 1  O.124E 03 4 t  S R 9 1  0.157E 04 
2 47 Y 9 1 H  0.236E 01 + 7  Y 9 1 M  0,176E 02 4 1  Y 9 1 M  0.200E 02 
3 48 Y 9 1  0 .2P lE  00 49 Y 9 1  0 . 5 4 7 E - 0 4  4 €  Y 9 1  0.231E 0 0  

T O T A L  0.145E 0 4  0.141E 0 3  0.159E 04  
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T A B L E  3 - L l  B I O R A 2  E S T I M A T E S  OF WATER I M M E R S I O N  DOSE TO A L L  B I O T A  (milliradslyear) 

RAD1 0-  
NUCLIDES 

H- 3 
C- 1 4  
NA- 22 
NA- 24 
P- 32 
s- 35 
SC-46  
CR- 5 1 
MN- 54 
FE- 55 
FE- 59 
CO-57 
C O - 5 8  
CO-60 
N I - 6 3  
CU-64 
Z N - 6 5  
ZN- 69M 
BR- 80M 
ER-82 
BR-83 
BR-84 
RE-86 
RE-88 
RB-89 
SR-89 
SR-90 
SR-9 1 
Y-90  
Y-9 1 
Y-93  
ZR-95 
Z R - 9 7  
NB-93  
M O - 9 9  
TC-99 
RU- 103 
RU- I O 6  
RH- I 0 5  
AG- 1 l0M 
SN- 1 2 5  
SB- I 2 2  
SB- I 2 4  
SB- 1 2 5  
SB- I 2 7  
TE- 125M 
TE- 1 2 7  
TE- I27M 
TE- 129 
TE- 129M 
TE- I31M 
TE- 1 3 2  
1 - 1 2 9  
1 - 1 3 0  
1 - 1 3 1  
1 - 1 3 2  
1 - 1 3 3  
I- 1 3 4  
1 - 1 3 5  

M I C R O -  
C U R 1  E/ML 

I .OE+00 
I OE+UO 
1 OE+00 
I .OE+OO 
1 OE+OO 
I .OE+OO 
1 OE+OO 
1 OE+OO 
1 .  OE+00 
I 0 E + 0 0  
1 .OE+C)O 
1 OE+OO 
1 OE+OO 
1 OE+00 
1 OE+00 
1 OE+OO 
I OE+O0 
1 0E+OO 
1 OE+OO 
I OE+OO 
1 OE+OO 
1 OE+OO 
I.OE+OO 
1. 0z+00 
I OE+00 
1 OE+OO 
I OE+OO 
I OE+OO 
1 OE+OO 
I e OE+OO 
1 OE+OO 
l o  OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
I OE+O0 
1 0 E + 0 0  
1 OE+OO 
1 OE+OO 
10 OE+OO 
1 .OE+OO 
1 OE+OO 
1 OE+OO 
I 0E+OO 
1 OE+OO 
1 OE+OO 
I OE+OO 
1 oOE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
I OE+OO 
1 oOE+OO 
1 OE+OO 
I OE+OO 
1 OE+OO 
1 .OE+OO 
1 *OE+OO 

BETA + 
GAMMA 
5.8E+O4 
5. I E + 0 5  
4 * 3 E + 0 7  
8.2E+O7 
6 . 5 E + 0 6  
5 * 3 E + 0 5  
3 .9E+07  
6 . 5 E + 0 5  
1 6 E + 0 7  
6 .8E+04  
2 0 4 E + O 7  
2 .5E+06  
1 .9E+07  
4 * 8 E + 0 7  
2 * O E + 0 5  
4 . 9 E + 0 6  
l * l E + 0 7  
1 I E+07  
9 4E+O6 
5 . 2 E + 0 7  
2 .3E+06  
40 6E+O7 
7 0 9 E + 0 6  
3 .2E+07  
50 5 E + 0 7  
5 . 2 E + 0 6  
1 0 E + 0 7  
3 .1  E + 0 7  
8 . 5 E + 0 6  
50 6 E + 0 6  
1 2 E + 0 7  
3 0 O E + 0 7  
4 0E+O 7 
I 5 E + 0 7  
9- 1 E + 0 6  
9 . 0 E + 0 5  
l o  0 E + 0 7  
l o  7 E + 0 7  
30 OE+06 
5 .2E+07  
2 . 4 6 + 0 7  
1 0  3 E + 0 7  
30 8 E + 0 7  
9 . 9 E + 0 6  
1.8E+O7 
1 e 6E+#6 
20 3 E + 0 6  
6 . 6 E + 0 6  
8 . 8 E + 0 6  
8.7E+O6 
4 0 E+O 7 
50 2E+O7 
1 oOE+06 
40 I E + 0 7  
90 1 E + 0 6  
4 0 7 E + 0 7  
1 * 9 E + 0 7  
50 I E + 0 7  
4 0 6 E + 0 7  

GAMMA 

O.OE+OO 
O.OE+OO 
4.1 E + 0 7  
7.7E+O7 
O.OE+OO 
O.OE+OO 
3 . 8 E + 0 7  
6.1 E + 0 5  
1 6E+C)7 
2 * 9 E + Q 4  
2 .2E+07  
2 * 3 E + 0 6  
I 8E+O7 
4.7E+O7 
O.OE+OO 
3 .7E+06  
1 0 1 E + 0 7  
7 * 8 E + 0 6  
2.OE+06 
5 . 0 E + 0 7  
4 . 0 E + 0 5  
3 * 5 E + O 7  
1 0 8 E + 0 6  
1 3 E + 0 7  
4 . 5 E + 0 7  
O.OE+OO 
0 OE+OO 
2 .0E+07  
O*OE+OO 
4 .5E+04  
1 .4E+06  
2 0 8 E + 0 7  
2 0 9 6 + 0 7  
1 .4E+07  
5.1 E + 0 6  
OoOECOCI 
90 1 E + 0 6  
30 5 E + 0 6  
1 5 E + 0 6  
5.1 E + 0 7  
1.4E+O7 
7. 7E+O6 
3 0 4 E + 0 7  
8 . 5 E + 0 6  
1 3 E + 0 7  
6 . 6 E + 0 5  
70 6 E + 0 4  
2 0 4 6 + 0 5  
1 2 E + 0 6  
I 5E+O6 
3 .5E+07  
4 6 E + 0 7  
4 * 6 E + 0 5  
3 0 8 E + 0 7  
7.1 E+O6 
40 2 E + 0 7  
1 0  3 E + 0 7  
4- 5 E + 0 7  
3 * 9 E + 0 7  



3-210 

TABLE 3-11 (continued) 

WATER IMMERSION DOSE TO ALL BIOTAsMRADSlYR 

R A D I O -  
NUCLIDES 

cs- 1 3 4  
CS- I 3 6  
cs- 1 3 7  
CS- 1 3 8  
BA- 1 4 0  
LA- 1 4 0  
CE-141 
CE- 1 4 3  
CE- 1 4 4  
PR- 1 4 3  
ND- 1 4 7  
FW- 1 4 7  
EU- 1 5 4  
EU- 1 5 5  
TA- 1 8 2  
W- 1 8 5  
W-187 
PB-210  
B I - 2 1 0  
PO-210 
R A - 2 2 6  
TH- 228 
TH-230 
TH-231 
TH- 234 
PA- 234 
U - 2 3 2  
U-233  
U - 2 3 4  
U - 2 3 5  
U- 236 
U - 2 3 7  
U-238 
NP-237 
NP-239 
PU-236 
PU- 2 38 
PU- 239 
PU- 240 
PU- 24 1 
PU- 242 
AM-241 
AM-243 
CM-242 
CM-244 

MICRO- 
CUR1 E/ML 

1 0E+QQ 
1 OE+OO 
1 OE+OQ 
1 QE+QO 
1 QE+QO 
1 QE+QQ 
1 QE+QO 
1 QE+QO 
I Q E + 0 0  
1 OE+QO 
1 QE+OO 
1 oOE+OQ 
1 OE+QO 
1 OE+OO 
1 OE+OO 
1 QE+QO 
1 .OE+OO 
1 QE+OO 
1. QE+QO 
1 OE+QQ 
1 oQE+QQ 
1 QE+QQ 
1 QE+OQ 
1 QE+OQ 
1 OE+OO 
1 QE+QQ 
1 QE+QQ 
1 QE+QQ 
1 QE+QO 
1 oQE+QQ 
1 QE+QO 
1 QE+QQ 
1 QE+QQ 
1 QE+QQ 
1 QE+QQ 
1 OE+OO 
1 QE+QQ 
1 QE+QQ 
1 QE+QQ 
1 QE+OQ 
1 OE+QQ 
1 QE+OQ 
1 QE+QQ 
1 QE+QQ 
1 oQE+QQ 

BETA + 
GAMMA 
3.1 E + 0 7  
4.1E+O7 
1 2E+O7 
5 .0E+Q7 
5 .5E+07  
4 . 8 E + 0 7  
3 .2E+06  
1 3 E + 0 7  
1 3E+07 
3 .1E+Q6 
5 . 9 3 + 0 6  
6 . 6 E + 0 5  
2 . 7 E + 0 7  
I 9E+O6 
20 6E+O7 
1 3 E + 0 6  
5 .6E+06  
4 .2E+Q6 
3 .8E+06  
QoOE+OO 
2 . 5 E + 0 5  
8 0 0 E + Q 7  
1 7 E + Q 5  
2.1 E+O6 
70 4 E + 0 7  
6 . 5 E + 0 7  
7 0 4 E + Q 7  
90 6 E + 0 4  
1 6 E + 0 5  
5 0 4 E + Q 6  
1 3 E + Q 5  
40 7E+O6 
7 0 4 E + 0 7  
7 .6E+Q6 
5 0  1 E + 0 6  
1 0 6 E + Q 7  
1 3 E + 0 5  
8 0 3E+Q4 
1 2 E + Q 5  
7 0 6E+Q4 
l o l E + Q 5  
7.9E+Q5 
1 1 E+Q6 
l o  5 E + Q 5  
1 8 E + Q 5  

GAMMA 

2 0 9 E + 0 7  
4.OE+07 
9 .9E+Q6 
4 0 E+Q 7 
4 . 7 E + 0 7  
4 . 3 E + 0 7  
1 5E+O6 
5 . 7 E + 0 6  
90 3 E + 0 5  
O.OE+OO 
2 . 6 E + 0 6  
OoQE+QO 
2 . 4 E + 0 7  
1 2 E + 0 6  
2 . 4 E + 0 7  
O.OE+OO 
3.2E+Q6 
8 0 8 E + Q 4  
0 0 E+QO 
0 0  QE+OQ 
1 3 E + Q 5  
6 . 6 E + 0 7  
2 * 8 E + Q 4  
50 5 E + Q 5  
50 8 E + Q 7  
5 .8E+Q7 
60 3E+Q7 
3.1 E+Q4 
2 * 9 E + Q 4  
3.4E+Q6 
20 5 E + 0 4  
2 .8E+Q6 
5 .8E+07  
5.3E+Q6 
2 . 6 E + 0 6  
1 04E+Q7 
20 8 E + Q 4  
1 1 E+Q4 
2 0 4 E + O 4  
1 *4E+Q4 
2.4E+Q4 
4 0 8 E + Q 5  
9 0 4 E + Q 5  
30 3E+Q4 
1 3 E + Q 5  





4 Est imat ion o f  I n t e r n a l  Rad'iation Dose 

4.1 Dose t o  Man 

In take  o f  a rad ionuc l i de  i n t o  the  body r e s u l t s  i n  i n t e r n a l  exposure 

o f  man t h a t  may be q u a n t i f i e d  i n  terms of t h e  dose commitment. 

though the du ra t i on  o f  the i n t a k e  episode may be b r i e f ,  the r e s u l t i n g  

Even 

depos i t i on  o f  r a d i o a c t i v i t y  i n  a s p e c i f i e d  organ cont inues t o  d e l i v e r  

a dose t o  t h a t  organ a t  a r a t e  which i s  p ropor t i ona l ,  a t  any g iven 

time, t o  the  a c t i v i t y  which remains i n  the  organ a t  t h a t  t ime. This  

res idua l  burden i s  d imin ished cont inuous ly  by r a d i o a c t i v e  decay o f  t he  

nuc l i de  and by the  a c t i o n  o f  the  organ 's  metabol ic  processes. I f  e i t h e r  

o f  these removal mechanisms i s  rap id ,  t he  exposed i n d i v i d u a l  receives 

the  t o t a l  dose commitment w i t h i n  a s h o r t  t ime per iod;  f o r  example, a 

s i n g l e  i n t a k e  of 1311 d e l i v e r s  i t s  t o t a l  dose commitment t o  the  t o t a l  

body i n  l e s s  than one year .  I n  some cases, however, b i o l o g i c a l  removal 

o f  a l o n g - l i v e d  rad ionuc l i de  i s  slow, and the  dose commitment may be 

de l i ve red  over the  l i f e t i m e  o f  the exposed i n d i v i d u a l .  Such i s  t he  

case w i t h  the  r e t e n t i o n  o f  239Pu i n  bone, and the dose commitment i s  

l i m i t e d  by the  l i f e t i m e  o f  the  i n d i v i d u a l .  

The term "dose commitment," as i t  i s  used i n  t h i s  repor t ,  i s  

assoc iated w i t h  a s p e c i f i e d  i n t a k e  o f  a rad ionuc l i de  and i s  de f ined 

t o  mean the  t o t a l  dose t o  a re fe rence organ, r e s u l t i n g  f rom t h a t  

in take,  which w i l l  accrue du r ing  the  remaining l i f e t i m e  o f  t h e  i n d i -  

v idua l .  Th is  d e f i n i t i o n  i s  in tended t o  i nc lude  t h e  c o n t r i b u t i o n  o f  

any r a d i o a c t i v e  daughters which a r e  formed i n  the  body as the parent  

nuc l i de  decays. The exposed i n d i v i d u a l  i s  assumed t o  be an a d u l t  

4- 1 
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(20 years of age) a t  time of intake who will l ive  to an age of  70 

years. Thus "dose commitment" i n  t h i  s discussion and accompanying 

tables i s  to  be interpreted as "50-year dose commitment." 

Our  general definit ion of dose commitment also allows the 

possibi l i ty  tha t  the reference organ may be irradiated n o t  only by 

i t s  own burden of radioactivity,  b u t  also,  i n  some instances, by 

radiation from the burdens of other source organs; such cross radia- 

t ion,  however, has only recently come under intensive investigation 

and i s  n o t  calculated i n  t h i s  report. 

methodology and give dosimetric information for 60 radionuclides and 

a variety of source- target organ combi na t i  ons . 

Snyder e t  a1 . l  discuss the 

The total  dose commitment t o  an organ result ing from the intake 

of a radionuclide i s  resolved i n t o  two components corresponding to  the 

inhalation and ingestion exposure modes, respectively. 

factors have been computed and tabulated for  each of these exposure 

modes, for 259 radionuclides, and for 11 reference organs (Tables 4-2 

and 4-3). 

the dose commitment t o  an organ that  will  r e su l t  from a single intake 

of 1 U C i  of a radionuclide via a specified exposure mode. The calcula- 

t i o n  of these dose conversion factors was done w i t h  the INREM code (Sec. 

4.1.1 and Ref. 2 ) ,  which i s  based on models used by the International 

Dose conversion 

In this  discussion, the term "dose conversion fac tor ' '  means 

Commission on Radiological Protection (ICRP) i n  calculating the maximum 

permissi bl e body burdens and maximum permi ssi bl e concentrations presented 

i n  Table I of ICRP Publication 2 (Ref. 3 ) .  

used to implement the models are  those found i n  Tables 5, 8, 9 ,  10, 11,  

and 1 2  of t h a t  document. Retention of the radionuclides i n  the reference 

The basic parameter values 
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t issue i s  assumed to be described by a single exponential function. 

Uniform dis t r ibut ion of the radionuclides throughout the t issue i s  

assumed for a l l  reference t issues except fo r  the gastrointestinal 

t rac t .  In the case of the G .  I .  t r ac t ,  uniform distribution i n  the 

contents of the t r a c t  segment i s  assumed, and i t  i s  fur ther  assumed 

t h a t  the dose (other t h a n  alpha dose) to the t r a c t  wall  i s ,  on the 

average, only half o f  the dose to  the contents. 

i n  the G .  I .  t r a c t  i t  i s  assumed t h a t  the dose to  the walls i s  only 

1% of one-ha1 f o f  the dose to the segment contents. 

For alpha par t ic les  

The dynamics of the ICRP Publication 2 lung  model are  described 

i n  Ref. 3, Table 10, for  soluble and insoluble particulate forms of 

a radionuclide. For insoluble materials i n  the lungs the biological 

half-time (Tb) i s  taken to be 120 days fo r  a l l  radionuclides except 

plutonium and thorium, i n  which case Tb = 1 year and Tb = 4 years, 

respectively. 

represents a more detailed approach t o  the dosimetry of the lung. 

model has been computerized and is  currently being incorporated into 

the methodology. 

4 

This 

The more recently developed ICRP Task Group Lung Model 

I t  has been desirable from time t o  time t o  a l t e r  the INREM parameter 

values used for  some specific radionuclides as better information became 

available. In those cases where data from a source other than ICRP 

Publication 2 have been used, an aster isk has been affixed to  the radio- 

nuclide name (e.g., H-3* i n  Tables 4-2 and 4-3). Most of the changes 

have been based on information presented i n  more recent ICRP Publications 

(ICRP-6, -10, and -10A).5’6’7 The actual change(s) made for  a specific 

radionuclide can only be determined by conlpqrtson o f  the parameters con- 

tatned i n  TCRP-2 wi th  those 1 isted fn TaBle 4-1 {See. 4.1 . I  ,22, 
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3 The internal dose conversion factors for  inhalation of H-bearing 

a i r  have been increased by 75% t o  account for absorption of the radio- 

nuclide t h r o u g h  the skin. 8 

The single-compartment retention models of I C R P  Publication 2 have 
6 been supplemented i n  I C R P  Publication 10 with ( 1 )  parallel  multiple 

compartment models with f i rs t -order  (exponential) removal and ( 2 )  power 

function models. In the f i r s t  case, each compartment requires two pa- 

rameters for i t s  representation, while a power function with two param- 

e te rs  can often be f i t t e d  t o  metabolic data for  which two o r  more 

exponential compartments would be needed. The INDOS codes were developed 

t o  provide a conversational implementation o f  these models via-time 

sharing; these codes are discussed in Sec. 4.1.2. 

The calculation of dose commitments t o  internal organs resulting 

from the inhalation o f  a radioactive noble gas requires models that  are 

n o t  incorporated in the I N R E M  and INDOS codes. Such exposures have 

generally been handled on a case-by-case basis,  under the assumption 

t h a t  noble gases and their  daughter products are insoluble, and t h u s  

the l u n g  i s  the c r i t i ca l  t issue.  

methodology i s  s t i l l  under development and review, no internal-dose 

Inasmuch as th i s  portion o f  ou r  

conversion factors for  noble gases are'given i n  t h i s  report. 

General Equations. If q ( t )  denotes the ac t iv i ty  burden (pCi) o f  

a radionuclide in an organ a t  time t (days),  the result ing absorbed 

dose rate t o  the organ is  

b ( t )  = (rem/day) m t  

. .  
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where 

3.2 x lo9 (v) x 1 .6  x MeV . 51.2 = Y 100 (erg/g ti  ssue/rad) 

E ( t )  = the effective absorbed energy (MeV/dis) a t  tin* t ;  

m ( t )  = mass (9)  of the organ a t  time t ;  

t = time (days). 

The effective absorbed energy for  a single radionuclide i s  defined i n  

ICRP methodology as the sum 

E = C E j  ( Q F )  n j  , 
j 

where j indexes the various decay processes (y, 6-, 6+, a, internal 

conversion, electron capture, and a-recoil ) , and where I 

= total  energy (MeV) from the j - t h  radiation type absorbed by 
E j  

the organ per disintegration; 

QFj  = quality factor fo r  the j - t h  radiation type; QF = 1 for  6-, 
j 

6+, y, and X radiation and conversion electrons (= 1.7 i f  

the maximum energy - < 0.03 MeV for  B-, 6+, or e-)*; and 

QFj  = 10 for a part ic les  and 20 for recoil atoms; 

n = re la t ive damage factor for  nuclides deposited i n  the bone; 

i t s  values are  discussed i n  detail  i n  Ref. 3, Sec. IV.2, 

basic rule ( b ) .  The factor n .  may be taken as unity for  

organs other than bone. 

j 

J 

* 
According t o  "Progress Report from ICRP," Health Ph s . 17, 389 (7969) 
the Commission has recommended that  this exception 3: e dropped and tha t  
QF be taken as unity for a l l  6-, Bt, e-, y, and X-radiations, and for  
conversion electrons. In the INREM data base, the effective absorbed 
energy fo r  tritium (Table 4-1C) is  consistent w i t h  this more recent 
recommendation, b u t  this parameter has not been adjusted for  other 
radionuclides. 
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Reference 3 provides approximate formulas for  computing the 

energies E .  from decay-scheme and biological data, and fur ther  

discussion of these quantit ies will be limited to  the remark t h a t  

for  the B , y,  and i r ternal  conversion and electron capture pro- 

J 

+ 

cesses, the calculation of the absorbed energy E .  is  based on the 
J 

concept of an effective radius x (cm) of the organ;  i n  essence, 

the E .  are  computed w i t h  the assumption of a point source of ac t iv i ty  

a t  the center of a sphere of t issue with radius x ,  and photon absorp- 
J 

t i o n  i s  assumed to be exponential w i t h  abso rp t ion  coefficient 0 = 

total  absorption coefficient m i n u s  the component for  Compton scattering. 

An a l ternat ive approach to  dosimetry, which avoids the concept of an 

effective radius, has been s e t  for th  i n  several of the Society fo r  

Nuclear Medicine's Medical Internal Radiation Dose Committee (MIRD) 

pamphlets, which are issued as supplements to the Journal of Nuclear 

Medicine. Loevinger and Berman give a general formulation of t h i s  

approach. All internal dose estimates i n  the present report ,  however, 

9 

are based on the foregoing ICRP formulation. 

For E q .  (4 -1) ,  we may derive the dose commitment to  the organ: 

PT 
51*2  E I q ( t )  d t  (rem), rn D ( T )  = (4-2) 

JO 

where T = 18250 days (50 years).  The mass m of  the organ has been taken 

as a constant i n  view of the ea r l i e r  assumption tha t  the reference indi- 

I! 
1 
1 
1 
I 
I 
I 
1 
I 
I 
I 
I 
R 
1. 
1 

vidual i s  an adult  dur ing  the dose integration period. The integral 
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i s  often called the residence of the nuclide i n  the reference organ. 

I t s  calculation requires the use of a metabolic model o f  the radio- 

nuclide i n  the organ to  predict values of q ( t ) .  

When the radionuclide produces radioactive daughters, the s i tua-  

tion i s  somewhat more complicated. If the species of the chain are  

indexed w i t h  i = 1 , 2 ,  . . . , N,  where i = 1 corresponds to  the parent 

nuclide, one may write 

51.2 ci 3 i ( T )  
Di (T)  = m (rem) , (4-4) 

where 

Di (T)  = contribution of the i - t h  species to  the dose commitment 

to  the reference organ; 

= effective absorbed energy (MeV) per disintegration of the 'i 
i - t h  species i n  the organ; 

'L q i ( T )  = residence of the i - t h  species i n  the reference organ 

(yCi -day). 

The total  dose commitment to  the organ from the parent + daughters is  

N 

i =1 
D ( T )  = c D + T )  . (4-5) 

The residences ;i(T) i n  E q .  (4-4) must be computed as i n  E q .  (4-3) from 

the respective time-varying burdens of ac t iv i ty  q i ( t )  i n  the organ; i n  

general, the l a t t e r  must be obtained by solving a system of different ia l  

equations w h i c h  govern the dynamics of physical decay and buildup and 

.biological removal from the organ's compartments. If the organ i s  modeled 
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by a single compartment w i t h  biological removal given by f i r s t -order  

kinetics,  the system of different ia l  equations has the form 

d q l / d t  = -(A! + 1:) q, + U1 ( t )  

i -1 

j= l  
d q i / d t  = -(A; + X i )  b q i  + 1: C F i j  q j  + U i ( t ) ,  i = 2, ..., N,  

(4-6) 

where 

X R ' =  radioactive decay ra te  constant (day-') of the i - t h  species i 
R R = ( I n  2 ) / T i ,  where Ti i s  the radioactive ha l f - l i fe  (days) of 

the i - t h  species; 

X! = biological removal ra te  constant (day-') of the i - t h  species 

i n  the reference organ;  

F i j  = branching fraction from the j - t h  species t o  the i - t h y  where 

j i s  less  than i ;  

U i ( t )  = uptake ra te  t o  the reference organ (vCi/day) a t  time t; 

t = time (days). 

The term "uptake" has been used to  mean that  quantity of ac t iv i ty  

which i s  deposited in the reference organ. If  I , ( t )  and I w ( t )  represent 

the intake rates  (pCi/day) via inhalation and ingestion, respectively, 

of t h e  parent nuclide, the usual uptake model i s  

where f a  and fw are  organ specif ic  uptake fractions fo r  tha t  nuclide in 

the corresponding exposure modes. 

T a b l e s  4-1D and 4-1E. 

Such uptake fractions a re  given i n  
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1 

Calculation of the dose commitment result ing from the uptake of 

a radionuclide and the formation of i t s  daughter products is  often 

simplified by adjusting the effective absorbed energy factor of the 

parent nuclide to include the approximate contribution of  daughters. 

The procedure i s  indicated by the following considerations. 

(4-4) i s  substituted i n t o  E q .  (4-5), we may write 

If  E q .  

where the bracketed quantity may be interpreted, by comparison w i t h  

E q .  (4-2), as an effect ive absorbed energy factor for  the parent which 

corrects for  the contribution o f  the daughters. 

computed for  a single intake of only the parent nuclide a t  time zero, 

If  this factor i s  

then i t  may be used as an approximation w i t h  other intake his tor ies ,  

where only the residence of the parent nuclide i s  computed. Effective 

absorbed energies used i n  the INREM and INDOS codes and displayed i n  

Table 4-1C are of this composite character when radioactive daughters 

are  formed. T h i s  device i s  of limited applicabili ty,  however, and 

should be used only w i t h  an awareness of i t s  foundations. In ICRP 

Publication z 3 ,  the r a t io  $i(T)/;l(T) i s  denoted by F i ,  which appears 

i n  the most general expression for  the effective absorbed energy: 

c = c E~ Fi = c c E i j  Fi [QF),j n i j  
i i j  

where i ranges over species i n  the chain and j over radiation types. 

We may abbreviate this expression as 
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' E = c E F ( Q F ) ~ .  (4-9) 

(The symbol F i n  Eqs. (4-8) and (4-9)  should n o t  be confused w i t h  the  

n o t a t i o n  f o r  branching f r a c t i o n s  employed i n  Eq. (4-6).  ) 

The dosimetry o f  t h e  lungs and G. I. t r a c t  requ i re  adaptat ions o f  

the methods discussed he re to fo re ,  and these are s e t  f o r t h  i n  the contex t  

o f  t he  INREM code i n  Sec. 4.1.1.1. The INDOS codes do n o t  model the 

lungs and G. I. t r a c t .  

4.1.1 The I N R E M  Computer Code 

INREM i s  a Fo r t ran  I V  computer code which est imates the doses t o  

var ious human body organs f o l l o w i n g  i n h a l a t i o n  o r  i n g e s t i o n  , o r  both,  

o f  one o r  more rad ionuc l ides .  I n d i v i d u a l s  f rom a popu la t i on  f o r  which 

such dose est imates are t o  be computed may be descr ibed by parameters 

which are e i t h e r  age independent o r  age dependent. 

implemented i n  INREM are based on those descr ibed i n  P u b l i c a t i o n  2 o f  

the ICRP.3 F i r s t  w r i t t e n  i n  1968, INREM has subsequent ly undergone a 

number of  mod i f i ca t i ons ,  and an updated r e p o r t  has r e c e n t l y  been issued. 

The rev i sed  code i s  a v a i l a b l e  f rom the  Rad ia t ion  Sh ie ld ing  In fo rma t ion  

Center, Oak Ridge Nat iona l  Laboratory,  P. 0. Box X,  Oak Ridge, Tennessee 

The dose models 

2 

37830 

The f o l l o w i n g  sec t ions  s p e c i f y  the  models used i n  INREM. The data 

and ou tpu t  of two sample problems are  i nc luded  i n  Sec. 4.1.1.3. 

4-1 t o  4-3 conta in  i n p u t  parameters and dos ime t r i c  i n f o r m a t i o n  f o r  259 

Tables 

rad io iso topes  and e leven organs which have been used w i t h  INREM f o r  

i n t e r n a l  dose est imates.  
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4.1.1.1 Models 

The models used t o  c a l c u l a t e  the  accumulated r a d i a t i o n  dose t o  the  

body organs were adapted from models presented i n  Ref. 3. 

th ree  bas ic  models t o  consider:  one f o r  the  g a s t r o i n t e s t i n a l  (G. I.) 

t r a c t ,  one f o r  the lungs, and one which i s  app l i ed  t o  a l l  o t h e r  organs. 

There are  

These models are given i n  the n e x t  two sect ions.  

4.1.1.1.1 A l l  Organs Except the G. I .  T r a c t  and Lungs 

The r a t e  o f  change o f  the burden q o f  a rad ionuc l ide  i n  an organ 

s a t i s f i e d  the  d i f f e r e n t i a l  equat ion 

$ = I f  - Aq (pCi/day),  (4-10) 

where 

I = d a i l y  i n t a k e  r a t e  (pCi/day);  

f = f r a c t i o n  o f  I deposi ted i n  the organ; 

X = e f f e c t i v e  e l i m i n a t i o n  constant  (day -1 
) .  

Equation (4-10) i s  equ iva len t  t o  the f i r s t  equat ion o f  system (4-6) 

w i t h  q = q It i s  a mod i f i ca t i on  o f  Eq. ( 5 )  X = XR + Ab and I f  = U 1 ’  1 1 ’  1‘ 
o f  Ref. 3 and may be a p p l i e d  t o  the  i - t h  rad ionuc l ide  i n  the k - th  organ 

f o r  an i n d i v i d u a l  born a t  t ime tb and the re fo re  o f  age x = t - tb a t  

t ime t. M o d i f i c a t i o n  o f  ou r  no ta t i ons  t o  show dependence on i, k, and 

t - t b  leads t o  the  f o l l o w i n g  r e v i s i o n  o f  Eq. (4-10): 
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Note t h a t  I i  i s  written a s  a function o f  both age, t - tb, and time, t. 

The age-dependent counterpart of  E q .  (4-1) i s  

where the constant 51.2 was defined a f t e r  Eq.  (4-1) and the quantit ies 

D i k ,  q i k ( t ) ,  E i k ( t  - t b ) ’  and m k ( t  - t b )  are  counterparts o f  variables 

i n  t h a t  equation. S o l v i n g  Eqs. (4-11) and (4-12) leads to  

wh C j the as : equation programmed i n  the INREM code for  cumulative 

dose t o  a l l  organs except the G .  I .  t r a c t  and lungs. I n  the case of an 

m k y  X i k ,  and I i  depend ‘i k’  age-dependent simulation, the parameters f i k y  

expl ic i t ly  on the age x = t - t b  o f  the individual. INREM requires tha t  
. *  

these quantit ies be represented as step functions, i .  e . ,  tha t  the age 

scale can be divided into n intervals 

so t h a t  the above parameters are  constant i n  each age group. 
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4.1.1.1.2 G .  I .  Tract 

For dosimetry purposes, the G .  I .  t r a c t  i s  divided into fou r  

connected segments (stomach, small intest ine,  upper large intest ine,  

and lower large in tes t ine) ;  this model 

equation be written to  estimate the dose to each section as a resu l t  

of the passage of radioactive material. The equations must consider 

the time required for the intake t o  reach the c r i t i ca l  segment, the 

time required for the segment to  empty, the mass of  the segment plus 

i t s  contents, and the fraction of the ingested radioactivity which 

i s  absorbed by the blood. 

t o  the G .  I .  t r ac t  from any intake i s  to  r e l a t e  the intake to dose 

received from intake a t  the (MPC), or  (MPC)w. The advantage of th i s  

approach i s  that  i t  u t i l i zes  the MPC for the c r i t i ca l  segment, which 

already has b u i l t  i n t o  i t  a l l  of the factors mentioned above, and 

only one equation i s  required. 

3 requires that  a different  

An a l ternat ive way of estimating the dose 

If the maximum permissible dose ra te  i s  0.3 rem/wk, then we can 

write 

- rem 0.3/7 - -  A.oi j, yCi ' 
J 

(4-14) 

where 
3 A .  = intake (cm /day) of a i r  ( j = l )  or water ( j = 2 ) ;  

3 
J 

(MPC),. ja = the maximum permissible concentration (yCi/cm ) of the 

i - t h  radionuclide i n  a i r  ( j = 1 )  or water ( j = 2 ) ,  where 

the i - th  radionuclide i s  soluble ( a= l )  or insoluble (a=2). 
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The dose from any single intake can be computed by d i rec t  substi tu- 

t ion into E q .  (4-14) and by assuming t h a t  the simple proportion holds. 

Rewriting Eq. (4-14) and substi tuting the incremental single intake 

IiAt f o r  pCi in the denominator gives the incremental dose equation 

(0.3/7) IiAt 
(rem). - - 

ADi ja A ~ ( M P C ) ~  ja (4-1 5) 

As i t  stands, this equation applies only t o  a reference man for  whom 

MPC data are available and must be mu1 t i p 1  ied by a modifying factor ,  

h ( R ) ,  t o  make i t  age dependent. The incremental dose to the G .  I .  

t r a c t  of an individual i n  the R - t h  age group i s  given by 

(0.3/7) h ( R )  IiAt 
(rem 1 - - 

ADi ja A j  (MPC)i  ja (4-16) 

for  an incremental single intake. As written i n  E q .  (4-16), h ( R )  i s  

the product of three mod 

of Ref, 1 , and which are  

respective reference man 

time of food in the c r i t  

fyi ng internal 

expressed i n  d 

values . Other 

cal segment, c 

body of age-dependent data i s  available 

dose variables found i n  E q .  (14)  

rec t  or inverse r a t io  t o  the i r  

variables , such as residence 

uld also be included, b u t  no 

for  these parameters. T h u s ,  

(4-17) 

where 

= mass (g) of the c r i t i ca l  segment k of the GI t r a c t  of an mkR 
individual in the R - t h  age group;  
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= effective absorbed energy (MeV) of the i - t h  radionuclide of  ~a 

type a i n  the c r i t i ca l  segment o f  the GI t r a c t  of an i n d i -  

vidual i n  the R - t h  age group; 

= fraction of the intake from inhalati.on ( j = l )  or ingestion fiRja 
( j = 2 )  of the i - th  radionuclide o f  type a reaching the 

c r i t i ca l  segment of the 61 t r ac t  of an individual i n  the 

R - t h  age group; 

n = index for the reference man. 

I f  we assume a continuous intake of I i  uCi/day a s  a function of 

age and time, the cumulative dose model can be written from Eq. (4-16) 

i n  integral form, a f t e r  substitution o f  the age-dependent correction 

factors (4-17) for h ( R ) :  

where 

and 

t-tb i s  the age of the individual as defined previously. 

(4-1 8) 
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Equation (4-18) i s  t he  bas is  o f  es t ima t ion  o f  dose t o  the  G. I. t r a c t  

i n  INREM. 

Since the  p u b l i c a t i o n  o f  Ref. 3 i n  1959, o t h e r  models f o r  t h e  

dos imetry  o f  t he  G. I. t r a c t  have appeared. The work o f  Do lph in  and 

Eve” should be mentioned i n  t h i s  regard;  t h e i r  model has been com- 

pu te r i zed  and i s  being i nc luded  i n  t h e  methodology, b u t  i t  i s  n o t  

being added t o  the  present  INREM code. 

4.1.1.1.3 The Lungs 

INREM implements the  model f rom Table 10 o f  Ref. 3 f o r  p a r t i c u l a t e  

Inha led  p a r t i c u l a t e s  a r e  dichotomized mat te r  i n  the  r e s p i r a t o r y  t r a c t .  

as so lub le  and i n s o l u b l e .  I n  e i t h e r  case, 25% o f  i nha led  ma t te r  i s  

exhaled, 50% i s  deposi ted i n  the  upper r e s p i r a t o r y  passages and swallowed, 

and the  remaining 25% i s  i n i t i a l l y  deposi ted i n  the  lower r e s p i r a t o r y  

passages. I f  the  m a t e r i a l  i s  so lub le,  t h e  l a t t e r  f r a c t i o n  i s  assumed 

t o  be absorbed i n t o  t h e  b lood a t  a r a t e  der ived  from a b i o l o g i c a l  h a l f -  

t i m e  supp l ied  by the  user.a 

d i v i d e d  equa l l y  i n t o  two compartments: 

compartments has a b i o l o g i c a l  res idence t ime o f  24 hours and t h e  c lea red  

contents  a re  swallowed; the  remaining 12.5% stays i n  the  lungs w i t h  a 

b i o l o g i c a l  h a l f - t i m e  o f  120 days, except i so topes  o f  p lu ton ium and 

thorium, i n  which cases the ha l f - t imes  a re  one year  and f o u r  years,  

respec t i ve l y .  

For i n s o l u b l e  ma t te r  t he  r e s i d u a l  25% i s  

the  m a t e r i a l  i n  one o f  these 

Once the  a c t i v i t y  q ( t )  i n  the  lungs i s  p red ic ted  i n  

t h i s  fashion,  t he  dose commitment i s  est imated f rom the  i n t e g r a t i o n  

O f  Eq. (4-1). 

aThis assumption i s  used o n l y  f o r  es t ima t ing  the  dose t o  the  lungs. 
Uptake t o  o the r  re fe rence organs v i a  t h i s  compartment i s  assumed t o  
be immediate. 
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The foregoing l u n g  model does n o t  depend on the particle-size 

distribution or precise so lubi l i ty  i.nformation. 

Group Lung Model 

recognizes three so lubi l i ty  classes.  The newer model has been com- 

puterized and i s  being added to  the methodology, b u t  i t  will n o t  be 

added to the present INREM code. 

The more recent Task 

does take into account the median par t ic le  s ize  and 4 

4.1.1.2 Tables 

The radionuclide-specific parameters for  each of the 259 radio- 

nuclides for  which internal dose estimates were made were taken 

primarily from ICRP Publication 2 (Ref. 3) and are  l i s ted  i n  Table 

4-1. 

ments from inhalation or ingestion of 1.0 yCi o f  each radionuclide 

(Tables 4-2 and 4-3, respectively). 

l i s t ed  include dose contributions from radioactive progeny, computed 

as indicated i n  E q .  (4-7) and surrounding text .  

of the organs were as follows3: 

These parameters were used i n  calculating 50-year dose commit- 

All  dose-conversion factors 

Assumed masses (9 )  

Reference 
Organ 

Tota l  Body 

Bone 

Muscle 

Thyroid 

Liver 

Kidneys 

Spleen 

Mass 
0 

7 lo4 

7 lo3 

3 lo4 

20 

1.7 lo3 

300 

150 
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Reference 
Organ 

Testes 

Ovar ies 

Lungs 

Mass 
Ad 

40 

8 

1 l o 3  

For  t h e  computat ion of MPC va lues which INREM uses t o  c a l c u l a t e  t h e  

dose t o  t h e  c r i t i c a l  segment o f  t h e  G. I. t r a c t ,  the  r e f e r e n c e  i n d i -  
7 3 v i d u a l  was assumed t o  breathe 2 x 10 m l  of a i r  and i n g e s t  2.2 x 10 

m l  of water  p e r  day. These parameters were d e r i v e d  f rom Table 9 o f  

Ref. 3. 

I n  some cases, sources o t h e r  than I C R P  P u b l i c a t i o n  2 were used 

t o  supply  one o r  more o f  t h e  parameters assoc ia ted  w i t h  a n u c l i d e .  

I n  such cases, an a s t e r i s k  appears bes ide the  name o f  t h e  n u c l i d e .  

4.1 .1.3 INREM Sample Problems 

The f o l l o w i n g  a r e  two sample problems so lved by u s i n g  t h e  INREM 

code and da ta  f i l e s .  The f i r s t  example (Tables 4 - 4 ' t h r u  4-7) demon- 

s t r a t e s  t h e  i n p u t  and o u t p u t  o f  t h e  INREM code as i t  c a l c u l a t e s  50-year 

dose commitments f rom i n g e s t i o n  o f  1311 and 137Cs. The second r e p r e -  

s e n t a t i v e  problem (Table 4-8) shows how t h e  dose-conversion f a c t o r s  f o r  

i n h a l a t i o n  o r  i n g e s t i o n  may be u t i l i z e d  t o  hand-ca lcu la te  s i m i l a r  types 

o f  dose es t imates .  

F i r s t  Sample Problem. T h i s  problem i s  taken f rom Ref. 2. I n  i t  

we use INREM t o  es t imate  t h e  dose commitment t o  t o t a l  body and t o  t h e  

t h y r o i d  g land r e s u l t i n g  f rom t h e  i n g e s t i o n  o f  t h e  r a d i o n u c l i d e s  

and 137Cs by an i n d i v i d u a l  born  a t  t h e  t i m e  o f  t h e  r e f e r e n c e  event .  

131 I 
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Two cases will be computed: i n  the f i r s t ,  the intake is  limited to  a 

period of one year a f t e r  the reference event, and i n  the second, the 

intake i s  assumed to  continue for  a period of 50 years a f t e r  the 

reference event. In each case, the interval of integration extends 

years a f te r -  from the time of the reference event (time zero) to  50 

ward. 

Data are hypothesized t o  describe the individual 

groups: 

are exhibited i n  Tables 4-4, 4-5 and 4-6. 

0-1, 1-5, 5-10, 10-15, 15-20, and  20-70 years 

One example 

n s ix  age 

These data 

of the use of 

INREM is  shown i n  Table 4-7, where the 50-year dose commitment for  

ingestion of 1311 and 137Cs are shown. The dashes i n  Table 4-6 

indicate that  data for  137Cs i n  the thyroid gland are  unavailable. 

The corresponding f i e lds  i n  the i n p u t  data cards are l e f t  blank, and 

the message NO DATA appears i n  the output (see Table 4-7). 

the zero values of the intake functions for 1311 shown i n  Table 4-5 

have been replaced by 1.E-15; this substi tution of small positive 

Note that  

values i s  necessary because of the logarithmic interpolation which 

i s  used for  times a f t e r  60 days. 

Second Sample Problem. T h i s  problem assumes a release of 6oCo 

into the environment which resul ts  i n  steady-state concentrations of 

10-l' pCi/cm i n  water and pCi/cm i n  a i r  i n  the vicini ty  of an 

exposed individual. 

3 3 

A deposition velocity of lo-' m/sec i s  assumed. 

Assume t h a t  this individual eats 20 g of f i sh  per day taken from the 

local water supply and drinks 1 . 2  l i t e r s  per day of the same water. 

Also assume t h a t  his food crops, m i l k ,  and beef are  produced i n  the 

local vl'cinity, and use TERMOD factors (Table (2-8)) t o  predict trans- 

f e r  th rough  these three pathways. On the basis of this information, 
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use INREM dose conversion factors  t o  estimate the annual total-body 

dose commitment (mrem/yr of exposure t o  t h i s  reference individual 

from 6oCo t h r o u g h  ( a )  inhalation, ( b )  ingestion of water, ( c )  inges- 

t ion of f i s h ,  ( d )  ingestion of above-surface crops, (e )  drinking milk, 

and ( f )  eat ing beef. 

The calculat ions fo r  t h i s  problem are shown i n  Table 4-8. 

4.1.2 The INDOS Computer Codes 

The INDOS codes” compute the dose t o  an internal  organ which 

resu l t s  from the uptake of a radionuclide by t h a t  organ. 

codes a re  d i f f e ren t  from INREM in the following principal respects:  

( 1 )  They are wri t ten f o r  conversational interact ion in a time-sharing 

environment, while INREM must be executed in  batch mode. 

implement models set  for th  i n  ICRP Publications 10 and 10AY7 whereas 

INREM i s  based on ICRP Publication 2 models. (3 )  They are r e s t r i c t ed  

t o  a succession of  s ing le  intakes a t  specif ied times or a continuous 

intake a t  a cons tan t  ra te  t h r o u g h o u t  the dose integrat ion period; 

INREM accepts an a rb i t ra ry  intake ra te  function, which i s  defined by 

a table  i n  the i n p u t  data. 

or G. I .  t r a c t .  

These 

( 2 )  They 
6 

( 4 )  The INDOS codes do not model the lungs 

Three INDOS codes were writ ten.  INDOSl requires the user t o  supply 

a l l  necessary physical and biological data;  INDOS2 and INDOS3 read such 

information from an on-line data base. INDOSl and ,INDOS2 p r i n t  tables  

of dose r a t e  and dose vs time, while INDOS3 punches t h i s  information 

i n t o  cards t o  provide machine-readable data f o r  subsequent calculations.  

1 
I 
B 
1 
i 
B 
1 
1 
I 
I 
1 
1 
1 
i 
1 
i 
I 
I 
I 
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The present implementation of the INDOS codes operates on the 

DEC-System 10 i n  time-sharing mode. The source language is  FORTRAN 

I V Y  b u t  there are system-dependent features; no a1 ternate versions 

are contemplated a t  this  time. 

The two intake modes are inhalation and ingestion. The intake 

may be specified i n  e i ther  of the following ways: 

a .  Discrete intakes. A t  specified times 0 - < tl < tp <... 
< t J Y  amounts a l ,  a2,  ..., aJ ,  respectively, of the 

radionucl i de are deposited i n  the reference organ. 

The t .  are  measured i n  days and the a .  are measured 

i n  microcuries, where j = 1 ,  ..., J .  
J J 

b. Continuous intake a t  a constant rate.  The uptake 

ra te  i s  specified as c pCi/day. 

W i t h  each of the two intake modes (inhalation and ingestion) there 

i s  associated a fraction f of each u n i t  intake which will be deposited 

i n  the reference organ. These fractions are ,  respectively, f a  and fw,  

and they are  specific t o  the nuclide and the reference organ (see tables 

4-1D and 4-1E). 

The INDOS models are of two types, which we shall  designate as 

exponential and power function. 

by one or several parallel compartments, each of which i s  subject t o  

radioactive decay and first-order biological removal. 

In the former case, an organ i s  modeled 

The partitioning 

of the total  uptake among thes,e compartments i s  specified by a s e t  of 

fractional coefficients K (v = 1 ... , M y  where M is the number o f  V 

compartments). In most cases, the K sum t o  unity, b u t  provis ion has 
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has been made fo r  an additional compartment whose burden is  not subject 

to biological processes. 

t h a n  one, the model places the remaining fraction 

I n  the event that  the sum of the Kv i s  less 

M 

v=l 
1 - '  C K 

o f  the uptake into a "non-excretory" compartment, whose burden i s  

diminished only by radioactive decay. The residence ;(t) (pCi-days) 

i n  the organ, calculated from the exponential model, i s  given by the 

fo l l  owing equations : 

a .  Discrete intakes 

J 2r 

j q ( t )  = c a 
j = l  

- ( A r  + Bv)(t-tj) 
[I - e 1 V 

M K  
+ A + B v  v=l r 

b. Continuous intake a t  a constant ra te  

- 1 (1 - M c Kv) t  - 
v= 1 2 

'r 
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where 
’L q ( t )  = radionuclide residence i n  the reference organ (VCi-days); 

J = number of discrete  intakes; 

a = uptake of ac t iv i ty  from the j - t h  exposure ( V C i ) ;  
j 

t j  = time of j - t h  exposure (days); 

‘r = radioactive decay rate  constant (day-’) = ( I n  2) /Tr ,  

where Tr = radioactive ha l f - l i fe  of  the nuclide (days); 

= biological removal ra te  constant for the v-th compartment 
BV 

of the reference organ (day-’ ) ; 

Kv = fraction of the reference organ’s i n i t i a l  burden i n  the 

w - t h  compartment; 

c = uptake ra te  (VCi/day) to the reference organ; 

t = time (days). 

If I .  denotes the j - t h  discrete intake into the body ( U C i ) ,  the uptake 

a .  to  the reference organ i s  assumed to  be given by f I  

or fw,  according as the exposure mode i s  inhalation or ingestion. 

Similarly, i f  I denotes a constant intake ra te  (pCi/day), the corres- 

ponding uptake ra te  c i f  given by f I .  

J 
where f = f a  J . j’ 

The power function model assumes t h a t  the burden q ( t )  ( V C i )  of  

ac t iv i ty  i n  the organ a t  time t sa t i s f i e s  the different ia l  equation 

d q / d t  = -1, q - (4-21 ) 

where n (dimensionless; 0 < n < 1 )  and x (days) are parameters used to  

f i t  the model t o  experimental data; U ( t )  i s  the uptake ra te  t o  the refer- 

ence organ (yCi/day) a t  time t. Such a model as (4-21) can often provide 

a f i t  t h a t  i s  more economical i n  terms of the number of parameters t h a n  an 
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exponential model with multiple .compartments. 

for which the power function model i s  useful i s  the retention of long- 

lived radionuclides i n  bone. 

The most common si tuat ion 

The following equations indicate the 

implementation of the power function by the INDOS codes: 

a .  Discrete intakes 

b.  Continuous in t ake  a t  a constant ra te  

+ A [ t + x - y ]  

r 

-Art) 1 (1 - e 1 t - -  

f t  e -'ru I (u + x ) - ~  du 
0 

(4-22) 

(4-23) 

where 

A = a parameter which par t i t ions the uptake between the power 

function compartment and a "non-excretory" compartment; 

Ax-n i s  the fraction assigned t o  the former compartment. 
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Other q u a n t i t i e s  i n  Eqs. (4-22) and (4-23) have been de f ined prev ious ly .  

The i n t e g r a l s  appear ing i n  these equat ions are  computed numer ica l l y  by 

a subrout ine.  

The INDOS codes a l s o  pe rm i t  a mixed model c o n s i s t i n g  of one expo- 

n e n t i a l  and one power f u n c t i o n  compartment w i t h  the  p a r t i t i o n i n g  o f  t he  

uptake g iven by a f r a c t i o n  K, so t h a t  t he  res idence i s  

(4-24) 

where ae(t) i s  g iven  by Eq. (4-19) o r  (4-20) w i t h  M = 1, and ;\i (t) i s  

de f ined by Eq. (4-22) o r  (4-23). 
P 

The dose i s  c a l c u l a t e d  from the  res idence as was i n d i c a t e d  i n  

Eqs. (4-2) and (4 -3) .  Any c o n t r i b u t i o n  f rom r a d i o a c t i v e  progeny must 

be inc luded i n  the  e f f e c t i v e  absorbed energy E, as was shown i n  Eq. 

(4-7) and surroundi  ng t e x t .  

4.1.2.2 Tables 

Tables 4-9 and 4-10 l i s t  dose-conversion f a c t o r s  (est imates o f  50- 

year  dose commitment f o l l o w i n g  i n t a k e  o f  1 pCi) f o r  t he  i n h a l a t i o n  and 

i n g e s t i o n  exposure modes, respec t i ve l y .  

those discussed i n  Appendix C o f  ICRP P u b l i c a t i o n  10. 

The rad ionuc l i des  shown a r e  
6 

4.1.2.3 INDOS2 Sample Problem 

Table 4-11 d i sp lays  the  d ia logue between INDOS2 and t h e  user i n  

Nucl ides are  referenced by a s e t  o f  i nd i ces  which a re  a sample run.  

cons i s ten t  w i t h  those used by INREM (Table 4-1A). The present  data 
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base consists of the radionuclides shown in Tables 4-9 and 4-10. The 

sample problem shows calculations for 13’1 and 226Ra. 

4 .2  Internal Dose t o  Biota 

Aquatic biota l i v i n g  i n  the vicini ty  of nuclear f a c i l i t i e s  can be 

exposed t o  radioactivity released i n  l iquid effluents.  

can receive a radiation dose from internal emitters assimilated from 

food and absorbed from water. 

These organisms 

The following sections discuss methods for estimating this internal 

dose to  fresh-water and marine biota. 

BIORAD computer code are  described, and tables o f  bioaccumulation factors 

and dose rate  factors for fresh-water*and marine b io t a  are given (Tables 

4-12A, 4-12B, 4-13A, and 4-13B). 

Some o f  the capabi l i t ies  of the 

4.2.1 Bioaccumulation Factors 

Some aquatic organisms concentrate radionuclides i n  the i r  t issues 

to levels h igher  than the respective concentrations i n  the ambient 

water. For a given organism and radionuclide, 

i s  defined as follows: 

C i  per g of biota 
c = :ci per ml of water 

where a l l  concentrations are presumed t o  be i n  

lat ion factors are  n o t  physical constants, b u t  

a bioaccumulation factor 

Y 

steady s t a t e .  Bioaccumu- 

are  biologically and 

environmentally influenced parameters t h a t  vary w i t h  the physiochemical 

nature of particular s i t e s ,  changes i n  food habits of biota and the i r  

prey, biological elimination, occasional ingestion of sediments, homeostatic 
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control of element concentration i n  tissues, and possibly other 

fac tors .  ”” 3,14 Bioaccumulation fac tors  fo r  fresh-water plants ,  

invertebrates ,  fish and for marine algae,  mollusks and crustaceans, 

and f ish have been derived from several sources, which a re  i n d i -  

cated i n  footnotes t o  Tables 4-12A and 4-12B. Bioaccumulation 

fac tors  for  a muskrat were calculated in  the following way. The 

steady-state body burden B (pCi) of a radionuclide which r e su l t s  

from the intake of I pCi/day i s  

B = IfJX , 

where fw i s  the uptake f rac t ion  associated w i t h  ingestion, and X is  

the effective decay r a t e  constant (days-’) f o r  the radionuclide i n  

the to t a l  body. 

i t s  body weight per day i n  aquatic plants .  Thus ,  corresponding t o  

I t  i s  assumed tha t  the muskrat ingests  one-tenth of 

1 pCi/ml concentration i n  the water, the intake r a t e  per u n i t  body 

weight  i s  

plants JSU 
pCi /ml I/m = (1 pCi/m1) x ( C  x (0.1 g/g t i s sue )  

= 0.1 cPlants pci /g  , 

where C 

plants.  

t r a t ion  i n  the water i s  

i s  the ‘bioaccumulation f ac to r  for fresh-water aquatic 

Thus  the body burden per u n i t  mass per u n i t  a c t i v i t y  concen- 

B/m = IfJhm = 0.1 CPlan t s  f / A  . 
W 
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Substitution of ,1.44 Te (days) for  l/X gives 

muskrat = 0.144 C plants T , f 
e w y  C 

where Te i s  the effective half-time of the nuclide in the total  body. 

Values of f w  and Te were taken from ICRP Publication Z y 3  except t h a t  

Te was n o t  allowed to  exceed 100 days for the muskrat. 

procedure was employed for  marine waterfowl and shore birds, except 

t h a t  algae were substituted for  the d ie t .  

The same 

Hence 

4 . 2 . 2  Dose Calculations 

The internal dose rate  bi (mrad/yr) from the i - t h  radionuclide t o  

an aquatic organism a t  steady s t a t e  w i t h  the concentration Wi pCi/ml 

i n  the water i s  

(4- 25) Di = (1.87 x 10 7 ) W .  C. b E (mrad/yr) i i i  

where 
7 -mrad 1'87 l o  

= (pCi-&)(MeV/dis) ' 
b Ci = bioaccumulation factor for the organism (ml of H20 per 

g of t i s sue) ;  

Ei  = the effective absorbed energy of the i - t h  radionuclide in 

the organism (MeV/dis). 
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In calculating the internal dose t o  b i o t a ,  effective absorbed 

energies Ei corresponding to an effective radius of 30 cm have been 

used (c f .  Sec. 4-1) for generic evaluations. 

effective radius of aquatic organisms i s  less  t h a n  30 cm; therefore, 

the use of energies corresponding to  this large radius overestimate 

the dose from gamma photons and X-rays. When the actual s ize  of an  

organism is  known,  the effective absorbed energy corresponding t o  

t h a t  s ize  should be used i n  the calculation of internal dose. For 

the muskrat, an effective radius of 10 cm was chosen. 

In almost a l l  cases the 

4.2.3 The BIORAD Computer Code 

BIORAD is  a conversational code written i n  BASIC and designed 

for use through remote terminal access to  the DEC System 10. 

inputs a concentration of the selected radionuclide i n  water or i n  

sediment (pCi/cm ) , and BIORAD estimates internal and external radia- 

tion doses to aquatic plants, invertebrates, fish, and t e r r e s t r i a l  

animals dependent on aquatic food supplies. 

contained i n  a s e t  of on-line f i l e s  i n  the computer's disk storage. 

The program permits the addition o f  new nuclides and changes o f  pa- 

rameter values by the user. 

The user 

3 

The BIORAD data base i s  

For estimating the internal dose rates  t o  biota corresponding to  

a steady-state concentration Wi (pCi/ml) of the i - t h  radionuclide i n  

the water, BIORAD uses E q .  (4-25). 

methodology on which BIORAD is  based. 

References 15 and 16 describe the 
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Tables 4-12A and 4-128 l i s t  the bioaccumulation f a c t o r s  i n  the 

present BIORAD data base. 

dose r a t e  f a c t o r s  given i n  Tables 4-13A and 4-13B. 

The code was used t o  ca lcu la te  the internal  

A sample run o f  the BIORAD code i s  shown i n  Table 4-14. 

I 
I 
I 
I 
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NAME 

H-3+ 
BE-7 
C-14 
F-18 
NA-22 
NA-24 
SI-31 
P-32 
5-35 
CL-36 
CL-38 
K-42 
C A- 45 
CA-47 
SC- 46 
sc-47 
sc-48 
34-48 
CR-51 
MN-52 
MN- 54 
MN- 56 
FE-55 
FE- 59 
LO-57 
CO-58M 
CO-58 
C 0-60 
NI-59 
NI-63 
NI-65 
CU-64 
ZN-65 
ZN-69M 
ZN-69 
GA- 72 

A S- 73 
A S 7 4  
A S- 76 
AS- 77 
SE- 75 
B R- 80 M* 
BR- 82 
BR- 83 * ' 

BR- 84* 
R 8- 86 
RB- 87 
RB-684: 
RB-898 
SR- 85M 
SR-85 

GE-7 1 

HALF-LIFE 
( O A Y S I  

0.45000E 04 

0.20000E 07 
0.78000E-01 
0.95000E 03 
0.63000E 00 
0.1LOOOE 00 
0.14300E 02 
0.87100E 02 
0.12000E 09 
0.26000E-01 
0.52000E 00 
0.16400E 03 

0.83900E 02 
0.34300E 01 
0.18300E 01 
0.16100E 02 
0.27800E 02 
0.55500E 01 
0.30000E 03 
0.11000E 00 
0.11OOOE 04 
0.45100E 02 
0.27000E 03 
0.38000E 00 
0.72000E 02 
0.19000E 04 
0.29000E 08 
0.29000E 05 
0.11000E 00 
0 . 5 3 O O O E  00 
0.24500E 03 
0.57500E 00 
0.39600E-01 
0.59000E 00 
0.12000E 02 
0.76000E 02 
0.1S500E 02 
0.11000E 01 
0.16200E 01 
0.20000E 00 
0.18200E 00 
0.14700E 01 

0.53600E 02 

0.49000E 01 

0.10000E 00 
0.22000E-01 
0.18700E 02 
0.18000E 14 
0.124OOE-01 
0.22 1 OOE -02 
0.49000E-01 
0.65000E 02 

TABLE 4 - 1 A  
INREM DATA BASE 

RADIOACTIVE HALF-L  I YES 

i u h 4 L  

SR- 89 
SR- 90* 
SR-91 
SR- 92 
Y-90 
Y-91M 
Y-91 
Y- 92 
Y-93 
Z R- 93 
ZR-95 
ZR-97 
NB-93M 
NB-95M* 
NB-95 
NB-97 
MO-99 
TC-96M 
TC-96 
TC- 97 M 
TC- 97 
TC- 99 M 
TC- 99 
RU-97 
RU-103 
RU-105 
RU-106 
RH-103M 
RH-105 
PD-103 
PD- 109 
AG-105 
AG- 11 OM 
A G - 1 1 1  
LD-109 
CO- 11 5M 
CD-115 
IN-113M 
IN-114M 
IN-115M 
IN-115 
SN-113 
SN- 11 9M* 
SN- 1238 
SN- 12 5 
56-122 
58-124 
SB- 12 5 
TE-12 5M 
TE- 12 7M 
TE- 12 7 
TE-129M 

l i A l  t - I  1 - 1  
( J A V S )  

6.50500E 02 
0.10000E 05 
0.4OOOOE 00 
0.1lOOOE 00 
0.26800E 01 
0.35000E-01 
0.58000E 02 
0.15000E 00 
0.42000E 00 
0.40000E 09 
0.63300E 02 
0.71000E 00 
0.37.000E 04 
0.31500E 01 
0.35000E 02 
0.51000E-01 
0.27900E 01 
0.36000E-01 
0.43000E 01 
0.92000E 02 
0.3ZOOOE 07 
0.25200E 00 
0.77000E 08 
0.28800E 01 
0.41000E 02 
0.19000E 00 
0.36500E 03 
0.38000E -01 
0.15200E 01 
0.17bOOOE 02 
0.57000E 00 
0.40000E 02 
0.25500E 03 
0.75000E 01 
0.471500E 03 
0.43000E 02 
0.22000E 01 
0.73000E-01 
0.49000E 02 
0.19000E 00 
0.22000E 18 
0.11200E 03 
0,25000E 03 
0.12500E 03 
0.95000E 01 
0.28000E 01 
0.60400E 02 
0.87600E 03 
0.58000E 02 
0.10500E 03 
0.39000E 00 
0.33000E 02 

h A'&\ I- 

TE-129 
TE-131M 
TE- 13 2 
1-1268 
1-129* 
1-1308 
I-131* 
I -132* 
I -133* 
I -  134* 
I - 1 3 5 *  
CS-131 
CS-134M 
CS-134 
CS-135 
CS-136 
CS-137 
CS-138* 
BA- 13 1 
BA-140 
LA-140 
CE-141 
CE-143 
CE-144 
PR-142 
PR-143 
ND-144 
ND-147 
ND-149 
PM-147 
PM- 148M* 
PM-l48* 
PM-149 
SM- 14 7 
SM-151 
SM- 153 
€U-L52M 
EU-152 
Ell-154 
EU-155 
GD-153 
GD-159 
TB-160 
DY-165 
DY-166 
HO- 166 
ER-169 
ER-171 
TM-170 
YB-175 
LU-177 
HF- 18 1 

H \ I F - L1 - z 
(111 Y > I  

o.SioooE -01 
0.12500E 01 
0.32000E 01 
0.13300E 02 
0.62000E 1 0  
0.51.2OOE 00 
0.80500E 01 
0.97000E -01 
0.87000E 00 
0.36000E-01 
0.28000E 00 
0.97000E 01 
D.12000E 00 
0.84000E 03 
O.11000E 10 
0.13000E 02 
0.11000E 05 
0.22400E -01 
O.ll600E 02 
0.12800E 02 
O.16800E 01 
0.32000E 02 
0.13300E 01 
0.29000E 03 
0.80000E 00 
0.13700E 02 
0.73000E 18 
0.11300E 02 
0.83000E -01 
0.92000E 03 
0.42000E 02 
0.54000E 01 
0.22000E 01 
0.48000E 14 
0.37000E 05 
0.19600E 01 
0.39000E 00 
0.4ZOOUE 04 
0.58400E 04 
0.62100E 03 
0.24200E 03 
0.7500OE 00 
0.72100E 02 
0.9AOOOE-01 
0.34000E 01 
0.11000E 01 
0.94000E 01 
0.3LOOOE 00 
0.12700E 03 
0.41000E 01 
0.6BOOOE 01 
0.46000E 02 

_. -~ 

P 

W 
W 

*One o r  more parameters taken from a source other  than I C R P  Pub l i ca t i on  2.  



TABLE 4-1A (continued) 
NAME 

TA- 182 
u-181 
W-185 
W-187 
W-188* 
RE-183 
RE-186 
RE-187 
RE-188 
OS-185 
0 S- 19 1 H 
05-191 
035-193 
IR-190 
IR-192 
IR-194 
PT-191  
PT-193H 
PT-193 
P T- 19 7H 
PT-197 
AU-196 
AU-198 
AU-199 
HG- 197H 
HG- 197 
HG-203 
TL-200 
TL- 20 1 
TL- 20 2 
TL-204 
PB-203 
P 8- 20 4H+ 
Pa-210 
PB-212 
81-206 
81-207 
B 1-21 0 
81-212 
P0.210 
AT-211 
RA-223 
RA-224 
RA-226 
RA-22 8 
At-227 
AC-228 
TH- 22 7 
TH-228 
TH- 23 0 
TH- 23 1 
TH- 23 2 

HA LF- Ll F E 

O.lA2OOE 03 
0.14OOOE 03 
0.74OOOE 02 
0.10000E 01 
0.69400E 02 
0.73000E 02 
0.37900E 01 
O.18OOOE 14 
0.7LOOOE 00 
0.95000E 02 
0.58000E 00 
0.16000E 02 
0.13000E 01 
0.12000E 02 
0.74500E 02 
0.72500E 00 
0.30000E 01 

?Pvs,_. 

0.34OOOE 01 
O.18000E 06 

0.75000E 00 
0.56000E 01 
0.2X000E 01 
0.3t500E 01 
0.10000E 01 
0.22000E 01 
0.45800E 02 
0.11300E 01 
0.30000E 01 
0.12000E 02 
0.11000E 04 
0.25700E 01 
0.471000E -01 
0.71000E 04 

0.64000E 01 
0.29000E 04 
0.50100E 01 

0.19840E 03 
0.30000E 00 
O.lb400E 02 
0.36400E 01 

0.24OOOE 04 

0.26000E 00 

0.69700E 03 
0.29200E 08 
0.10700E 01 
0.5lOOOE 13 

0.50000E-01 

0.44000E 00 

0.42000E-01 

0.50500E 06 

0.80000E 04 

0.18400E 02 

*One o r  more parameters taken from a source o the r  than ICRP Pub l i ca t i on  2. 

1.4634 F 

TH-234 
PA-230 
PA-231 
PA-233 
PA-234* 
U-230 
U-232 
U-233 
U-234 
U-235 
U-236 
U-237 
U-238 
NP-23 7 
NP-239 
PU-236 
PU-238 
PU-239 
PU-240 
PU-24A 
PU-242 
PU-243 
PU-244 
AM-241 
AM- 242H 
AM-242 
AM-243 
AM-244 
CM-242 
C M- 243 
CM-244 
CM-245 
CM-246 
CM-247 
CM-248 
C M- 2.4 9 
BK-249 
BK-250 
C F- 249 
CF-250 
CF-251 
CF-252 
CF-253 
CF-254 
E 5-253 
E 5-254H 
E S-254 
ES-255 
FM-254 
FM-255 
FH-256 

HA LF-1  I F z 
( DA-f bj 

0.24100E 02 
0.17700E 02 
0.1L860E 08 
0.2Z400E 02 
0.28100E 00 
0.20800E 02 
O.26300E 05 
0.59100E 08 
0.90200E 08 
0.25900E 12 
0.8b000E 10 
0.67500E 01 
0.16400E 13 
0.781OOE 09 
0.23300E 01 
0.10400E 04 
0.33000E 05 
0.89000E 07 
0.24000E 07 
0.48OOOE 04 
0.13800E 09 
0.20800E 00 
0.28000E 11 
0.16700E 06 
0.56000E 05 
0.66700E 00 
0.29000E 07 
0.181 OOE -01 
0.16250E 03 
O.11700E 05 
0.64240E 04 
0.73000E 07 
0.24000E 07 

0.17000E 09 
0.44000E -01 

0.13400E 00 
0.1ZOOOE 06 

0.33000E 11 

0.29000E 03 

0.3aooo~ 04 
a.2900o~ 06 
0.80300E 03 
0.18000E 02 
0.56000E 02 
0.20000E 02 
O.lh000E 01 
0.48000E 03 

0.13500E 00 
0.89600E 00 
0.11100E 00 

0.30000E 02 

f 
W 
P 
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IlRGAN N A M E  

NUCIJDE 

~ i - 2 0 6  

~ i - 2 0 7  

Bi-210 

Bi-212 

Po-210 

At-211 

REI-223 

Ra-224 

~a -226  

Ra-228 

AC-227 

Ac-228 

~h-227 

Th-228 

~h-230 

~h-231  

~h-232 

Th-234 

pa-230 

pa-231 

Pa-233 

Pa-234 

u-230 

u-232 

U-233 

u-234 

U-235 

U-236 

.. . . 

TOTAL BODY 

2.800E 00 

5.000E 00 

2.500E 00 

4.2 OOE- 02 

2.500E 01 

3.000E-01 

5.900E 00 

2.300E 00 

9.000E 02 

2.300E 02 

6.000E 03 

2.600E- 01 

1.84OE 01 

6.910E 02 

5.70CE 04 

i.070E 00 

5.70CE 04 

2.4AOE 01 

1.770E 01 

4.100E 0 4  

2.740E O i  

2.800E- 01 

1.720E 01 

1.000E 02 

1.000E 02 

1.000E 02 

1.000E 02 

1.000E 02 

R 3 N E  

4.300E 00 

1.320E O i  

3.600E 0 0  

4.2OOE-02 

2.000E 01 

0.0 

1.170E 01 

3.64OE 00 

1.600E 0 4  

2.100E 03 

7.200E 03 

2.600E-01 

1.840E 01 

6.930E 02 

7.300E 04 

1.070E 00 

7.300E 0 4  

2.41OE 01 

1.770E 01 

7.300E 04 

2.74OE 01 

2.800E-01 

1.950E 01 

3.000E 02 

3.000E 02 

3.000E 02 

3.000E 02 

3.000E 02 

MUSCLt 

0.0 

0.0 ' 

0.0 

0.0 

0.0 

0.0 

0 .0  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 .0  

0.0 

a. o 

0 .0  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

TABLE 4-18 (continued) 

T r i Y R O I D  L I V t R  K I C N E Y S  S P L E E N  T E S T E S  

0 .'o 

0.0 

0.0 

0.0 

0.0 

3.000E-01 

0.0 

0.0 

0 .0  

0 .0  

0.0 

0.0 

0 .0  

0 .0  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.500E 00 

1.490E 01 

3.800E 00 

4.200E-02 

3.200E 01 

0.0 

5.400E 00 

Z.7OOE 00 

i.000E 01 

1.000E 0 1  

1.900E 03 

2.600 E-0 i 

i . 8 4 0 ~  o i  
6.910E 02 

5.700E 0 4  

1.070E 00 

5.700E 0 4  

2.4iOE 0 1  

A.770E 01 

5.800E 04 

2.74OE 01 

2 . 8 0 0 E O i  

0.0 

0.0 

0.0 

0.0 

0.0 

0 .o 

3.100E 00 3.9OOE GO 0.0 

6.000E 00 i.OC0E C 1  C.0 

3.000E 00 j.000E 00 C.0 

4.200E-02 4-2COE-02 C.0 

4.bOOE 01 4.200E C 1  C.0 

u .O 3.OCUE-GA 0.0 

5.400E 00 0.0 C.0 

2.700E 00 0.0 c.0 

1.00OE 0 1  0.0 

1.000E 01 0.0 

6.000E 03 0.0 

2.600E-01 0.0 

1.84OE 01 0.0 

6.7tlOE 0.2 0 . 0  

2.200E 0 4  0.0 

1.070E 00 0.0 

2.200E 0 4  0.0 

2.410E 01 0.0 

1.77QE 01 0.0  

5.100E 0 4  0.0 

2.74OE 01 0.0 

2.ti00E-01 0.0 

8.700E 00 0.0 

1.500E 01 0.0 

i.500E 01 0.0 

1.500E 01 0.0 

1.500E 01 0.0 

1.500E 01 0.0 

c.0 

c.0 

0.0 

C.O 

0.0 

0.0 

0.0 

c.0 

c.0 

0.0 

0.0 

C.O 

0.0 

b.O 

c.0 

c.0 

c.0 

c.0 

6.0 

c.0 

CJVAKIE S L U N G S  

0.0 0.0 

u. 0 C.O 

0.0 c.0 

J. 0 c.0 

0.0 C.0 

3.  u U 06-u A 0. 0 

U.O C.0 

0.0 C.0 

0. U c. 0 

u.0 0.0 

0.0 5.0 

u. 0 c. 0 

0.0 .c. 0 
u. u 0.C 

U. 0 C.0 

0.0 .c . 0 

0.0 c. 0 

0.0 G.0 

0. u c.0 

(1.0 C . 0  

0. 0 0.0 

U.0  0.0 

0.0 1.0 

0.0 c.0 

0.0 c.c 

0.0 c.0 

U .  0 0.G 

u. u c.c 

P 

P 
N 



TABLE 4-18 (continued) 

TESTES O V A H I F S  L U N G S  MUSCLE T t i Y R O I O  L I V E R  K I O N E Y S  S P L E E N  ORGAM'NAHE T O T A L  BODY RJNE 

NUCLIDE 

u-237 

U-238 

Np-237 

Np-239 

PU-236 

PU-238 

FU-239 

FU-240 

PU-241 

FU-242 

PU-243 

PU-244 

Am- 24 1 

Am-24% 

Am-242 

Am-243 

Am-244. 

Cm-242 

Cm-243 

Cm-244 

Cm-24 5 

CUI-246 

Cm-247 

Cm-24 8 

Cm-244 

Bk-249 

Bk-250 

Cf-249 

6.320E 00 

1.000E 02 

3.900E 04 

2.330E 00 

1.024E 03 

2.200E 04 

6.400E 04 

6.300E 04 

4.500E 03 

6.500E 04 

2.080E-01 

6.500E 04 

1.800E 04 

1.500E 04 

6.670E- 01 

2.000E 04 

1.810E-02 

1.614E 02 

8.400E 03 

5.200E 03 

2.400E 04 

2.400E 04 

2.400E 04 

2.400E 04 

4.400E- 02 

2.890E 02 

1.340E- 01 

4.7COE 04 

6.620E 00 

3.000E 02 

7.300E 04 

2.330E 00 

1.025E 03 

2.300E 04 

7.200E 04 

7.lOOE 04 

4.500E 03 

7.30OE 04 

2.08oE-01 

7.300E 04 

5.100E 04 

3.200E 04 

6.670E-01 

7. l O O E  04 

1.810E-02 

1.621E 02 

1.100E 04 

6. lOOE 03 

7.200E 0 4  

7.100E 0 4  

7.300E 04 

7.300E 04 

4.400E-02 

2.89OE 02 

1.34OE - 01 

5.100E 04 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 . 0  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 .0  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

5.400E 04 

2.330E 00 

1.005E 0 3  

1.600E 0 4  

3.000E 04 

3.000E 0 4  

4.100E 03 

3.000E 04 

2.080E-01 

3.000E 04 

3.400E 03 

3.300E 03 

6.670E-01 

3.500E 03 

1.800E-02 

1.543E 02 

2.500E 03 

2.100E 03 

3.000E 03 

3.000E 03 

3.000E 03 

3.000E 03 

0.0 

0 .o 

0.0 

0.0 

4.660E 00 

1.500E 0 1  

6.400E 0 4  

2.330E OU 

1.007E 0 3  

1.600E 0 4  

3.200E 0 4  

3.200E 0 4  

4.LOOE 03 

3.200E 0 4  

2.08 0 E- 0 1 

3.200E 0 4  

2.300E 0 4  

1.800E 04 

6.670E-01 

2.700E 0 4  

1.800E-02 

1.614E 0 2  

8.400E 03 

5.200E 03 

2.4UOE 04 

2.400E 04 

2.400E 04 

2.400E 04 

0.0 

0.0 

0.0 

0 .0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.c 

0.0 

0 .O 

0.0 

0.0 

0.0 

0.0 

0 . 0  

0 .0  

0 .0  

0.0 

0.0 

0 .0  

0 . 0  

0 .o 

0 .o 

0 - 0  

0 .o 

0.0 

c.0 

0.0 

0.0 

c.0 

0.0 

c.0 

C.0 

C.O 

0.0 

c.0 

(1.0 

0.0 

0.0 

c .0  

C.O 

0.0 

c.0 

c.0 

c.0 

c.0 

c.0 

C.0 

C.O 

c .0  

C.0 

c.0 

c.0 

L.0 

u.0 

0.0 

U. 0 

0.0 

u. 0 

u. 0 

0. u 

U. u 

0.0 

0. 0 

(r. 0 

0.0 

0.0 

0.0 

u. u 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

U. U 

0.0 

0.0 

0.0 

0.0 

u. 0 

c.0 

b.0 

c . 0  

c.0 

c.0 

0 .0  

L. 0 

0.0 

0.0 

c.0 

G.0 

c .0  

c.0 

c.0 

6.0 

0.0 

C.C 

c.0 

0.0 

c.c 
.G.O 

c.0 

C . O  

0.0 

c.0 

c.0 

c.0 

0.0 

P 

P 
W 
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TABLE 4-1C (continued) 

ORGAN N A M E  T f l T A L  BODY R3f4E  MUSLLE T - I Y R O I O  L I V E R  K I D N E Y S  SPLEkN 

NUCLIDE 

Ag-io5 

Ag-11OM 

Ag-111 

cd-109 

Cd-llgM 

03-115 

1 n - 1 1 3 ~  

In-114M 

1n-11.5~ 

In-115 

sn-113 

Sn-119M 

sn-123 

sn-125 

Sb-122 

Sb-124 

sb-125 

Te - 12 5M 

Te-127M 

Te-127 

Te-12% 

Te-129 

~ e - 1 3 1 ~  

Te-132 

I-l26 

1-129 

1-130 

1-131 

6.300E- 01 

1.700E 00 

4.000E- 01 

1.100E-01 

6.100E-01 

7.100E-01 

2.900E-01 

9.700E-01 

2 -600E- 01 

A -700E- 01 

3.200E- 01 

6.100E-02 

5.200E- 01 

9.400E-01 

8.200E-01 

1.6011~ 00 

3.600E-01 

1 -500E- 01 

3.200E-01 

2.400E- 01 

1.100E 00 

9.8 OOE- 01 

A.600E 00 

1.900E 00 

2.300E- 01 

8.900E-02 

1.630E 00 

4.400E- 01 

1.600E-01 

A.AOOE 00 

A.800E 00 

0.0 

0.0 

0.0 

6.800E-01 

4.500E 00 

7.400E-01 

8.500E-01 

7.000E-01 

2.600E-02 

2.600E 00 

4.800E 00 

2.70OE 00 

2.300E 00 

6.200E-01 

5.100E-01 

1.500E 00 

1.200E 00 

3.200E 00 

2.80oE 00 

2.600E 00 

3.100E 00 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.600E-0 A 

9.200 E-0 A 

A.600E-01 

1.7 OOE-0 1 

A.600E-01 

1. 700 E-02 

5.200E-01 

9.300E-01 

5.90CE-01, 

5.7 0 0 E-0 1 

1.400E-01 

1. A00E-0 A 

3.000E-01 

2.400E-01 

6.800 E-0 A 

6.000E-01 

6.900E-01 

7.400E-01 

1.600E-01 

6.80 OF.-02 

4.9COE-01 

2.300E-01 

2.900.5-01 

8.4OOE-01 

3.800E-01 

1.000E-01 

6.100E-01 

5.800E-01 

2.AOOE-01 

9.400E-01 

2.000E-01 

1.700E-01 

2.300 E-0 1 

3.800E-02 

5.200 E-0 A 

9.400E-01 

6.700E-01 

9.200E-01 

2.300E-01 

1.40015-01 

3.200E-01 

2.40OE-31 

8.30OE-OA 

7.300E-0A 

9.700E-01 

A.10UE 00 

0 .o 

0 .o 

0 .o 

0 .o 

2.200E-01 

6.5r)OE-0 I 

3.70 OE-0 1 

9. M O O E - 0 2  

6. A OOE-0 1 

S.600E-01 

1.9UOE-01 

9.300E-OA 

1.900E-01 

A.700E-01 

0.0 

0 .a 

0.0 

0.0 

O.U 

0.0 

0.0 

A.4JOE-01 

3.2 0 U E-0 A 

2.4UOE-0 A 

7.&UOt-OA 

6.800E-01 

8.10 O E - 0  1 

9.60 0 E-0 1 

u .o 

0 .o 

0.0 

0 .u 

0.0 

0 .a 
0.0 

0.0 

0 .o 

0 .a  
A .900E-CA 

9 -3 COE- C A 

1.900E-01 

1.700E-LA 

0 .a 
0 .o 

0.0 

0.0 

0.0 

0 .a  
0.0 

A.40OE-01 

3.200E-CA 

2.400E-Ul 

7.8COE- 0 A 

6 .MOO€- 0 1  

8 OCOE- a1 

9 .O COE- U 1 

0.0 

0.0 

0 .a 
0 .a 

T E S T F S  O V A R I E S  LUNGS (S) LUNGS 1 1 1  

c.0 

C.O 

c.0 

0.0 

c.0 

0.0 

0.0 

C.0 

c.0 

0.0 

0.0 

0.0 

c.0 

c.0 

6.0 

c.0 

c.0 

1. A O O E - 0  A 

3. l O 0 E - O A  

2. 4OOE-OA 

t . Y 0 O t -  A 

6 .  U UOE-01 

0.u 

7.3 C CE-01 

0.0 

C.U 

c. 0 
L.ir 

0.0 

u. u 
u. u 

0.0 

0. r )  

u. U 

u.0 

u. U 

u. 0 

u.u 

U .  u 

0.0 

U. 0 

0.u 

0. u 
U. 0 

0.0 

u.u 

U.U 

u. U 

u. u 

0. J 

u.u 

G. u 

0.0 

b. 3 

u. 0 

u. u 

c. a 
0. (r 

0.0 

0.0 

0.0 

U.0 

c.c 
C. c 

0. c 

b.b 

0.0 

.a .a 
c. c 

c.c 
6.7OOk-31 

5 .  i U J k - U  A 

L . 3 O L ) E - U A  

0.0 

6.0 

c.0 

6.0 

0.0 

L.b 

U.0 

a.c 
l3.U 

C.C 

c.0 

P 

P 
03 



TABLE 4-1C (cont inued)  

ORGAN NAME TllTAL BODY R I N E  MUSLCr l r i Y H C I U  L l V t h  A l C r U t Y S  S P L C E Y  T E S T L S  

NUCLIDE 

1-132 

1-133 

1-134 

1-135 

CS-131 

CS - 134M 
cs-134 

CS-135 

CS-136 

CS-137 

Cs-138 

Ba-131 

Ba-140 

La-140 

Ce-141 

Ce-143 

Ce-144 

Pr-142 

Pr-143 

Nd-144 

Nd-147 

Nd-149 

Pm- 14 7 

Pm- 14 8M 

Pm-148 

Pm-149 

Sm-147 

1.7OOE 00 0.0 0.0 6.500E-01 0.0 0.0 0 .o C.0 

8.400E- 01 0.0 0.0 5.400E-01 0.0 0.0 0.0 0.0 

1.500E.00 0.0 0.0 8.200E-01 0.0 0 .o 0 .o i.O 

1.300E 00 0.0 0.0 5.200E-01 0.0 0.0 0 .o G.0 

2 -9 OOE- 02 

1.900E-01 

1.100E 00 

6.600E- 02 

6.500E- 01 

5.900E-01 

2.580E 00 

3.8 OOE- 01 

2.300E 00 

1.900E 00 

2.100E- 01 

9.7OOE-01 

1.300E 00 

8.500E- 01 

3.2 OOE- 01 

2.000E 01 

4.000E-01 

1.100E 00 

6.900E-02 

1.470E 00 

1.070E 00 

5.400E- 01 

2.300E 01 

1.700E-02 

4.900E-01 

9.900E-01 

3.300E-01 

7.200E-01 

1.400E 00 

0.0 

1.100E-01 

4.200E 00 

2.700E 00 

8.100E-01 

3.800E 00 

6.300E 00 

3.900E 00 

1.600E 00 

1.000E 02 

1.400E 00 

4.700E 00 

3.500E-01 

1.300E 00 

3.600E 00 

1.900E 00 

1.150E 02 

2.900E-02 

2.6 00 E-0 1 

1 . l O O E  00 

6.6 00 E-02 

6.5 00 E-0 1 

5 900E-01 

0.0 

3.800E-01 

2.300E 00 

0.0 

0.0 

0.0 

.o. 0 

0.0 

0.0 

0.0 

0.0 

a. o 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 .o 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.400E-02 

1.500E-0 1 

5.700E-01 

6.600E-02 

3.50OE-01 

4.1006-01 

0.0 

1.900E-0 1 

1.400E 00 

1 . lOOE 00 

1.800E-01 

8.500E-01 

i.300E 00 

8.100E-01 

3.200 E-01 

2.000E 01 

3.200E-Ul 

9.900E-01 

6.900E-02 

7 600E-01 

8.600E-01 

4.40OE-01 

2.300E 01 

2.iUI)E-02 

l.lOOE-01 

4.600E-01 

6.60UE-02 

2.900E-01 

3.700t-01 

0.0 

1.4UO E-0 1 

1.200E 00 

0.0 

1.800E-01 

8.200E-01 

1.300E 00 

8.100E-01 

3.2 OOE- 0 1 

2.000E 01  

3.100E-01 

9.700E-01 

6.90 OE- 02 

6.100E-01 

8.20 O E - 0  1 

4. LU 0 E-0 A 

2.300E 01 

L. 100E-02 

1.300E- C1 

4.6COE-01 

b.6CUE-C2 

2.9COE-C1 

3.7co~-a1 

0.0 

1.4COE-01 

1.200E 00 

0 .a 
0.0 

0.0 

0 .O 

0.0 

0.0 

0.0 

0.0 

0 .O 

0 .o 

0 -0 

u .O 

0.0 

0.0 

c.0 

c.0 

c.0 

C.U 

c.0 

6.0 

0.0 

c.0 

c.0 

c.0 

c.0 

0.U 

0.u 

0.0 

c. 0 

c.0 

0.0 

6.0 

0.0 

L.O 

a.u 

0.0 

C.O 

O V A R I E S  LUNGS (9 LUhGS ( 1 )  

u. u 

0.0 

U.0 

U. 3 

0.0 

U.U 

0.0 

0. U 

U.0 

U.0 

U.U 

u. 0 

0.0 

U. 0 

0.0 

U. U 

u. u 

0.0 

0. U 

U. 0 

0.0 

U. 0 

0.0 

U. u 

U.U 

0.0 

0.0 

c. c 

c.c 

0.u 

0.u 

L . 4 O O t - O L  

1.700E-0 i 

5.70(rE-I)L 

6.60JE-UL 

3.5uut-U 1 

4.AOOE-01 

6.0 

1 . Y 0 0 E - O i  

A.400E i10 

0.0 

c.0 

c.0 

0.0 

0.0 

G.0 

C.0 

c.0 

a.c  

G.0 

0 . G  

0.0 

(1.0 

c. 0 

1 . 6 C U t  U U  

a .4CU t-0 1 

1.ALUE JU 

7.7Lu E-ul 

L .4cut-uL 

1 . z L u t - J i  

3 .zuuE-ul 

o .6Lu t - U L  

1 .bLUt-uA 

4. U t J  t - 0  1 

1 . S L U t  uu 
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ORGAN w n ~  
NUCLIDE 

NP-239 

FU-236 

FU-238 

PU-239 

PU-240 

pu-2lrl 

Pu-242 

. h-243  

Pu-244 

Am-241 

Am-242M 

Am-242 

~ m -  24 

Am- 244 

Cm-2L2 

Cm-243 

Cm-244 

Cm-245 

Cm-246 

Cm-247 

Cm-248 

cn-249 

B~-249 

Bk-250 

Cf-249 

cf-250 

cf-251 

TOTAL BODY BJNE fiUSCLt  ti rRai o 

2.900E- 01 

3.400E 02 

5.70CE 01 

5.300E 01 

5.300E 01 

2.300E 00 

5.100E 01 

3.7OOE-01 

5.840E 01 

5.700E 01 

6.130E 01 

6.720E 01 

5.400E 01 

4.400E 01 

8.000E 01 

6.000E 01 

6.000E 01 

5.600E 01 

5.600E 01 

5.500E 01 

4.533E 02 

5.200E 00 

3.800E 00 

5.700E 01 

6.000E 01 

6.200E 01 

5.900E 01 

9.800E-01 

1.500E 03 

2.800E 02 

2.70OE 02 

2.700E 02 

1.400E 01 

2.500E 02 

2.00oE 00 

2.920E 02 

2.800E 02 

3.024E 02 

3.36OE 02 

2.700E 02 

2.5OOE 02 

4.000E 02 

3.000E 02 

3.000E 02 

2.800E 02 

2.800E 02 

2.70OE 02 

2.245E 03 

2.700E 01 

2.000E 01 

2.900E 02 

3.000E 02 

3.1OOE 02 

2.900E 02 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  

0.0 

0.0 

0.0 

0.0 

0.0 

0 .0  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

TABLE 4-1C (continued) 

L I V E R  K I U l v E Y S  S P L E E N  

2.200E-01 

A.700E 02 

5.700E OA 

5.300E 01 

5.300E 01 

1.000E 00 

5.100E 01 

2.500E-01 

0.0 

5.700E 01 

5.710E 0 1  

6.300E 01 

5.400E 01  

2.000E 01 

7.000E 01 

6.000E 01 

6.000E 01 

5.600E 01  

5.600E 01 

5.500E 01 

4.533E 02 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.llJOE-01 0 -0  

1.700E 02 0.0 

5.700E 01  0.0 

5.300E 01 0.0 

5.300E 01 0.0 

2.500E 00 0.0 

5 . 1 0 0 ~  O A  0.0 

3.700E-01 0.0 

5.840E 01 0.0 

5.700E 01  0.0 

6 . 0 5 0 ~  01 0.0 

6.550E 01 0 .0  

5.400E 01 0.0 

4.400E 01 0.0 

7.800E 01 0.0 

6.000E 01  0.0 

6.000E 01 0.0 

5.600E 01  .O.O 

5.600E 01 0.0 

5.500E 01 0.0 

4.533E 02 0.0 

0.0 0 .a 
0 .o 0 00 

0.0 0.0 

0.0 0 .o 

0 .o 0.0 

0 .o 0.0 

TESTES O V A R I E S  LUNGS ( 5 )  LUNGS ( 1 1  

a . 0  

0.0 

0.0 

u.0 

a . 0  

c.0 

0.0 

0.0 

0.0 

c.0  

0.0 

0.0 

c.0 

c.0 

0.0 

a.o 
C.O 

0.0 

a.0  

C.0 

c.0 

C.0 

a. o 

0.0 

0.0 

a.0  

c.0 

0.0 

0.0 

U.U 

u. 0 

0.0 

U. 0 

0.0 

0. 0 

u.O 

0.0 

U. u 

U.U 

0.0 

0.0 

0.0 

0.0 

u. u 

0.0 

0. 0 

'U.0 

u. 0 

0.0 

0.0 

0.0 

0.0 

0.0 

u. 0 

C.O 

c. c 

2, L 

0.0 

0.0 

c.c 
C.C 

L.0 

c. c 
0.0  

0.0 

0.0 

c.0 

0.0 

c.a 

a.0 

0.0 

c.0 

a.c 
c.0 

c.0 

c. a 
0.0 

(r. a 
a. o 
c. 0 
c.0 

I 
v1 
w 



ORGAN NAME 

NUCLIDE 

cf-252 

Cf-253 

Cf-254 

Es-253 

Es-254M 

Es-254 

Es-255 

Fm-2% 

Fm-255 

Fm-256 

TOTAL B01)Y 

2.100E 02 

7.300E 01 

3.800E 03 

7.300E 01 

1.300~ 02 

1.200E 02 

7.500E 01 

1.319E 02 

7.500E 01 

3.600E 03 

B3NE MUSLLE 

1.100E 03 0.0 

3.700E 02 0.0 

1.890E 04 0.0 

3.700E 02 0.0 

6.600E 02 0.0 

6.200E 02 0.0 

3.800E 02 0.0 

6.700E 02 0.0 

3.800E 02 0.0 

1.800E 06 0.0 

T h Y K O I D  

0.0 

0.0 . 

0.0 

0.0  

0.0 

0 .0  

0.0 

0.0 

0.0 

0.0 

TABLE 4-1C (continued) 

L I V E Y  K I O k E Y S  

0.0 

0.0 

0.0 

0.0 

0.0 

0 .o 

0.0 

0.0 

0.0 

0.0 

0 .o 

0 .o 

0.0 

0.0 

0 .o 

0 .o 

0 .r) 

0.0 

0 .o 

0.0 

T E S T t S  O V A M l E S  LUNGS ( 5 1  S P L E E N  

0 .o 

0.0  

0 .o 

0.0 

0.0 

0 .o 
0.0 

0 .o 

0.0 

0 .o 

0.3 

G . 0  

c.0 

c .0  

c.0 

0 .0  

0.0 

a.0 

0.0 

C.0 

0.0 

0. u 

0.0 

0.0 

u.0 

b.0 

0 .0  

0.0 

0.3 

u.u 

L.0 

c. C 

0.0 

G.a 
c. c 

C.C 

0 .0  

c .  0 

c .c  

u.0 

LUNGS. L I 1  

P 
I 
VI 
P 



O R G H  NAME 

NUCLIDE 

H1;3 

Be-7 

C - 1 4  

F-18 

Na-22 

Na-24 

si-31 . 

P-32 

s-35 

CL-36 

C l - 3 8  

K-42 

Ca-45 

ca-47 

SC-46 

sc-47 

sc-48 

V-48 

cr- 51 

~ n - 5 2  

Mn-54 

Mq-56 

Fe-55 

Fe-59 

CO-57 

CO-58M 

CO-58 

TOTAL BODY 8ONE 

1.750E 00 

2.500E- 01 

7:500E-01 

7.500E- 01 

7.500E-01 

7.500E-01 

6 8 OOE- 01 

6.300E-01 

7.5 OOE- 01 

7.500E- 0 1 

7.500E-01 

7.500E-01 

5.500E- 01 

5.500E- 01 

2.500E- 01 

2.500E-01 

2.500E- 01 

2.600E-01 

2.500E-01 

3.000E- 01 

3.00 OE- 01 

3. OOOE- 01 

3.000E- 01 

3.000E-01 

4.000E- 01 

4.000E- 01 

4.000E- 01 

0.0 

8.000E-02 

2.000E-02 

4.000E-01 

0.0 

0.0 

0.0 

3.200E-01 

2.000E-02 

0.0 

0.0 

0.0 

5.oooE-01 

5.000E-01 

5.000E-02 

5.000E-02 

5.oooE-02 

4.000E-02 

0.0 

0.0 

0.0 

0.0 

3.000E-02 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.900E-01 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 . 0  

0.0 

a. o 

0.0 

0.0 

0.0 

0.0 

0.0 

TABLE 4-1D 
INREM DATA BASE 

INHALATION UPTAKE FRACTIONS~ 
T E S T t S  THYRCIO L I V E R  KIUNEYS SPLEEN 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.300E-04 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.500E-02 

0.0 

0.0 

0.0 

0.0 

0.0 

4.000E-02 

0.0 

0.0 

0.0 

1.500.f-02 

0 .o 

0.0 

4.000E-02 

4.000E-02 

4.000E-02 

2.000E-02 

0.0 

7.000E-02 

7.000E-02 

7.00OE-02 

4.000E-02 

4.000E-02 

2.000E-02 

2.000E-02 

2.000E-02 

0 .o 

7.500E-03 

0.0 

0.0 

0.0 

0 .o 

0.0 

0.0 

0 .o 

0 .o 

0.0 

0 .o 

0.0 

0.0 

5.000E-03 

5.300E-03 

5.00 OE-03 

1.000E-02 

6.800E-04 

2 .oo OE-02 

0.0 

0 .o 

0 .O 

0 .o 

8.000E-04 

8.000E-04 

a.000E-04 

0.0 

5.CCOE-04 

0 .o 

0.0 

0.0 

0.0 

0 .o 
0.0 

0.0 

0 -0 

0 -0 

3.000E-03 

0 .o 

0 .o 

0 -0 

0.0 

0.0 

2 -6COE- C 3  

0.0 

0.0 

0 .o 

0 .o 

6.000E-C3 

6.OCOE-03 

5.6COE-C4 

5 -6COE- 04 

5 . 6 c o ~ - a 4  

0.0 

c.0 

C.O 

0.0 

0.0 

c.0 

3 .40  aE-J+ 

0.0 

S. B O O E - 0 4  

0.0 

0.0 

c.0 

c. 0 

c.0 

c.0 

c.0 

a.u 
c.0 

c.0 

(4.0 

0.0 

c.0 

c.0 

c.0 

C.0 

0.0 

c.0 

0.0 

u. 0 

0.0 

0. 0 

0.0 

0.0 

4.0u0E-05 

0.0 

0.0 

0.0 

0. u 
0.0 

0. 0 

0. 0 

0. 0 

0.0 

0. u 

u. 0 

0.0 

0. u 

u. 0 

0.0 

0.0 

0.0 

u. u 

u.O 

0.0 

c.0 

c.a 

c.0 

c. 0 

C.0 

c. 0 

7.000k-02 

0.0 

c.0 

C.0 

c.0 

0.a 

1.0 

0.0 

C.U 

c.0 

C, 0 

c.0 

1.003E-UL 

0.0 

c.0 

C.0 

b.CO0t-03  

b- COOE-03 

a .u  

a . a  
c .a  

aZero e n t r i e s  mean "no data." 



TABLE 4-1D (continued) 

T i Y K O I  D L I V E R  K l U h i E Y S  ORGAN NAME TOTAL BODY 6 3 N E  

NUCLIDE 

CO-60 4.000E-01 0.0 

Ni-59 4.000E- 01 2.00OE-Q1 

Ni-63 4.000E-01 2.000E-01 

Ni-65 4.000E-01 2.000E-01 

CU-64 3.900E-01 0.0 

zn-65 3.000E-01 4.000E-03 

z n - 6 9  3.000E-01 4.500E-02 

~ n - 6 9  3.000E- 01 4.500E-02 

~ a - 7 2  2 500E- 01 7.500E-02 

Ge-71 2.60CE-01 0.0 

As-73 2.700E-01 0.0 

As-74 2.700E-01 0.0 

AS-76 2.700E-01 0.0 

AS-77 2.700E-01 0.0 

Se-75 7.000E-01 0.0 

Br-8OM 

Br-82 

Br-83- 

Br-84. 

Rb-86  

Rb- 87 

Rb-88 

Rb-89 

7.5OOE- 01 0.0 

7.5OOE-01 0.0 

-7.500E-01= 0.0 

7.500E-01 0.0 

7.500E-01 0.0 

7.500E-01 0.0 

7.5OOE-01 0.0 

7.5OOE- 01 0.0 

sr-8y 4.000E-01 2.800E-01 

Sr-85 4.OOOE-01 2.800E-01 

sr-89 4.000E-01 2.800E-01 

Sr-go 6.800E-02 6.8OOE-02 

Sr-91 4.000E-01 2.800E-01 

M l J L L t  

0.0 

0.0 

0.0 

0.0 

0.0 

9.000 E-02 

9.000 E-02 

9.000E-02 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.4 00 E-01 

3.400E-01 

3.4 00 E - 0 1  

3 -400 E-01 

0.0 

0.0 

0.0 

0 .0  

0.0 

0.0 2.00OE-02 8.000E-04 

0.0 3.000E-02 0.0 

0.0 3.000E-02 0-0 

0.0 3.000E-02 0.0 

0.0 3.000E-02 2.000E-OL 

0.0 1.ionE-01 1.200~-02 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 . 0  

0.0 

0.0 

0.0 

0.0 

0.0 

1.100E-01 

1.100E-01 

6.300E-02 

5.000E-03 

6.00UE-03 

8.000E-03 

8.000E-03 

8.000E-03 

5.000E-02 

0.0 

0 .0 

0.0 

0.0 

4.000E-02 

4.000E-02 

4 00 0 E-02 

1.200E-02 

1.200E-02 

5.000E-03 

8.000E-03 

2.700E-03 

Z 7 0 0 E- 0 3 

L. 7 00E-03 

2.700E-03 

3.000E-02 

0 .o 

0 .o 

0 .o 

0 .o 

0.0 

0.0 

0.0 

0.0 4.000E-02 0.0 

0.0 0 .o 0 .o 

0.0 0.0 0 .o 

0.0 0.0 0.0 

0.0 0 -0 0 .o 

0.0 0.0 0.0 

5 . 6 C O E - C 4  C . 0  

0 .0 C.0 

0.0 0.0 

0 .o 0.0 

3.000E-02 

0 .o 

0 .o 

0.0 

2.5 COE- C3 

0.0 

0.0 

0 .o 

0 .o 

0.0 

3 -500E- G3 

0.0 

0.0 

0 -0 

0.0 

3 -0005 C3 

3 .OCOE- 63 

3 .OCOE-  03 

3.000E- 6 3  

0 .o 

c.0 

2. 70 CE-04  

2.700E-0’r 

L. 700E-04 

C.O 

C.O 

G.O 

c.0 

, c.0 

c.0 

6.0 

c. 0 

C.d 

c.0  

a. o 

C.O 

c.0 

6.0 

c.u 

c.0 

0.c C.0 

0 - 0  0.0 

0 .O 0.0 

0 .O c .0  

O V A R I E S  LWNGS 

0.0 

0.0 

r ) .  0 

0.0 

0. r) 

I. 2 u ut-u4 

1.ZUOE-04 

1. LuOE-04 

u. 0 

0.0 

0. u 

0.0 

4J. u 

U. u 
0.0 

0.0 

COO 

c.0 

c.0 

C.0 

C.0 

C . 0  

.c.o 

c.0 

0.0 

0 .0  

C.G 

c .  0 
C.0 

(r.0 

c.0 

C.0 

P 

In m 

0.0 G.0 

0.0 G.0 ~ 

u. 0 c.0 

0.0 C.C 

0.0 c.0 

u. 0 c.0 

u. 0 0.0 

0 .0  c. 0 

U. 0 G.0 

3.0 C.0 

u. J c.0 

- - 

U.0 c.a 



TABLE 4-1D (continued) 

ORGAN NAYF T i l T A L  HflOY 6 3 Y F  VU\LLZ I r i Y K C l C  L I V E P  K I C h l k Y S  S P L E C I V  T F S T E S  O V A K I t  5 L U ~ G S  

NUCLIDE 

Sr-92 

Y- 90 

Y-91M 

Y-91 

Y-92 

Y-93 

Zr-93 

zr-95 

Zr-97 

Nb - 93M 

Nb-95M 

Nb-95 

Nb-97 

Mo-99 

Tc-96M 

Tc-96 

Tc-97M 

T c - 9  

Tc-99M 

Tc-99 

Ru-97 

RU-103 

RU-105 

RU-106 

R h- 103M 

~h-105 

~d-103  

Pd- lo9 

4.000E- 01 

2.500E-01 

2.500E- 01 

2.500E- 01 

2.500E- 01 

2.500E-01 

2.500E- 01 

2.500E-01 

2.500E-01 

2.500E- 01 

5 . 2 o a ~ - o i  

2.500E- 01 

2.500E- 0 1 

6.500E- 01 

5.00CE- 01 

5.00CE- 01 

5 . 0 0 0 ~ -  01 

5.00CE-01 

5.00CE- 01 

5.00CE- 01 

2.700E- 01 

2.700E- 01 

2.700E- 01 

2.700E- 01 

3.500E- 01 

3.500E- 01 

3.500E- 01 

3-500E- 01 

2.800E-01 

1.900E-01 

1.900E- 01 

1.900E - 01 

1.900E-01 

1.900E-01 

9.000E-02 

9.000E-02 

9.000E-02 

1. OOOE - 01 

1. OOOE - 01 

1.000E-01 

1.000E-01 

0.0 

1.OOOE-03 

1.000E-03 

1.000E-03 

1.000E- 03 

1.000E-03 

1.000E-03 

2.000E-02 

2.000E-02 

2.000E-02 

2.000E-02 

2.000E-02 

2.000E-02 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

os. 0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 .o 

0.0 

0.3 

0 .o 

0 .o 

0.0 

0.0 

0.0 

2.000E-02 

2.000E-02 

2.000E-02 

2.000E-02 

2.000E-02 

2.000E-02 

2.000E-02 

6.500E-02 

1.500E-03 

1.500E-03 

A .50Ut-03 

1.200E-03 

A .500€-0j  

1.500E-03 

0.0 

0 .o 

0.0 

0.0 

1.400E-i)L 

1.400E-02 

3.000E-OL 

3.00Ut-02 

0.0 

0 .o 

0.0 

0.0 

0.0 

0.0 

5.000E-03 

5 -0 0 OE-03 

5.00 OE-03 

5.UUOE-03 

5.OOOE-03 

5 -0UUE-03 

5.U0 OE-03 

5.500E-OL 

5.00UE-03 

5.000E-03 

5.OOUE-03 

5.000E-03 

5.000E-03 

5 -5UOE-Uj 

5 .0011€-02 

5 , O O J E - O L  

5.00OE-02 

5.00 OE-02 

1.U0OE-02 

1.300t-u2 

jl.OOOE-OL 

3 .UOOE-OL 

0.0 

0.0 

0.0 

0 .O 

0 .o 

0.0 

A. 5COE- L3 

1 .>cot-c3 

A -5COt- C j  

2 .OCOE- i 3  

2 .OCOE- C 3  

2.0COE-C;r 

2 .OCOE-C3 

0 .o 

0.0 

0 .0 

0 .o 

0.0 

U.0 

0 .0 

U.0 

0 .o 

U .O 

0.0 

3 .5cut-cr, 

3.5CUc-Uj 

3.500E- C3 

4.5L0E- L3 

c.0 

c.0 

C.J 

c.0 

c.0 

0.0 

L.U 

C.U 

c.0 

c.0 

c.0 

L.U 

C.O 

c.0 

C.U 

C.O 

6.0 

c.0 

c.0 

C.3 

c.0 

C.0 

C.O 

c.0 

(1.0 

c.0 

C.U 

c.u 

0.0 

u. u 

0. U 

0.0 

u. 0 

0.0 

u. u 

U. 0 

0.0 

0. 0 

0.0 

0.0 

U. u 

0.0 

O.U 

u. 0 

0.0 

0 . 3  

u.O 

U. U 

u. U 

0.0 

U. 0 

U. U 

O.U 

U. u 

0. u 

u. u 

c.0 

c. 0 

L.b 

c.0 

c.0 

a. o 

L.U 

C.L 

c.c 

c.u 

6.U 

6.0 

C.O 

0.0 

4.kJuut-u4 

+.>Uut-0+ 

4.5uut-i)* 

4 .23ut-04 

4 . > W E - U 4  

4.kJuut-u4 

C.(i 

c. c 

C.L 

6.b  

c.c 

c.c 

1.0 

G . 0  

P 
I 
m 
v 



TABLE 4-1D (continued) 

ORGAN N A M E  TLlTAL BODY B J N E  MUbLLZ I d Y R O I O  L I V E R  K I U I J t Y S  SPLEEN T t S T E S  O V A R I E S  LUNGS 

NUCLIDE 

Ag-105 

Ag-11OM 

Ag-111 

cd-109 

Cd-ll5M 

Cd-115 

In-113M 

In-114M 

In-115M 

1n-115 

sn-113 

Sn-119 

Sn-123 

Sn-125 

Sb-122 

Sb-124 

sb-125 

Te-125M 

Te-12pl 

Te-127 

Te-129M 

Te-129 

Te-13lM 

~ e - 1 3 2  

1-126 

1-129 

1-130 

1-131 

2.600E- 01 

2.600E- 01 

2.600E- 0 1 

2.500E-01 

2.500E- 01 

2.500E- 01 

2.500E- 01 

2.500E-01 

2.500E- 01 

2.500E- 01 

2.800E- 01 

2.8 OOE- 01 

2.8 OOE- 01 

2.800E- 01 

2.700E-01 

2.700E-01 

2.700E- 01 

3.800E-01 

3.800E-01 

3.800E-01 

3.800E-01 

3.800E- 01 

3.800E-01 

3 .E OOE- 01 

7.500E- 01 

7.500E- 01 

7.500E- 01 

7.500E-01 

1.3 OOE - 02 

1.300E-02 

1.300E-02 

0.0 

0.0 

0.0 

4.000E-02 

4.000E-02 

4.000.5-02 

4.000E-02 

8.000E-02 

8.000E-02 

8.000E-02 

8.000E-02 

3.000E-02 

3.000E-02 

3.000E-02 

3.400E-02 

3.4OOE - 02 

3.400E-02 

3.400E-02 

3.4 OOE- 02 

3.400E - 02 

3. 4OOE - 02 

5.300E-02 

0.0 

5.300E-02 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 7.700E-03 5.000E-03 0.0 C.0 r ) .  0 

0.0 7.700E-03 5.000E-03 0.0 C.0 0.0 

0.0 7.700E-03 5.000E-03 0.0 0.0 0. 0 

0.0 1.900E-01 2.500E-02 0.0 c.0 0.0 

0.0 1.900€-01 2.500E-02 0.0 C.0 u. u 

0.0 1.900E-01 2.500E-02 0.0 C.0 u. 0 

1.000E-04 4.000E-02 1.000E-02 5.CCOE-C3 C.0 0.0 

1.000E-04 4.00UE-02 1.000E-02 5-UCOE-C3 C.0 U. u 

1.000E-04 4.000E-02 1.OOOE-02 5.000E-03 C.0 u. 0 

1.000E-04 4.OOOE-02 1.000E-02 5.000E-C3 C.0 0. 0 

2.800E-05 2.8OOE-03 0.0 0 .o 0.0 u. 0 

2.800E-05 2.4OOE-03 0.0 0 .o 0.0 0.0 

2.800E-05 2.600E-03 0.0 0.0 c.0 u.O 

2.800E-05 2.800E-03 0.0 0 .O 0.0 0.0 

8.000 E-06 

8 000E-06 

8.000E-06 

3.800E-04 

3. 8OOE-04  

3.800E-04 

3 - 8  00E-04 

3 -800E-04 

3.800E-04 

3.800E-04 

2.300E-01 

2.300E-01 

2.300E-01 

2.3COE-01 

5 .000E-U4 

5.000E-04 

5.000E-04 

2.000E-02 

2.OOOE-02 

2 .o OOE-OL 

2.oooE-02 

2.000E-02 

2.000E-02 

2 .000k-02 

9.000E-02 

0.0 

9.000E-02 

0 .o 

0.0 

0.0 

0.0 

3.000E-02 

3.000€-02 

3.000E-02 

3.0 0 OE-02 

3.OOOE-02 

3.00 0 E-02 

3.000E-02 

3.000E-02 

0.0 

3.OOOE-02 

0.0 

0 .o 

0.0 

0.0 

3.8COE-03 

3 . 8 GO€- 03 

3 .EGO€- 03 

3.600E-03 

3-800E-03 

3.8OOE-03 

3.8COE- 03 

3.8COE-03 

0.0 

3.8COE-03 

0 .o 

c.0 

C.0  

C.0 

A.100E-O~ 

l.AOO€-r)3 

1. A 006-03 

1.1OUE-03 

1 AOOE-03 

A. AOGE-OS 

A.AOIiE-03 

3.80Ct-0s 

c.0 

3.d00E-33 

c.0 

0.0 

0.0 

u. (r 

0.0 

0.0 

0 .0  

0.0 

0.0 

0.0 

0.0 

0.0 

u. 0 

U.0 

0.0 

0 .0  

gi0 

c.0 

0.0 

1.0 

6.0 

c.0 

0.0 

C.0 

C.0 

0.0 

0.0 

C.0 

c.0 

8. ooot-03 

8.OUOE-U3 

d.UO0E-03 

c.0 

c.0 

0.0 

r1.0 

0. 0 

0.0 

C.0 

0.0 

0.0 

0.0 

c.0 

f 
VI 
W 



TABLE 4-1D (continued) 

M U b t L t  1 - 4 Y R O I O  L I V E R  KICNEVS S P L F € N  T E S T E S  O V A R I E S  LUNGS ORGAN NAME TOTAL BOOY R3NE 

NUCLIDE 

1-132 7.500E-01 0.0 0.0 2.300E-01 0.0 0 .o 0 . 0  C. 0 0. 0 C.0 

1-133 7.500E-01 0.0 0.0 2.300E-01 0.0 0 .o 0 .O 0.0 0.0 U.O 

1-134 7.500E-01 0.0 0.0 2.300E-01 0.0 0.0 0 .a G.O 0.0 0.0 

1-135 7.500E- 01 0.0 0.0 2.300E-01 0.0 0 .o 0.0 C.0 cl. 0 c. a 
CS-131 7.500E-01 3.000E-02 3.000E-01 0 . 0  5.000E-02 7.500E-03 3.8COE-CS 0.0 0.0 Z . 3 0 U E - 0 3  

CS-134M 7.500E-01 3.000E-02 3.000E-01 0.0 5.000E-02 7.500E-03 3.8COE-03 C.0 U. 0 2*3UUk-U3 

CS-134 7.500E-01 3.000E-02 3.OOOE-01 0.0 5.000E-02 7.500E-03 3.8COE-C3 0.0 0. 0 L. 300 t - 0 3  

CS-135 7.500E-01 3.000E-02 3.000E-01 0.0 5.000E-02 7.500E-03 3.8COE-C3 C.0 0.0 L.3OUE-03 

CS-136 7.500E-01 3.000E-02 3,OOOE-01 0.0 5.000E-02 7.500E-03 3.8COE-63 C.0 0.0 L. 3uu E-U3 

CS-137 7.500E-01 3.000E-02 3.000E-01 0.0 5.000E-02 7.500E-03 3.8COE-C3 C.0 0.0 L.3u0E-u3 

CS-138 7.500E-01 3.000E-02 3.000E-01 0.0 5.000E-02 7.500E-03 3.8COE-C3 0.0 0.0 L.30Ut-03 

Ba-131 2.800E-01 1.900E-01 8.300E-04 0.0 1.700E-04 2.800E-05 1.4COI305 L.8OGt-04 A.Uubc-04 5.50Ut-U> 

Ba-140 2.800E-01 1.900E-01 8.300E-04 0.0 1.700E-04 2.800E-05 1.400E-05 0.0 0.0 >.500k-05 

La-140 2.500E-01 1.000E-01 0.0  0.0 4.000E-02 0.0 0 - 0  C.0 0.0 0.0 

Ce-141 2.500E-01 7.500E-02 0.0 0.0 6.000E-02 5.000E-03 0.0 C.O U. 0 b.0 

Ce-143 2.500E-01 7.500E-02 0.0 0.0 6.000E-OL 5.000E-03 0.0 0.0 0.0 C.O 

Ce-144 2.50OE-01 7.500E-02 0.0 0.0 6.000E-02 5.000E-03 0.0 c.0 0. J c.0 

Pr-fi2 2.50OE-01 1.000E-01 0.0 0.0 5.000E-02 5.000E-03 0.0 C.O 0.0 c.0 

Pr-fi3 2.500E-01 1.000E-01 0.0 0.0 5.000E-02 5.000E-03 0.0 c.0 0.0 c.0 

Nd-117 2.500E-01 9.000E-02 '0.0 0.0 1.300E-01 1.000E-02 0.0 c.0 0.0 C.0 

Nd-lU 2.500E- 01 9.000E-02 0.0 0.0 1.300E-01 1.000E-02 0.0 c.0 0.0 6.0 

Nd-149 2.500E-01 9.000E-02 0.0 0.0 1.300t-01 1.000E-02 0.0 6.0 u. u 0.0 

Pm-147 2.500E-01 9.000E-02 0.0 0.0 2.000E-02 5.000E-03 0.0 c.0 U. 0 0.0 

Pm-148M 2.500E-01 9.000E-02 0.0 0.0 2 . O O O E - 0 2  5.OUOE-03 0.0 6.0 0.0 c.0 

Pm-fi8 2.500E-01 9.000E-02 0.0 0.0 2.000E-02 5.000E-03 0.0 c.0 U. 0 C.0 

P 

Ul 
W 

Pm- 14 9 2.500E-01 9.000E-02 0.0 0.0 2.000E-02 5.000E-03 0.0 0.0 a. o G.C 

Sm-147 2.500E-01 9.000E-02 0.0 0.0 9.000E-02 5.000E-03 0.0 L . 0  u. 0 c.0 

sm-151 2.500E-01 9.000E-02 0.0 0.0 9.000E-02 5.000E-03 0.0 c.0 0.0 0.0 
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TABLE 4-1D (continued) 

ORGAN NAME TOTAL 8IJDY 83NF MUSLLr 

NUCLIDE 

Po-210 

At-211 

~ a - 2 2 3  

Ra-224 

~ a - 2 2 6  

Ra-228 

AC-227 

Ac-228 

~h-227  

Th-228 

~h-230 

~ h - 2 3 1  

~h-232  

Th-234 

pa-230 

pa-231 

Pa-233 

Pa-234 

U-230 

u-232 

U-233 

u-234 

U-235 

U-236 

U-237 

U-238 

Np-237 

Np-239 

2. BOO€-  01 

7.500E- 01 

4.000E- 01 

4.000E-01 

4.000E-01 

4.000E- 01 

2.5 OOE- 01 

2.500E-01 

2.500E-01 

2.500E-01 

2.500E- 01 

2.500E-01 

2.500E-01 

2.5OOE-01 

2.500E- 01 

2.500E- 01 

2.500E-01 

2.500E- 01 

2.5OOE:Ol 

2.500E-01 

2.500E- 01 

2.600E- 01 

2.500E-01 

2.500E- 01 

2.600E- 01 

2.600E- 01 

2.500E- 01 

2.50OE-01 

3.000E-02 

0.0 

2.000E-01 

2.000E-01 

4.000E-02 

4. OOOE - 02 
8.000E-02 

8.000E-02 

1.800E-01 

1.800E-01 

I. 800E-01 

1.800E-01 

1. 800E-01 

1. aooE-01 

1. LOOE-01 

1. 100E-01 

1.100E-01 

1.100E-01 

2.800E-02 

2.800E-02 

2.800E-02 

2.800E-02 

2.800E-.02 

2.800E-02 

2.800E-02 

2.800E-02 

1. 100E-01 

1.100E-01 

0 .0  

0.0 

0.0 
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0.0 

0.0 
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TABLE 4-1D (continued) 
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TABLE 4-1E (continued) 

ORGAN NAME TOTAL BODY B3NE MUSCLE T r l Y R O i O  L I V E R  K I O N t Y S  SPLEEN T E S T F S  O V A R I E S  L U N G S  

NUCLIDE 

Sr-92 

Y-90 

Y-91M 

Y-91 

Y-92 

y-93 

Zr-93 

Zr-95 

Zr-97  

- 93M 

Nb-95M 

Nb-95 

m-97 

Mo-99 

T C - ~ ~ M  

Tc-96 

Tc-9?M 

Tc-97 

Tc-99M 

Tc-99 

Ru- 97 

RU-103 

RU-105 

RU-106 

Rh-lO3M 

~h-105  

pd-io3 

~d-109 

3.000E- 01 

1.OOOE-04 

1.000E- 04 

1.000E-04 

1.000E- 04 

1.000E- 04 

1.000E- 04 

1.000E- 04 

1.000E- 04 

1.000E- 04 

1.000E- 04 

1.000E-04 

1.000E-04 

8.000E- 01 

5.000E- 01 

5.000E-01 

5.000E-01 

5.000E-01 

5.000E-01 

5.000E- 01 

3.000E- 02 

3.000E- 02 

3.000E- 02 

3.000E- 02 

2.000E- 01 

2.000E-01 

2.000E- 01 

2.00OE-01 

2.100E-01 

7.500E-05 

7.500E - 05 

7.500E-05 

7.500E-05 

7.500E-04 

3.600E-05 

3.600E-05 

3.600E-05 

3.800E-05 

3.800E-05 

3.800E-05 

3.800E-05 

0.0 

1.000E-03 

1.000E-03 

1.000E-03 

1.000E-03 

1.000E-03 

1.000E-03 

2.400E-03 

2.400E - 03 
2.400E-03 

2.400E-03 

1.000E-02 

1.000E-02 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 .0  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 .0  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 .0  

0.0 

0.0 

0 .o 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

I 

0.0 

0 .o 

0.0 

0.0 

0 .o 

0.0 

7 .OOOE-06 

7.000E-06 

7 -0 00 E-06 

9.000E-06 

9.000E-06 

9.000E-06 

9.000E-06 

8.000E-02 

1.5 0 0 E-03 

A.500E-03 

A. 5OOk-03 

1.500E-03 

A. 500E-03 

1.500E-03 

0.0 

0.0 

0.0 

0.0 

8.000E-03 

8.000E-03 

2.000E-02 

2.000 E-02 

0.0 

0.0 

0.0 

0 .o 

0 .0  

0.0 

2 0 0 OE-06 

2 00 DE-0 6 

L-OOOE-06 

2.0 0 0 E- 06 

2.0 00E-06 

2.0 0 OE-0 6 

2.000E-06 

6 - 0 0 OE-0 L 

5.000E-03 

5 -0 0 0 E- 0 3 

5 -0 OO E-03 

5.000E-03 

5.000E-03 

5.000E-03 

6.00 0 E- 0 3 

6.000E-03 

6.0 0 0 E- 03 

6.000E-03 

6.00OE-03 

6.000E-03 

2.000E-02 

2.00OE-02 

0 .o c .0  

0.0 c.0 

0 .o a.o 

0.0 0.0 

0 .o c.0 

0 .o 0.0 

6.000E-07 0.0 

o . a o o ~ - 0 7  0.0 

6.OCOE-07 C.0 

8.oaot-c7 0.0 

8.0OOE-07 0.0 

~ . o o o E - ~ ~  c.u 

8.000E-C7 G . 0  

0.0 c .0  

0 .0  c.0 

0.0 0.0 

0.0 c.0 

0 .o G.0 

0 .o c.0 

0 .o 0.0 

0 .o 0.0 

0.0 c.0 

0.0 c .0  

0.0 C.0 

~ . O G O E - U  '0.0 

2.OCOE-C3 0.0 

2.000E-03 C . 0  

2.000E-03 C.U 

0.0 

u. u 

0.0 

0.0 

0.0 

0.0 

u. 0 

b. 0 

0.0 

a. u 
0.0 

U . 0  

0.0 

0.0 

U .  0 

U.  0 

ir. 0 

0.0 

0.0 

u.u 

0.0 

0.0 

u. 0 

0.0 

0.0  

u. 0 

u. 0 

0. u 

0.0 

c.0 

a . 0  

0.0 

0.0 

a.0 

0.0 

c.0 

c .0  

0.0 

G.0 

1.0 

C.C 

c.0 

4.50ut-04 

s.>uuE-u4 

4.5oo~-a4 

4.>0r)E-J4 

4.50UE-04 

4.5OUE-uI 

0.0 

0.0 

0.0 

0.0 

c .0  

c . 0  

C.0 

0.0 

P 
1 

0 3  
U 



TABLE 4-1E (continued) 

Fri Y K O I  D 1 t V t X  K I C Y E Y S  S P L E E N  T E S T E S  

NUCLIDE 

Ag- 105 

A@;-11OM 

Ag- 111 

Cd-109 

Cd-115M 

cd-115 

1 n - 1 1 3 ~  

In-  114M 

1n-1.15~ 

ID-115 

Sn-113 

Sn-llgM 

sn-123 

sn-125 

Sb-122 

Sb-124 

sb-125 

Te-125M 

Te-127M 

~ e - 1 2 7  

Te-129M 

~ e - 1 2 9  

Te-13I.M 

~ e - 1 3 2  

1-126 

I-I29 

I-130 

1-131 

1.000E-02 

1.000E-02 

1.00OE-02 

2.500E- 03 

2.500E- 03 

2.500E- 03 

2.000E- 03  

2.000E-03 

2.000E-03 

2.000E-03 

5.00 OE- 02 

5.0 0 OE- 02 

5.000E-02 

5.000E-02 

3.000E-02 

3.000E- 02 

3.0 OOE- 02 

2.500E-01 

2.500E- 01 

2.500E-01 

2.5 OOE- 01 

2.500E- 01 

2.500E-01 

2.500E-01 

1.000E 00 

1.000E 00 

1.00CE 00 

1.000E 00 

5.000E-04 

5.000E-04 

5.000E-04 

0.0 

0.0 

0. 0 

3.400E-04 

3.400E-04 

3.4 OOE- 04 

3.400E-04 

2.000E-02 

2.000E-02 

2.000E-02 

2.000E-02 

3.000E-03 

3.000E-03 

3.000E-03 

2.300E-02 

2.300E-02 

2.300E-02 

2.300E-02 

2.300E-02 

2.300E-02 

2.300E-02 

7.000E-02 

0.0 

7.000E-02 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

5.0 

0.0 

0.0 

0.0 

8.000E-07 

8 -000E-07 

~ . O O O E - O ~  

8 000 E-07 

5.000E-06 

5.000E-06 

5.000E-06 

5.0 00 E-06 

9 - 0 00 E-0 1 

9.000 E-07 

9.000E-07 

2.500E-04 

L -5  0 OE-04 

2.500E-04 

2.500E-04 

2.500E-04 

2 .  ~ O ~ E - O C  

2.500E-04 

3.0 OOE-0 1 

3.000E-01 

3 . o o a ~ - o i  

3.000E-04 

3 .OuOE-04 

3.000E-04 

1.900E-03 

1.90OE-03 

1.900E-03 

L . ~ O O E - O ~  

2.800E-04 

2.800E-04 

2.80JE-04 

5.OUOE-04 

5.000E-04 

5.000E-04 

5.00dE-04 

6.000E-05 

6.000E-05 

6.000E-05 

1.05OE-02 

1.000E-02 

A.OOOt-OL 

1.000E-02 

1.000E-02 

1.000 E-J2 

1.OOOE-02 

1.200E-01 

0 .o 

1.200E-01 

2.OOOE-04 

2 .O 30E-04 

2.OOOE-04 

Z.JOOE-O+ 

2.500€-04 

2 .  J U U  E-04 

a. 00 OE-05 

8.00 0 E-0 5 

8.000e-05 

8.00JE-05 

0 .o 

0.0 

0.0 

0.0 

0.0 

0.0 

0 .o 

2.00u.E-OL 

2.0uoE-04 

2.000E-02 

2.0 0 0 5 0 2  

2.000E-OL 

2.000E-02 

2.0OUt-02 

4.000E-02 

0.0 

4. UUOE- 02 

0.0 

0 .o 

0.0 

0.0 

0 .O 

0 .o 

4.OCOE-C5 

4.0 COE- C5 

4.000E-05 

4 -000E- C 5  

0 .o 

0 -0 

(3.0 

0 .o 

0.0 

0.0 

0.0 

2.500E-03 

2.5CuE-03 

2.5COE- 03 

L .5COE-03 

2.500E-03 

i . 5 C O E - O 3  

2.5CGt-03 

5 .OCCE-03 

u.0 

>.OCUE-03 

6.0 

c.0 

c.0 

c.0 

c.u 

c.0 

C.O 

c.0 

0.0 

C.0 

c.0 

C.0 

G.0 

0. J 

0.0 

c.0 

c.0 

7.500t-(34 

i.50.Ct-04 

l.>&AG€-J4 

7,>0ct-34 

l.>OCE-04 

l.>OGk-O4 

7 .>c C t -04  

5.0 c G t - 0 3  

C.J 

>. J LLE- J5 

U V A R I E  C 

U. 0 
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u. 0 
0. d 

U. U 

u. 3 
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0. u 

U. J 
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U .  u 

u. 3 

3.0 

U. u 

u. u 

0.0 

U. J 
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U. u 

U. 0 

3.3 

0.3 

U.d 
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U.  J 

3.000E-01 0.0 0.0 0 .o c.0 0. 0 
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C . 0  

6.0 
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t4.b 
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U.O 
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c.0 

c.0 
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c.0 
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L. 0 

C.U 

C.O 

P 
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TABLE 4-1E (continued) 

ORGAN NAME TOTAL ROOV 83NE MUSCLE T t i Y R O I O  LIVER KIONEYS S P L E E N  T E S T E S  O V A R I E  S L U N G S  

NUCLIDE 

Sm-153 

EU- 1 5 2 ~  

EU-152 

Eu-154 

Eu-155 

Gd-153 

Gd-159 

!rb-160 

Dy-165 

DY-166 

HO-166 

Er-169 

~r-171 

Tm-170 

Yb-175 

Lu-177 

Hf-181 

~a-182 

w-181 

w-185 

W-187 

W-188 

Re-183 

~e-186 

~e-187 

Re-188 

OS-185 

1.000E- 04 

1.000E-04 

1.OOOE- 04 

1.000E-04 

1.000E-04 

1.0 OOE- 04  

1.000E- 04 

1.000E- 04 

1.OOOE-04 

1.000E- 04 

1.000E- 04 

1.000E- 04 

1.000E-04 

1.000E- 04 

1.000E-04 

1.000E-04 

1.000E-04 

1.000E-04 

1.000E-01 

1.000E- 01 

1.000E- 01 

A .  000E- 0 1 

5.000E- 01 

5 .OOOE-01  

5 .OO OE- 01 

5.00OE-01 

A .000E- 01 

3.500E-05 

3.600E-05 

3.6OOE-05 

3.600E-05 

3.600E-05 

6.000E-05 

4.500E-05 

6.000E-05 

6.000E-05 

6.000E-05 

6.COOE-05 

6.000E-05 

6.000E-05 

6.500E-05 

5.800E-05 

6.800E-05 

1.500E-05 

2.000E-05 

7.000E-03 

7.000E-03 

7.000E-03 

7.000E-03 

5.000E-03 

5.000E-03 

5.000E-03 

5.000E-03 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.5 00E-03 

3.500E-03 

3.500E-03 

3.5 0 0  E-03 

0.0 

3.500E-05 

2.500E-05 

2.500E-05 

2.500E-05 

2.500E-05 

3.000E-06 

1.200E-05 

0.0 

6.000E-06 

6.000E-Ob 

6.000E-06 

3.000 E-06 

3.000E-06 

0.0 

0.0 

0.0 

4.500E-05 

3.000E-05 

6.000E-03 

6.000E-03 

6.000E-03 

6.000E-03 

5.000E-03 

5 .OJOE-03 

5.000E-03 

5 -000E-03 

4.000E-03 

2.OOOE-06 

3.00OE-06 

3.OOOE-06 

3.UOOE-06 

3 -0 0 0 E-06 

0.0 

0.0 

3.000E-06 

0.0 

0.0 

2.000E-06 

2 .000E-O6 

2 . o o ~ ~ o i l  

2.00 OE-Ob 

5.000E-06 

1.OOOE-06 

2.00UE-06 

3.000E-06 

0.0 

0.0 

O.U 

0.0 

0.0 

0.0 

0.0 

0.0 

5.000E-03 

0 .o c.0 

0.0 c.0 

0 -0 0.0 

0 .o 0.0 

0 .o c.0 

0 .o c.0 

0.0 c.0 

0.0 0.0 

0.0 c.0 

0 .a c.0 

0.0 0.0 

0.0 0.0 

0 .o G .0 

0 .o 0.0 

0.0 C.U 

0 -0 0.0 

1 .300E-05 G . 0  

1.CCOE-CL C.0  

0 -0 c.0 

0 .o 0.0 

0 .o 0.0 

0 .o c.0 

0.0 c.0 

0 .o G.0 

0 .O c.0 

0.0 0.0 

0.0 0.0 

0.0 

0. 0 

0.3 

0.0 

0.0 

0.0 

0.0 

U. U 

0.0 

U. 0 

0. u 

U. 0 

0.0 

u.0 

U.0 

0.0 

0.0 

U. 5 

0.0 

0.0 

0. 0 

0. 0 

0. U 

u. u 

0.0 

U. u 

0.0 

0.0 

0.0 

0.0 

0.0 

6.0 

0.0 

0.3 

0.0 

0.0 

u.0 

G.0 

C.C 

0.c 

0.0 

4.0 

0.0 

C. 0 

c.0 

c.0 

L. 3 

c.0 

0.0 

b.0 

c.0 

0.0 

c.0 

C.L 

P 

U 
0 
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ORGAN NA9E 

NUCLIDE 

NP-239 

Fu-236 

Fu-238 

Fu-239 

Pu-240 

Pu-241 

Fu-242 

Fu-243 

Fu-244 

Am-241 

Am-242M 

Am-242 

Am-243 

Am-244 

Cm-242 

Cm-243 

Cm-244 

Cm-245 

Cm-246 

Cm-247 

Cm-248 

Cm-249 

Bk-249 

~k-250 

Cf-249 

cf-250 

cf-251 

1.000E-04 

3.000E- 05 

3.0 OOE- 05 

3.0 OOE- 05 

3.000E-05 

3.000E- 05 

3.000E- 05 

3.000E-05 

3.000E-05 

1.000E- 04 

1.000E-04 

1.000E- 04 

1.000E- 04 

1.000E- 04 

1.000E- 04 

1.OOOE-04 

1.00 OE- 04 

1.000E-04 

1.000E-04 

1.000E- 04 

1.000E- 04 

1.000E- 04 

3.000E- 05 

3.000E-05 

3.000E- 05 

3.000E-05 

3.000E-05 

63NE 

4.500E-05 

2.400E-05 

2.400E-05 

2.400E-05 

2.400E-05 

2.400E-05 

2.400E-05 

2.400E-05 

2.400E-05 

2.500E-05 

2. 5OOE-05 

2.500E-05 

2.500E-05 

2.500E-05 

3.000E-05 

3.000E-05 

3.000E-05, 

3.000E-05 

3.000E-05 

3. OOOE - 05 

3.000E-0,5 

3.000E-05 

2.400E-05 

2.400E-05 

2.400E-05 

2 400E - 05 

2.400E-05 

F!USLLt 

0.0 

0.0 

a. o 

0.0 

0.0 

0.0 

0.0 

0.0 

0 .0  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

TABLE 4-1E (continued) 

T I Y R O I D  L I V E R  K I D N E Y S  SPLEEN 

0.0 5.000E-06 3.000E-06 0.0 

0.0 4.500E-06 6.OOOE-07 0.0 

0.0 4.500E-06 6.00OE-07 0.0 

0.0 4.500E-06 6.000E-07 0.0 

0.0 4.500E-06 6.000E-07 0.0 

0.0 4.500E-06 6.000E-07 0.0 

0.0 4.500E-06 6.000E-07 0.0 

0.0 4.500E-06 6.000E-07 0.0 

0.0 4.500E-06 6.000E-07 0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.500E-05 

3.500E-05 

3.500E-05 

3.500E-06 

3.500E-05 

4.000E-05 

4.000E-05 

4.000E-06 

3.0 0 0 E- 06 

3. UU 0 E-06 

3.0 0 0 E- 06 

3.000E-06 

3.0 00 E- 06 

2.00 0 E-06 

2 -00 0 6 0 6  

2.OOOE-06 

0 .o 

0 .0 

0 .o 

0 .o 

0.0 

0.0 

0.0 

0 - 0  

0.0 4,000E-05 2.OOOE-06 0.0 

0.0 4.000E-05 2.000E-06 0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.000E-05 

4.000E-05 

0.0 

0 .o 

0.0 

0.0 

0.0 

0.0 

L .000E-00 

2.000E- 06 

0.0 

0.0 

0.0 

0.0 

0.0 

u.O 

0 .o 

0 .o 

0.0 

0 -0 

0.0 

0.0 

0.0 

0.0 

T E S T E S  

0.0 

0.0 

c.0 

c.0 

c.0 

C.U 

c.0 

c.0 

c.0 

0.0 

0.0 

0.0 

0.0 

6.0 

0.0 

c.0 

C.O 

C.O 

0.0 

0.0 

G . O  

C . 0  

0.0 

c.0 

c.u 

C.O 

0.U 

O V A R I E S  LUNGS 

u. u 

u. u 

0.0 

0. u 

0.0 

u. u 

0. U 

0.0 

U. 0 

u. U 

0. u 

u. 0 

(r .O 

U.O 

0. 0 

0.0 

u. 0 
0.0 

0.0 

1i.0 

0.0 

c. 0 

c.0 

0.0 

0.0 

0.0 

c.0 

1.0 

11.0 

0.0 

0.0 

0.0 

0.0 

0.0 

G.0 

0.0 

C . 0  

c.0 

0.0 C.0 

(r. 0 C.O 

0.0 0.0 

u. 0 d.0 

r). 0 C . 0  

0.0 6.0 

0.0 0.0 

u.u c.0 

P 

U 
w 



ORGAN NAME 

NUCLIDE 

cf-252 

Cf-253 

Cf -254  

Ea-253 

Es-254M 

Ea-254 

Es-255 

Fm-254 

Fm-255 

Fm-256 

TOTAL BODY BOME 

3.000E-05 2.400E-05 

3.000E-05 

3.000E-05 

3.000E- 05 

3.000E-05 

3.000E-05 

3.000E- 05 

3 .OOOE-05  

3.000E-05 

3.000E-05 

2.4OoE-05 

2.400E-05 

2.400E-05 

2.400E-05 

2.400E-05 

2.400E-05 

2.400E-05 

2.400E-05 

2.400E-05 

MUSCLE 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 .0  

TABLE 4-1E (continued) 

T H Y R O I D  L I V E R  

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 . 0 .o 

0.0 0 .o 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

O V A R I E S  LUNGS T E S T E S  K I C N E Y S  SPLEEN 

0.0 

0.0 

0 .0  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 . 0 .  

0.0 

0.0 

0.0 

0 .o 

0 .o 

0 .o 

0.0 

0.0 

0 .o 

0 -0 

C . 0  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

6.0 

6.0 

c.0 

0 .0 

0.0 

0.0 

U. 0 

0.0 

0 .  0 

0.0 

0. u 

0.0 

0.0 

0.G 

G.0 

0.0 

0.0 

0.0 

C.0 

0.0 

c. 0 

C.0 

C.0 

P 

v 
P 



NUCLIDE 

H-3 
Be-7 
C-14 
F-18 
Na-22 
Na-24 
Si-31 
P-32 
s-35 
C1-36 
Cl-38 
K-42 
Ca-45 
Ca-47 
SC-46 
sc-47 
SC-48 
V-48 
cr-51 
~ n - 5 2  
Mn-54 
~ n - 5 6  
Fe-55 
Fe- 59 
C 0- 57 
C0-58M 
CO-58 
c0-6c 
Ni-59 
~ i - 6 3  
Ni-65 
cu-64 
zn-65 
zn-6gM 
zn-69 
Ga-72 
Ge-71 
AS-73 
AS-74 
As-76 

. As-77 
Se-75 
Br-80M 
Br-82 
Br-83 
B r - 8 4  
Rb-86 

Rb-88 

Sr-85M 

Rb-87 

Rb-89 

SOLI 
INHALATION 

0.0 
4 .  OOOOE - 06 
2 .  OOOOE - 05 
2.0000E-06 
7.0 OOOE - 0 7 
4. OOOOE -07 
2.OOOOE-06 
2.0000E-07 
1.0000E-05 
3.0 OOOE - 06 
1.0000E-07 
7 .  OOOOE - 07 
1. OOOOE - 06 
2.OOOOE-07 
8 .  OOOOE - 08 
2 .  OOOOE - 07 
6.0 OOOE - 08 
6.0000E- 08 
4.0 OOOE - 06 
7.0000E-08 
3. OOOOE - 07 
3.0000E- 07 
6.0000E- 06 
1.OOOOE-07 
1.0000E -06 
6.0 00 OE - 06 
3.0000E-07 
1.0000E-07 
6.0000E-06 
2.0000E-06 
3. OOOOE - 07 
7.0000E-07 
4.OOOoE-07 
2 .  OOOOE - 07 
4.0000E-06 
8.0000E-08 
4.OOOOE-06 
1. OOOOE - 06 
1.0 OOOE - 07 
4 OOOOE - 08 
2.0 OOOE - 07 
6 .  OOOOE -06 
5 .  OOOOE - 08 
6 .  OOOOE - 0 7 
0.0 
0.0 
1. OOOOE A 06 
8.0000E- 06 
1.0000E-06 
2.0000E-06 
1.  OOOOE - 05 

UBLE 
I NG E S T I  ON 

0.0 
2.0000E-02 
9.0000E-02 
8.0000E-03 
3.0000E-03 
2.0000E-03 
9.0000E-03 
9.0000E-04 
5.0000E-02 
1.0000E-02 
4.0000E-03 
3.0000E-03 
4.00OOE-03 
8.0000E-04 
4.0000E-04 
9.0000E-04 
3.0000E-04 
3.0000E-04 
2.0000E-02 
3.0000E-04 
1.0000E-03 
1.0000E-03 
3.0000E-02 
6.0000E-04 
5.0000E-03 
3.0000E-02 
1.0000E-03 
5.0000E-04 
3.0000E-02 
1.0000E-02 
1.0OOOE-03 
3.0000E-03 
2.0 0 OOE - 03 
7.0000E-04 
2.0000E-02 
4.0000E-04 
2.0000E-02 
5.0000E-03 
5.OOOOE-04 
2.0000E-04 
8.0000E-04 
3.0000E-02 
0.0 
3.0000E-03 
0.0 
0.0 
5.0000E-03 
3.0000E- 02  
4.0000E-03 
1.0000E-02 
7.0000E-0 2 

FOR SOLUBLE AND INSOLUBLE  MATERIAL^ 

INSOLU 8L E 
INHALATION I N G E S T  I ON 

0.0 
3.0000E-06 
4.OOOOE-07 
9.00 00E-07 
5.0000E-08 
5.0000E-08 
3.0000E-07 
4.0000E-08 
5.0000 E - 0  7 
1.0000E-07 
7.0000 E-0 7 
4.0000 E-08 
3.0000E-07 
6.0000E-08 
7.0000E-08 
2.00 00 E-07 
5 .0000E-08  
5.0000E-08 
3.0000E-06 
5.0000E-08 
2.0000E-07 
2.0000E-07 
4.0000E-06 
9.0000 E-08 
7.0000 E-07 
4.0000E-06 
2.0000E-07 
6.0000E-08 
3.0000E-06 
1.0000E-06 
2.0000E-07 
4.0000E-07 
3.0000E-07 
1.0000E-07 
3.0000E-06 
6.0000E-08 
3.0000E-06 
8.0000E-07 
9.00 0 0 E-08 
3.0000E-08 
1.0000E-07 
5.0000E-07 
0.0 
6.0000E-08 
0.0 
0.0 
4.0000E-08 
3.0000E-07 
8.0000 E-07 
2.0000E-06 
1.0000E-05 

0 .o 
2.0000 E-0 2 
2.0000E-03 
5.0000E-03 
3.0000E-04 
3.0000E-04 
2.0000E-03 
2.0000 E-04 
3 .OOOO E - 0  3 
6.0 000 E-0 4 
4.0000E-03 
2.OOOOE-04 
2.0000E-03 
3.0000E-04 
4.0000 E-04 
9.0000E-04 
3 .OOOO E-04 
3.0000E-04 
2.0000E-02 
3.0000E-04 
1.0000E-03 
1 .OOOU E-0 3 
2.0000E-02 
5 . 00 00 E -0 4 
4.0000 E-03 
2.0000E-02 
9.0000E-04 
3.0000 E-04 
2.0000E-02 
7.0000E-03 
1.0000E-03 
2.0000 E-03 
2.0000E-03 
6 .OOOUE-O4 
2.0000E-02 
4.0000E-04 
2.0000E-02 
5.00 OU E - O  3 
5.  OOOJ E - 0  4 
2.0000 E-0 4 
8.0000E-04 
3.0000 E-03 
0.0 
4.0000E-04 
0.0 
0 .o 
2.0000E-04 
2 0000 E-03 
4.0000E-03 
1.0000E-0 2 
7.0000E-02 

NdCL I D E  
Sr-85 
Sr-89 
Sr-go 
s r -91  
S r - 9  
Y-90 
Y-91M 
Y-91 
Y - 9  
y- 93 
zr-93 
zr-95 
Zr-97 
Nb - 93M 
m-95M 
Nb-95 
m-97 
Mo-99 
~ c - 9 6 ~  
Tc-96 
T C - m  
TC-97 
Tc-99M 
Tc-99 
RU-97 
RU-103 
RU-105 

~h-105 
pa-103 
pa-io9 
~ g - 1 0 5  

Ag-111  
03-109 
Cd-11y.I 
03-115 
In-113M 
In-114M 

Ru- 106 
Rh-lO3M 

Ag-11OM 

1n-115~  
1n-115 
sn-11.3 

sn-123 
sn-125 

Sn-llgM 

Sb-122 
Sb-124 
Sb-125 
Te-125M 
Te-127M 
Te-127 

TABLE 4-1F 
INREM DATA BASE 

MAXIMUM PERMISSIBLE CONCENTRATIONS I N  A I R  AND WATER 

SnLI 
INHALAT ION 

5.0 000E-07 
9 .) 0 0 OOE - 08 
1.0000E-07 
2.00 OOE - 07 
2.0000E-07 
4.0000E-08 
8.0000E-06 
6.0000E-08 
1.0000E-07 
6 .  OOOOE - 08 
2.0000E-06 
1.0 OOOE - 07 
4.0000E-08 
9.0 OOOE - 07 
1.6OOOE-07 
2.0000E-07 
2.  OOOOE - 06 
5.OOOOE-07 
3.0000E-05 
2.0000E-07 
8.0000E-07 
4.0000E-06 
1. OOOOE -05 
7.00 OOE- 07 
8.0000E-07 
2.0000E-07 
3.0000E-07 
3.  OOOOE -08 
3.0 OOOE - 05 
3.0000E-07 
8.0 OOOE - 0 7 
2.0000E-07 
2.0000E- 07 
7 .  OOOOE - 08 
1.0000E-07 
4.0000E-07 
6.0000E-08 
8.0000E-08 
3. OOOOE -06 
4.0000E-08 
8.  OOOOE - 07 
2.0 OOOE - 0 7 
1.3000E -06 
6.7 OOOE - 08 
2.0000E-07 
4.0000E-08 
6. OOOOZ -08 
5.0000E- 08 
2.0000E-07 
1.0 0 OOE - 07 
2.0000E-07 
6. OOOOE -07 

J B L E  
I N G E  S T I U N  

2.0000E-03 
4.0000E-04 
5.0000E-04 
7.0000E-04 
7.0000E-04 
2.0000E-04 
3.0000E-02 
3.0000E-04 
6.0000E-04 
3.0000E-04 
8.0000E-03 
6.0000E-0 4 
2.0000E-04 
4.0000E-03 
8.0000E-04 
1.0000E-03 
9.0000E-03 
2.0000E-03 
1.0000E-01 
1.0000E-03 
4.0000E-03 
2.0000E-02 
6.0000E-02 
3.0000E-03 
4.0000E-03 
8.0000E-04 
1.0000E-03 
1.0000E-04 
1.0000E-01 
1.OOOOE-03 
3.0000E-03 
9.0000E-04 
1.0000E-03 
3.0000E-04 
4.0000E-04 
2.0000E-03 
3.0000E-04 
3.0000E-04 
1.0000E-02 
2.0000E-04 
4.0000E-03 
9.0000E-04 
6.1000E-03 
3.0000E-04 
9.0000E-04 
2.0000E-04 
3.0000E-04 
2.0000E-04 
1.0000E-03 
2.0000E-03 
8.0000E-04 
3.0000E-03 

I hSOLU BLE 
Ii4riALATICh INGESTION 

3.0000E-07 2.0000E-03 
5.0000E-08 3.0000E-04 
6.0000E-08 4.0000E-04 
9.0000E-08 5.0000E-04 
1.0000E-07 6.0000E-04 
3.0000E-08 2.0000E-04 
6.0000E-06 3.0000E-02 
5.0000E-08 3.0000E-04 
1.00 00E-07 6 .OOOO E-04 
5.0000E-08 3.0000E-04 
1.0000E-06 8.0000E-03 
1.0000E-07 6.0000E-04 

7.0000E-07 4.OOOOE-03 
1.6000E-07 8.0000E-04 
2.0000E-07 1.0000E-03 
2.0000E-06 9.0000E-03 
7.0000E-08 4.0000E-04 
2.0000E-05 1.0000E-0 1 
8.0000E-08 5.0000E-04 

1.0000E-06 8.0000E-03 VI 
5.0000E-06 3.0000E-02 
3.0000E-07 2.0000E-03 
6.0000E-07 3.0000E-03 
1.0000E-07 8.0000E-04 
2.0000E-07 1.0000E-03 
2.0000E-08 1.0000E-04 
2.0000t -05  1.0000E-0 1 
2.00 00 E-0 7 1.0 0 00 E-0 3 
5.00 00 E-0 7 3.0000 E-O 3 
1.0000E-07 Z.0000E-04 
2.0000E-07 1.0000E-03 
5.0000E-08 3.0000E-04 
8.0000E-08 4.0000E-04 
3.0000E-07 2 .OOOO E-03 
4.0000E-08 3.0000E-04 
6.0000E-08 4.0000 € 4 4  
2.0000E-06 1.0000E-02 
3.0000E-08 2.0000E-04 
6.0000E-07 4.0000E-03 
2.0000E-07 9.0000E-04 
1.0000E-06 5.8000E-03 
5.1000E-08 2.9000E-04 
1.0000 E-07 8 .OOOO E-04 
3.0000E-08 2.0000E-04 
5.0000E-08 3.0000E-04 
4.0000 E-08 2.0000 E-04 
2.00 00 E-0 7 1.0000 E-03 
2.0000E-07 1.0000E-03 
9.0000E-08 5.0000E-04 
3.0000E-07 2.0000E-03 

3.0000E-08 2.0000E-04 

f 
3.0000E-07 2.0000E-03 v 

aZero entries mean "no data ."  



NuUlaE 

Te-UgM 
Te-129 
Te-13lM 
~ e - 1 3 2  
1-126 
1-129 

1-131 
I -132 
1-133 
I-1% 
1-135 
CS-131 
C S - l % M  
cs-19 
CS-135 
CS-136 
cs-137 
cs-138 
~ a - 1 3 1  
Ba-140 
La-140 
Ce-141 
Ce-143 
Ce-144 
Pr-142 
Pr-143 

1-130 

Nd-144 
Nd-147 
Nd-149 
Pm-147 

Pm-148 
Pm- 14 9 

pm-148~ 

Sm-147 
sm-151 
Sm-153 
EU-152~ 
EU-152 
Eu-154 
Eu-155 
Gd-153 
Gd-159 

Dy-165 
Dy- 166 

~ b - 1 6 0  

HO-166 
Er-169 
E r -  171 
Tm-170 
n-175 
Lu-177 

SnLUBLE 
INHALATION I N G E  STION 

7.0000E-08 
2.0000E-06 
1.0000E-07 
7.ooooE-08 
4.oOOOE-06 
9.OOOOE-06 
6.OOOOE-08 
2.0000E-06 
9.0000E-07 
1.OOOOE-06 
1.0000E-06 
1. OOOOE -06 
4. OOOOE - 05 
1. OOOOE -05 
1.0 OOOE - 06 
1 0 OOOE - 05 
2.0000E-06 
2 OOOoE - 06 
1 OOOOE -06 
4.0000E-07 
6.0000E-08 
5 .OOOOE-08  
2 0 OOOE - 0 7 
9.ooooE-08 
3.0000E-06 
7.0000E-08 
1.0000E-07 
2.0000E-07 
1.0000E-07 
6 OOOOE - 07 
5.0000E-07 
6.3OOoE-08 
4.2000E-08 
1 0000E-07 
2.0 OOOE -07 
8.OOOOE-07 
2.0000E-07 
1.0000E-07 
2.0000E-07 
5 0000E-08 
4.0000E-07 
5 OOOOE-07 
2 0000E- 07 
1 .0000E-07 
9.0000E-07 
8 . O O O o E - 0 8  
7.00 OOE -08 
2.OOOOE-07 
2.0000E-07 
1.0000E-07 
2.OOOoE-07 
2.OOOOE-07 

3.0000E-04 
8.0000E-03 
6.OO.OOE-04 
3.0000E-04 
2.0000E-02 
4.0000E-02 
3.0000E-04 
1.0000E-02 
4.0000E-03 
6.0000E-03 
6.0000E-03 
5.0000E-03 
2.0000E-01 
6.0000E-02 
5.0000E-03 
5.0000E-02 
8.0000E-03 
8.0000E-03 
4.0000E-03 
2.0000E-03 
3.0000E-04 
2.0000E-04 
9.0000E-04 
4.0000E-04 
1.0000E-04 
3.0000E-04 
5.0000E-04 
8.0000E-04 
6.0000E-0 4 
3.0000E-03 
2.0000E-03 
2.8000E-04 
1.9000E-04 
4.0000E-04 
7,WOOE-04 
4.0000E-03 
8.0000E-04 
6.0000E-04 
8.0000E-04 
2.0000E-04 
2.0000E-03 
2.0000E-03 
8.0000E-04 
4.0000E-04 
4.0000E-03 
4.0000E-04 
3.0000E-04 
9.0000E-04 
1.0000E-03 
5.0000E-04 
1.0000E-03 
1.0000E-03 

TABLE 4-1F (continued) 

I hSOL0BLE 
I iurIAL4 T I  C h  I N G E 5 T  I l J N  

4.0000 E-08 
1.0000E-06 
6.0000E-08 
4.0000E-08 
2.0000E-07 
4.0000E-07 
0.0 
1.0000E-07 
3.0000E-07 
7.0000E-08 
1.0000E-06 
1.0000E-07 
2.0000E-06 
2.0000E-U6 
7.0000E-08 
4.0000E-0 7 
1.OOOOE-07 
8 .  0000E-08 
8 , 0 0 0  0 E-0 7 
3.0000E-07 
4.0000E-08 
4.0000E-08 
2.0000E-07 
7.0000E-08 
2.OOOOE-08 
5.0000E-08 
9.0000E-08 
1.0000E-07 
1.0000E-07 
5.0000E-07 
4.0000E-07 
5.0000E-08 
3.4000E-08 
8.0000E-08 

7.0000E-07 
1.0000E-07 
1.0000E-07 
I .  0000E-07 
4.0000E-08 
4.0000 E-0 7 
4.00 00 E-07 
1.00 00E-07 
8.0000E-08 
7.0000E-07 
7.0000E-08 
6.0000E-08 
2.0000E-07 
2.0000E-07 
8.00006-08 
2.00 00E-07 
2.0000E-07 

A.OOOOE:07 

2.0000E-04 
8 - 0 0  00 E-0 3 
4.0500E-04 
2.0000 E-04 
9.00 00 E-0 4 
2.0000E-03 
3.0000E-04 
6.0000E-04 
2.0000 E-03 
4.0000 E-04 
6.000UE-03 
7.0000E-04 
9.0000 E-0 3 
1 .OOJO E - 0  2 
4.0000E-04 
2 .0000 E-03 
6.0OO0E-04 
4.OOOOE-04 
4.0000 € 4 3  
2.0000E-03 
2.0000E-04 
2.0000E-04 
9.0000E-04 
4.0000 E-04 
1 .OOOO E-04 
3.0OOUE-04 
5.0000E-04 
8.0003 E-04 
6.0000E-04 
3.0000E-03 
2 .OOOO E-03 
2 .8000 E-04 
1.9000E-04 
4.0000 E-04 
7.0000E-04 
4.0000E-03 
8 .OOOO E - 0  4 
6.0000 € 4 4  
8.0000E-04 
2 .OOOO E-04 
2.0000 E -03 
2 .OOOO E-0 3 

4.0000E-04 

4.0000E-04 
3.0000E-04 

1.0000E-03 
5.0000E-04 
1.0000E-03 
1.0000E-03 

t i  0000 E-04 

4.0000E-03 

9 0000 E - 0  4 

NlJCL 1 O F  

H f  - 181 

w-181 
w-185 
w-187 
w-188 
Re-183 
Re-186 
~ e - 1 8 7  
Re-188 
oS-1a5 
O S - 1 9 1 ~  
OS-191 

Ta-182 

OS-193 
Ir-190 
Ir-192 
Ir-194 
pt-191 
Pt-193M 
Pt-193 
pt-197M 
Pt-197 
Au-196 
Au-198 
Au-199 
Hg- 197M 
Hg-197 
Hg-203 
T1-200 
T1-201 
T1-202 
T1-204 
Pb-203 
Pb-ZWM 
Pb-210 
Pb-212 
~ i - 2 0 6  
Bi-207 
Bi-210 
Bi-212 
PO-210 
At-2U 
~ a - 2 2 3  
Ra-224 
Ra-226 
Ra-228 
Ac-227 

Th-227 
Th-228 
Th-230 
Th-231 

Ac-228 

2.0000E-07 
9.0 OOOE - 08 
8. OOOOE -07 
3.0000E-07 
2.0 00 OE - 0 7 
7.0000E-08 
1. OOOOE -06 
2.0000E-07 
6. OOOOE -06 
1 . 00 OOE - 07 
2.0 OOOE - 07 
6.000OE-06 
4.0000E-07 
1.  OOOOE -07 
4.0000E-07 
9 .  OOOOE -08 
8.0000E-08 
3.0000E-07 
2. OOOOE -06 
4.0000E-06 
2.OOOOE-06 
3.0000E- 07 
4.0000E-07 
1.0 OOOE - 07 
4.0000E-07 
4.OOOOE-08 
4.0 0 OOE - 06 
1.0000E-06 
9.0000E-07 
7. OOOOE - 07 
3.  OOOOE -07 
2.OOOOE-07 
9.0000E-07 
1.OOOOE-07 
4. OOOOE -07 
,1.0000E-06 
8 .  OOOOE -08 
1 -0000E-07 
9.0000E-08 
8 .  OOOOE - 07 
7.0000E-08 
2. OOOOE - 06 
1.ooooE-08 
2. OOOOE - 08 
1.OOOOE-07 
8.  OOOOE -08 
7.0 0 OOE - 07 
2.0000E-07 
4.OOOOE-08 
3. OOOOE - 08 
7.0000E-08 
5.0 OOOE - 07 

7.0000E-04 
4.OOOOE-04 
4.0000E-03 
1.0000E-03 
7.0000E-04 
3.0000E-04 
6.0000E-03 
9.0000E-04 
3.0000E-02 
6.0000E-04 
7.0000E-04 
3.0000E-02 
2.000r)E-03 
6.0000E-04 
2.0000E-03 
4.0000E-04 
3.0000E-04 
1. OOOOE -0 3 
1.0000E-02 
2.0000E-02 
1.0000E-02 
1.0000E-03 
2.0000E-03 
5.0000E-0 4 
2.0000E-03 
2.0000E-04 
2.0000E-02 
4.0000E-03 
4.0000E-03 
3.0000E-03 
1. 0000E-03 
1.0000E-03 
4.0000E-03 
4.0000E-04 
2.0000E-03 
7.0000E-03 
4.0000E-04 
6.0000E-04 
4.0000E-04 
4.0000E-03 
3.0000E-04 
7.0000E-03 
6.0000E-05 
7.0000E-05 
5.0000E-04 
4.0000E-04 
3.0000E-03 
9.0000E-04 
2.0000E-04 
1.0000E-04 
3.0000E-04 
2.0000E-03 

1.0000E-07 
7.00 00 E-08 
6.00 0 0 E-0 7 
2.0000E-07 
1.0000 E-0 7 
5.0000E-08 
5.0000E-07 
8.0000E-08 
2.0000E-06 
6.0000E-08 
1.0000E-07 
4.00UOE-06 
3.0000E-07 
9.0000E-08 
3.0000E-07 
6.0000E-08 

2.OJOOE-07 
2.0000E-06 
3.0000E-06 
2.OI)OOE-Ob 
2.0000E-07 
3.0000E-07 

3.0000E-07 
3.00 00 E-08 
9.0000E-07 
2.0000E-07 
4.0000E-07 
3.0000E-07 
1.0000E-07 
1.  0000E-07 
6.0000E-07 
8.0000E-08 
3.0000E-07 
3.0000E-07 
7.00 00 E-08 
1.00aoE-07 
7.0000E-08 
6.0000 E-07 
5.0000E-08 
1.0000E-07 
7.0000E-09 
9.00 00 E-09 
6.0000E-08 
4.0000E-08 
5.0000 E-0 7 
2.0000E-07 
3.0000 E-08 
2.0000E-08 
6.0000E-08 
4.0000E-07 

~ . O O O I I E - ~ ~  

8.ouooE-08 

7.00OOE-04 
4- 0000 E-04 
3.0000 E-0 3 
1.0000E-03 
6.0000 E-0 4 
3.000OE-04 
3.0000 E-03 
5-00 00 E-0 4 
2.0uooi-02 
3.0000 E-0 4 
7.00 00 E-0 4 
2.00JOE-02 
2.0000 E-03 
5.00 00 E-0 4 
2 .OOUU E-U3 
4.0000E-04 
3.0000E-0 4 
1.0000 E-0 3 
1.0000E-02 
2.0000E-02 
9.0000E-03 
1.0 000 E - 0  3 
1.0000E-03 
5.0000E-04 
2.0000 E-03 
2.0000E-04 
5 0000 E-0 3 
1.0000E-03 
2.0000 E-03 
2.0000 E-03 
7.0000E-04 
6.0000E-04 
4.0000 E-0 3 
4.0000E-04 
2.000OE-03 
2.0000E-03 
r.0000E-04 
6.0000E-04 
4.0000 E-0 4 
4.0000 E-03 
3.0000E-04 
7.0000E-04 
4.0000E-05 
5 .OOUOE-05 
3.0000E-04 
3 .OOOO E-04 
3 .000I)E-O3 
9.0U00E-04 
2.0000E-04 
1 . O U W  E-04 
3.0000E-04 
2.0000 E -0 3 

P 

v 
0-3 



TABLE 4-1F (continued) 

N U C L I D E  

~h-232 

pa-230 
pa-231 

Th-234 

Pa-233 
Pa-234 
U-230 
U-232 
U-233, 
u-234 
U-235 
U-236 
U-237 
U-238 
NP-237 
NP-239 
FU-236 
FU-238 

Pu-240 
FU-241 

FU-243 
Pu-244 
Am-241 

Am-242 
Am-243 
Am-244 

Pu-239 

Pu-242 

Am-242M 

Cm-242 
Cm-243 
Cm-244 
Cm-245 
Cm-246 
Cm-247 
Cm-248 
Cm-249 
Bk-249 
Bk-250 
Cf-249 

Cf-251 

Cf-253 
Cf-254 
Es-253 
Es-254M 

cf-250 

CP-252 

Es-254 
Es-255 
Fm-2% 
Fm-255 
Fm-256 

SOL I 
I N H A L A T  I J N  

8.0000E-08 
4.0000E-08 
5.0 0 OOE - 07 
6.0000E-08 
3.000 OE - 07 
0.0 
1.  OOOOE - 08 
6.OOOOE-08 
7.00 OOE - 08 
7.00OOE-08 
6. OOOOE -08 
7. OOOOE - 0 8  
0.0 
8.000oi-08 
7.  OOOOE - 08 
3.0 OOOE - 0 7 
0.0 
6.0000E-08 
6.0000E-08 
6.OOOOE-08 
3.0000E-06 
7.0000E-08 
6. OOOOE - 0 7 
2 .  OOOOE - 08 
6.0000E-08 
2.0000E-07 
3.0 OOOE - 07 
6.0 OOOE - 08 
1. OOOOE - 05 
5. OOOOE -08 
5.0000E-08 
6.OOOOE-08 
6 .  OOOOE -08 
6.000M-08 
5.0000E-08 
3.  OOOOE - 09 
5.0000E-06 
1.0000E-06 
5.0000E-07 
5.0000E-08 
6.0 OOOE - 08 
6.  OOOOE -08 
2 .  OOOOE -08 
3 -0 OOOE - 07 
3.0000E- 10 
5.0 0 OOE-08 
4.0000E-08 
3.0 OOOE - 08 
6.00005-08 
3.0000E-07 
7.0000E-08 
2 . 0  OOOE - 09 

unLE 
I N G t  S T I U I J  

4.0000E-04 
2.0000E-04 
2.0000E-03 
3.0000E-04 
1.0000E-03 
0.0 
5.0000E-0 5 
3.0000E-04 
3.0000E-04 
3.0000E-04 
3.0000E-04 
3.0000E-04 
0.0 
4.0000E-04 
3.0000E-04 
1.0000E-03 
0.0 
3.0000E-04 
3.0000E-04 
3.0000E-04 
1.0000E-02 
3.0000E-04 
3.0000E-03 
1.0000E-04 
3.0000E-04 
9.0000E-04 
1.0000E-03 
3.0000E-04 
5.00 OOE-02 
2.0000E-04 
2.0000E-04 
3.0000E-04 
3.0000E-04 
3.0000E-04 
2.0000E-04 
1.0000E-0 5 
2.0000E-02 
6.0000E-03 
2.0000E-03 
2 . 0  OOOE -0 4 
3.0000E-04 
3.0000E-04 
7.0000E-05 
1.0000E-03 
1.0000E-06 
2.0000E-04 
2.0000E-04 
1.0000E-04 
3.0000E-04 
1.0000E-03 
3.0000E-04 
9.0000E-06 

I hSCL 
I i W A L A T I C L  

7.0000E-08 
3.0000E-08 
4.0000E-07 
5.00 00E-08 
2.0000E-07 
0.0 
8.0000E-09 
5.00 00 E-08 
6.0000E-08 
6.0000E-08 
5.00COE-08 
6.0000E-08 
0.0 
6.0000 E-08 
5.0000E-08 
2 - 0 0  00 E-0 7 
0.0 
5.0000E-08 
5.0000E-08 
5.0000E-08 
2.0000E-06 
5.0000E-08 
8.0000E-07 
2.0000E-08 
5.0000E-08 
2.0000E-07 
2.0000E-07 
5.0000E-08 
8.0000E-06 
4.0000E-08 
4.0000E-08 
5.00 00 E-08 
5.00 00 E-08 
5.0000E-08 
4 .'OOOO E-08 
2.0000E-09 
4.0000E-06 
1.0000E-06 
4.0000 E-0 7 
4.0000E-08 
4.0000E-08 
5.00 00E-08 
1.0000E-08 
3.0000 E-0 7 
2.0000E-10 
4.00 00 E-08 
3.0000E-08 
3.0000E-08 
5.0000E-08 
2.0000E-07 
6.0000E-08 
2.0000E-09 

. U B L E  
I N G E S T  I O N  

4.000OE-04 
2.0000E-04 
2.0000E-03 
3.0000 E-0 4 
1.0000E-03 
0.0 
5.0000E-0 5 
3.0000E-04 
3.0000 E-04 
3.0000 E-04 
3.0000E-04 
3.0000E-04 
0.0 
4.0000E-04 
3.0000E-04 
1.0000E-03 
0.0 
3.0000E-04 
3.0000 E -04 
3.0000E-04 
1 .oooo E-02 
3 .OOOO E-04 
3.0000E-03 
1 .OOOO E-04 
3.0000E-04 
9-00 00 E -0 4 
1.0000 E-03 
3.0000E-04 
5.0000E-02 
2.0000E-04 
2.0000E-04 
3.0 000 E-04 
3.0000E-04 
3.0 000 E-04 
2.0000E-04 
1.0 0 00 E-0 5 
2.0000E-02 
6.000OE-03 
2.0030E-03 
2.0000E-04 
3.0000E-04 
3.0000E-04 
7.0000E-05 

1 .0000 E-O 6 
2.0000E-04 
2.0000 E-04 
1.0000 E-04 
3.0000E-04 
1 .OOOO E-0 3 
3.0000E-04 
9.0000E-06 

1 00 00 E-0 3 



TABLE 4-2 INREM DOSE ESTIMATES FOR I N H A L A T I O N  OF A U N I T  (1 u C i )  OF EACH RADIONUCLIDE 

OCSE COHMITCEM (REMS) FROM INHALATION O f  HADIONUCLlDtS 

NUMBER OF THE REFERENCE EVENT = 1 

TIME AFTER EVENT YHEN INTAKE BEGINS = 0.0 YEARS. 
AGE OF THE INDIVIDUAL A T  TIME OF EVENT = 21.000 YEARS. 

TIME AFTER EVENT WEN INTAKE €NOS = 0.003 YEARS. 
DURATION OF THE INTAKE PERIOD 0.003 YEARS. 

TIME AFTER EVENT WEN OOSE INTEGRATION ENDS = 50.000 YEARS. 
DURATION OF OOSE INTEGRATION = 50.000 YEARS. 

TIME AFTER EVENT WEN OOSE INTEGRATION BEGINS = 0.0 YEARS. 

NO. NUCLI.DE 
1 H-3* 
2 BE-7 
3 C-14 
4 F-18 
5 NA-22 
6 NA-24 

8 P-32 
9 5-35 

10 CL-36 
11 CL-38 
12 K-42 
13 CA-45 
1 4  CA-47 
15 SC-46 
16 SC-47 
17 SC-48 
18 V-48 
19 CR-51 
20 MN-52 
21 MN-54 
22 MN-56 
23 FE-55 
24 FE-59 
25 CO-57 
26- C0-58M 
2 1  CO-58 
28 CO-60 
29 N I - 5 9  
30 M I - 6 3  
31 N I - 6 5  
32 CU-64 
33 ZN-65 
3 4  ZN-69M 
35 ZN-69 
36 GA-72 
37 GE-71 
38 AS-73 

r SI-31 

TOTAL BODY 
1.077E-04 
3.756E-04 

5.451E-05 

1.272E-03 

6.144E-03 
1.948E-03 
5.921E-03 

6.533E-04 
8.023E-03 

7. *86E-03 
2.l lOE-04 

6.000E-03 
1.741E-04 
2.770E-03 
2.595E-03 
6.565E-05 
9.453E-04 

4.24OE-04 

1.382E - 02 

4.621E-05 

4.696E-05 

3.950E - 03 

9.789E-04 

1.086E-02 
3.468E-04 

2.146E-03 
5.968E-03 
2.151E-03 

1.534E-05 

5.734E-03 
6.450E-05 
5.410E-05 
1.950E-02 
1.166E-04 

2.544E-04 
4.184E-06 

2.504E-06 
1.035E-03 

BONE 
NO DATA 
3.41 7E-04 
2.262E-03 
4.573E-04 
NO DATA 
NO DATA 
NO OPTA 
1.653E-01 
4.462E-03 
NO DATA 
NO DATA 

3.64 7E-01 
6.66 E - 0 2  

NO DATA 

1.13 1E-02 
1 4 4  4E-03 

7.23 7E-03 
1.42 4E-03 

NO DATA 
NO DATA 
NO DATA 
NO OPTA 
1.35 BE-03 
NO DATA 
NO DATA 
NO OPTA 
NO OATA 
NO DATA 

1.794E-01 

NO DATA 

1.29 OE-02 

1.22 1E-03 

8.11 OE-04 
5 73 9E-0 4 
3.223E-05 
1.143E-03 
NO DATA 
NO DATA 

MUSCLE 
NO DATA 
NO DATA 
NO DATA 
NO OATA 
NO DATA 
NO DATA 
NO DATA 
NO OATA 
NO OATA 
NO OATA 
NO OATA 
9.960 E-0 4 
NO DATA 
NO OATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO OATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO OATA 
NO C A T A  
NO DATA 
NO OATA 
NO OATA 
NG DATA 
NO OATA 
NO OATA 
1.534E-02, 
8.162 E-05 
2.929 E-06 
NO DATA 
NO DATA 
NO DATA 

THYROIO 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO OATA 
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO OPTA 
NO DATA 
1.803E-0 
NO D A T A  
NO OATA 
NO DATA 
NO OATA 
NO OATA 
NO OATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO OATA 
NO OATA 
NO O A T A  
NO DATA 
NO DATA 
NO DATA 
NO O A T A  
NO D A T A  

*One o r  more parameters taken from a source o the r  than I C R P  Pub l i ca t i on  2. 

LIVER 
NO DATA 
7.760E-04 
NO OATA 
NO DATA 
NO DATA 
NO OATA 
NO DATA 

NO DATA 
NO DATA 
NO DATA 
5.044E-04 
NO DATA 
NO DATA 
2.759E-02 
1.123E-03 

1.017E-02 

1.304E-02 
1.596E-02 
4.31%-04 
4.125E-03 
3.020E-02 
4.204E-04 
1.882E-05 
2.100E-03 
5.898E-03 
4.9 79E- 03 
1.3,36E-02 
1.707E-04 
1.302E-04 
4.695E-02 

6 -3 17E-05 
1.583E-03 
9.916E- 06 
9.474E-04 

9 5 19E-0 3 

3.225E-03 

4 NO DATA 

1.375E-03 

KIONEYS 
NO DATA 
0.135E-04 
NO DATA 
NU D A T A  
NO DATA 
NO DATA ' 

NO DATA 
NO DATA 
NO D A T A  

NU D A T A  
NO D A T A  
NO OATA 
NO DATA 
2.443E-02 
0 - 062E-04 
1.869E-03 
2.257E-02 
5.303E-05 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
8.09 E-05 
3.471E3l6 
3.612E-04 
1.040E-03 
NO DATA 
NO DATA 
NU DATA 
4.236E-04 
2.999E-02 
7.99 2E-04 
3.90%-05 
5.979E-04 

NO DATA 

1.17K-0+ 
1 59 1E-03 

SPLEEN 
NO OATA 
1.4joE-04 
NO OATA 
NO DATA 
NO DATA 
NO UATA 
NL) OATA 
NU DATA 
NU OATA 
NU OATA 
NO DATA 
1.143E-u3 
NU UATA 
NO OATA 
NO D A T A  
NU O A T A  
NO OATA 
1.L1tlE-fJZ 
N OATA 
NO U A T A  
Nil OATA 
NU UATA 
7.393k-03, 
4. 176E-UL 
1.133E-04 
4. &9E-06 
5. J56E-U4 
1.430E-03 
NO OATA 
NO O A T A  
NU DATA 
A. 047E-03 
NO DATA 
NU DATA 
NO D A T A  
5.671E-04 
NU D A T A  
NO O A T A  

NU TESTES D A T A  

NO D A T A  
NO D A T P  
NO D A T A  
NO D A T A  
NO D A T A  
4.043E-05 
NO Q A T &  

NLl O A T A  
NO U A T A  
NO U A T A  
NO O A T P  
NO D A T A  
NU U A T P  
NO D A T A  
NO D A T A  
NU D A I A  
NU D A T A  
NO O A T A  
NU D A T P  
NU D A T A  
NO U A T A  
NO O A T A  
NO D A T A  
NU D A T A  
NU D A T A  
NU O A T A  
NO U A T P  
NO O P T A  
NO D A T A  
NO U A T A  
3.546E-03 
1.L34E-U4 
6.59CE-06 
NO D A T A  
NO D A T A  
NO D A I A  

7. 6n 2 ~ - 0 3  

C V A K I E S  
kO U P Z P  
NU U A l P  
hO D P U  
hU Ob14 
NO DPLP 
NO D P L P  

AU D b l b  
hU U P 1 4  
hU U P I P  
hO U b l A  
NU U P Z P  
NU D P J P  
hO U P I P  
hU U A Z P  
hD UPZP 
NO U A L b  
hO UA1.P 
AO O A 3 P  
NU D A l b  
hO O A a b  
hU D b T b  
NO U P I P  
NO U P I P  
hU O P T P  
k 0  D P Z P  
1\10 O b 3 0  
kU D P J P  
hli U A I A  
kb # P I P  
hU O P l C  
NU D b l b  
4.950€-03 
L.742€-UC 
1.4b 4 € 7 4  3 
NU D P l A  
AD D A Z A  
hO U A U  

2.17 t~ 

f 
U 
03 



TABLE 4-2 (continued) 

NO. NUCLIDE 
39 AS-74 
40 AS-16 
4 1  AS-77 
42 SE-75 
43 8R-80M+ 
4 4  8R-82 
45 8R-83* 
46 8R-84* 

. 4 1  R8-86 
48 R8-87 
49 R8-88* 
50 R8-89* 
5 1  SR-85H 
52 SR-85 
53 SR-89 
5 4  SR-909 
55 SR-91 
56 SR-92 
57 Y-90 
58 Y-91M 
59 v - 9 1  
6 0  Y-92 
61 Y-93 
62 ZR-93 
63 ZR-95 
64  ZR-97 
65 N8-93M 
66 N8-95M+ 
6 1  Ne-95 
68  NB-97 
69  HO-99 
7 0  TC-96M 
7 1  TC-96 
12 T C - 9 l M  
73 TC-91 
74 TC-99M 
75 TC-99 
76 RU-97 
71 RU-103 
18 RU-105 
79 RU-106 
80 RH-103M 
81 RH-105 
82 P O - 1 0 3  
83 PD-109 
84 A G - 1 0 5  
85 A G - L l O M  
86 A G - 1 1 1  
87 CD-109 
88 CD-1134 
89 CD-115 
90 IN-113U 
9 1  IN-11-34 

TOTAL BODY 
2.612E - 03 
4.042E-04 
I. O86E-04 
1.480E-03 
1.034E-04 
1.837E-03 
2.954E-05 
4.008E-05 
7.256E - 03 
3.180i-03 
2.618E-05 
3.421E-06 
8.619E-06 
8.942E-03 
1.159E-02 
2.217E-01 
3.518E-04 
1.198E-04 
6.243E-04 
8.520E-06 
8.957E-03 
6.282E-05 
1.869E-04 
2. 591E-03 
1.598E-02 
3.903E-04 
6.266E-03 
1 320E-03 
4.472E-03 
1.161E-05 
6.615E-04 
5.654E- 06 
5.863E-04 
4.664E-05 
1.047E-05 
8.376E-06 
4.921E-05 
8.481E-05 
7.712E-04 
6.445E -05 
2.850E-03 
7.659E-07 
9.748E-05 
9.147E-05 
7.849E-05 
7.546E - 0 4  
2.268E-03 
3.267E-04 
4.031E-03 
5.588E-03 
4.089E-04 
5.54lE-06 
6.094E-03 

BONE 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
k 0  DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
1.724E-05 
1.729E-02 

1.108E 01  
7.27 CE-03 
2.50 CE-03 
2.346E-02 
2 - 0 0  9E-04 
3.346E-01 
2.05 9E-03 
5.43 1E-03 
9.423E-02 
6.16 7E-02 
4.148E-03 
9.88 BE-02 
1.56 6E-03 
1.309E-02 
1.282E-04 
NO D A T A  
1.47 OE-07 
1.35 6E-05 

4.97 3E-06 
5.23 5E-08 
1.23 OE-04 
6.533E-05 
1.55 8E-03 
1.393E-04 
2.042E-02 
1.51 ZE-06 
2.16 5E-04 
NO D A T A  
NO D A T A  
3.702E-04 
4.042E-03 
1.47 OE-03 
NO DATA 
NO D A T A  
NO D A T A  
2.079E-05 
4.900E-02 

4.13 7E-01 

7.740~-05 

MUSC.LE 
NO DATA 
NO CATA 
hO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
8.780E-03 
5.98OE-03 
NO OATA 
NO OATA 
NO DATA 
NO OATA 
kO DATA 
NO DATA 
NO DATA 
NO CATA 
NO OATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO CATA 
NC DATA 
NO DATA 
NO DATA 
NO CATA 
NO DATA 
h0 DATA 
NO DATA 
NO DATA 
NO OATA 
NO DATA 
NO DATA 
NG DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO CATA 
NO CATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 

THYROI  0 
NO D A T A  
NO DATA 
NO D A T A  
NO D A T A  
NO DATA 
NU OATA 
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO OATA 
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NO D A T A  
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NO OATA 
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO OATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO OATA 
4.28 OE-Ob 
2.+27E-03 

LIVER 
2-228E-03 
4.1 73E-0 4 

4.053E-03 
1.324E-04 

NO D A T A  
NO DATA 
NO DATA 
NO DATA 
1.63YE-02 
9 7 l8E-03 
NO D A T A  
NO DATA 
NO D A T A  
NO DATA 
NO OATA 
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO OATA 
NO D A T A  
No DATA 
6.010E-03 
2.605E-02 

2.254E-02 
1.029E-03 

2 8 1 4E-0 5 
9.503E-03 
1 3'3 7E-0 6 

1 -339E-04 

9.795E-04 

7. b32E-03 

1.573E-04 

3.88OE-05 
5.658E-07 

NO DATA 
NO D A T A  
NU NO DATA DATA 

1.26 A€-06 

A.824E-04 

1.605E-04 
1 333 E- 0 4 
2.988E-04 

3.960E-03 
6.30 7E-04 
1.147E-01 

1.059E-03 

1 749 E- 0 1 
1.045E-02 
2.644E-05 
4 2 1 5 E -  0 2 

KIDNEYS 
3.813E-03 
7.98 1E-C4 
2.533E-04 
5.33GE-03 
NO D A T A  
NO DATA 
NO U A T A  
NO D A T A  
NO D A T A  
NU DATA 
NO D A T A  
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
Nil D A T A  
NO D A T A  
NO D A T A  
NU DATA 
NO DATA 
NO DATA 
NU DATA 
2.419E-02 

1.301E-03 
2.571E-02 
1.139E- D3 
E). 184E-03 
3.738E-05 

1.134lE-03 

3 31 5 t - O L  

8-420E-03 

2.009E-03 
1.759E-03 
4.88 t ~ - 0 4  
7.540E-U6 

1.223E-03 
6.450E- 03 
l.847E-03 

5 01 3E - U6 

4.E10E-03 
1.724E-03 

2 -296E-03 

3.536E-02 

6.684E-04 

2.150E-03 
7.94OE-03 

1.101E-01 
A 416E-01 
7.5L4.E-03 
3.308E-05 
be 134E-02 

A. 008E-03 

SPLEEN 
NO U A T A  
Nd OATA 
NO UATA 
1.970E-03 
Nd J A T A  
NO OATA 
NU OATA 
NU OATA 

5.93bk-Uj 
No OATA 
NO OATA 
NJ OATA 
Nu J A T A  
NU J A T A  
Nu O A T A  
luo DATA 
NO UATA 
NO OAT* 
NU DATA 
NU DATA 
M UATA 
NU 0 A T A  
1.43Ak-UL 

7. dOa€-04 
i.rr07E-OL 
&.dlY€-O4 
6 . ~ 0 0 € - 0 5  
2.9*0k-u> 
NO OATA 
NU OATA 
NO U T A  
NO d A T A  
NU UATA 
NO OATA 
NO J A T A  
NO J A T A  
NO OATA 
NU OATA 
NO UATA 
3.5d9E-Ub 
4.0 14E- 04 
0.342k-04 
3 * * Z O € - U 4  
NU DATA 
Nd OATA 
NO OATA 
NU DATA 
NU OATn 
NU OATA 
3.3dt)E-0> 
5- 435E- U2 

i. L i it-& 

1.~119t-OL 

T E S T E S  
NO D A T A  
NO D A T P  
NO U A T A  
NO OATA 
NO U P T A  
NO uATA 
NU D A T A  
NO DPTP 
NO U A I A  
NO D A T A  
IYU U A T A  
NO # P I A  
NO D A T A  
NO D A T P  
NO U A T A  
NO O A T 0  
NU D A T A  
NO O P T P  
NO 0111 
NU OPTA 
NO D A T P  
NO DPTP 
NU DATA 
NO U Q T A  
NO O P T 4  
NU D A T A  
NO D A T A  
NU D P T A  
NO DPTP 
NO O A T S  
NO U A T P  
NO U A T A  
NO OATP 
NO D A T P  
NO D P T A  
NO # A T P  
NO U P T A  
NO OATP 
NO DPTA 
NU DPTA 
NO O P I P  
NO DPTP 
NU D A T A  
NO DPTP 
NO U A T A  
NU D A T A  
NU OATA 
Nu U A I P  
NU D A T A  
NO U A T A  
NU D P T P  
NU U P T A  
NO U A T A  

CVAH 1 E S 
kU D P Z P  
hli U P J P  
hO uPL4 
h~ D P I P  
Nu U P U  
hi2 D A X P  
hlr U A L P  
h0 I r P T d  
h0 ubZP 
hO U b l A  
hlr D P I P  
NO U P U  
kO UPJ>b 
hU D P I P  

hO U b I I  
hlr O P T P  
hO 01111 
hcj D b I A  
hlr O A I P  
hO OP3P 
hll UP111 
kb D A l P  
k0 U P Z B  
hU U P 3 1  
NO D P I P  
kO D b J f  
hC U P T P  
hO (IAEP 
hO 0 P I b  

o P r o  
k 0  U b Z P  
hU UATB 
hb U b 3 P  
hlr l i A 1 . b  
hU D P X P  
hU D A L P  
NU l ib1.b 
hO U P L A  
hU 0414 
hO U b l C  
NU U P J P  
hU O b l P  
kD U b l P  
kU U A l L  
hb D P Z D  
hb D P Z P  

NU D b J P  
hO l i A Z P  
kU D b l l  
hb 0 e z c  
hU U P J A  

hu m a p  

NO U P L L  

*One or more parameters taken from a source other than ICRP Publication 2. 



TABLE 4-2 (continued) 

NO. N U C L I D E  
92 IN-115H 
93 I N - 1 1 5  
94 SN-113 
95 SN-119M0 
96 SN-1230 
97 SN-125 
98 58-122 
99 58-124 

100 56-125 
101 TE-12% 
102 TE-127M 
103 TE-127 
104 TE-129M 
105 TE-129 
106 T E - 1 3 l M  
107 TE-132 
108 1-1268 
109 1-1290 
110 1-1300 
111 1-1310 
112 1-1320 
113 1-1330 
114 1-1340 
115 1-1350 
116 C S - 1 3 1  
117 C S - 1 3 4 n  
118 CS-134 
119 C S - 1 3 5  
120 CS-136 
121 CS-137 
122 CS-1380 
123 EA-131 
124 EA-140 
125 L A - 1 4 0  
126 CE-141 
127 CE-143 
128 CE-144 
129 PR-142 
130 PR-143 
1 3 1  ND-144 
1 3 2  ND-147 
133 N D - 1 4 9  
134 PM-147 
135 PM-148M0 
136 PM-1480 
137 PM-149 
138 94-147 
139 94-151 
140 SM-153 
141 EU-152M 
142 EU-152 
143 EU-154 
144 EU-155 

TOTAL BODY 
1.293E-05 
2.136E-03 
2.533E-03 
5.490E-04 
4.162E-03 
2.067E-03 

1.040E-02 
3.664E-03 
7.161E-04 

6.027E-04 

1.655E-03 
3.628E-05 
4.376E -03 
1.989E-05 

1.965E-03 
2.185E-03 
6.989E-03 
6.592E-04 
2.626E - 03 
1.295E-04 
5.739E-04 
4.24OE-05 
2.858E-04 
1.993E-04 

5.615E-02 
3.628E-03 
5.61 5E -03 

4.660E-05 
1.092E-03 
7.21 5E-03 
8.355E-04 
1.649E-03 

6.499E-02 
1.780E-04 
1.131E-03 
3.434E 00  
1.162E-03 
2.390E-05 
6.917E-03 
1.520E-02 
1.498E-03 
3.llOE-04 
3.949E 00 
7.091E-03 
1.531E-04 
8.753E-05 
9.657E-02 

7.321E-04 

1.940E-05 

3.243E-02 

3.377E-04 

1.946E-01 
1.315E-02 

BONE 
5.88 8E-05 
2.02 9E-02 
3.1 O7E-02 
1.555E-03 
1.209E-01 
3.49 8E-02 
2.290E-03 
2.74 5E-02 
1.75 3E-02 
3.631E-03 
1.228E-02 
1.666E-04 
1.82 3E-02 
5.083E-05 
1.11 1E-03 
3.20 CE-03 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
4.966E-05 
2.00 LE-05 
3.73 2E-02 
1.45 LE-02 
2.691E-03 
6- 06 8E-02 
NO DATA 
2.144E-03 

4.74 9E-03 
8.940E-02 

1.9726-02 
3.96 SE-03 
1.202E 00  
3.267E-03 
2.278E-02 
1.413E 02 
1.478E-02 
3.676E-04 
1.88 CE-01 
4.99 8E-02 
1.825E-02 
3.93 9E-03 
1.625E 02 
1.76 6E-01 
2.032E-03 

4.82 1E-01 
3.033E 00 
1.158E-01 

1 03 8E-03 

MUSCLE 
NO DATA 
NO DATA 
NO OATA 
NO DIITA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NU DATA 
NO DATA 
NG DATA 
NO DATA 
NO DATA 
NC OATA 
NO DATA 
NC OATA 
NO DATA 
NO DATA 
NO D A f A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
1.9 77 E-04 
2.477E-05 
9.674E-02 
6.772E-03 

5.967 E-02 
NO DATA 

5.923E-05 
NO DATA 
NO DATA 
A 0  DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
kO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NG DATA 
lFt0 DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 

5 669 E-03 

8.a61~-06 

THYROID 
l.ll4E-05 
5.L33E-04 
7.059E-04 
9.524E-05 
2.396E-03 
8.016E-04 
2.767E-05 
6.350E-05 
1.042E-05 
1.195E-03 
3.46 7 E-03 
1.237E-04 
6.723E-03 

1.057E-03 
2.473E-03 

5.7313 00 
2.127E-0 1 
l.444E 00 
5.30 9 E-0 2 
3.923E-0 1 
2 -468 E-02 

NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NO D A T A  
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NU DATA 
NO D A T A  
NO DATA 

4 -26 l E-05 

1 . 5 7 8 ~  00 

1 -223E-0 1 

*One o r  more parameters taken from a source other than ICRP Publication 2. 

L I V E R  
6.553E-05 
1.700E-02 
1.194E-03 
2.505E-04 
Z.LI1PE-03 
9.531E-04 
3.755E-05 
4.56 LE-06 
1.785E-04 
2.414E-03 
6.346E- 03 

1.145E-02 
3 -2 l0E-05 
1.004E-03 
2.75lE-03 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
4.656E-04 
4.203E-0 5 
9.952 E- 0 2 
1. Z8OE-OL 
8.601 E- 0 3 
7.866E- 02 
NO DATA 
1.601E-05 
1.293E-04 
3.18 7E- 03 
1.350E-02 
2.902E-03 
4.910E-01 
1.393-03 
9.105E-03 
1.468E 01. 
1 793E-02 
4.6056-04 
2.279E-02 
2.588E-02 
3.967E-03 
8.346E-04 
1.669E 01 

1.957E-03 
6 -9 79E-04 
1.058E-0 1 
2.7 5 8E- 0 1 
2.580E-02 

8.0 7 LE-05 

3 -03lE-0 2 

K I O N E Y S  
6.81 9E- 05 
2.49LE-02 
NU DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
L.052E-OL 
5.394E- 02 
6.860E-04 
9.147E-OL 
2.242E-04 
7.124E-03 
2.O40E-02 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO OATA 
NO DATA 
NU DATA 
NO DATA 
3.078E-04 

3.371E-02 
5.079E-03 
3.314E-03 
2.04 7E-02 
NO DATA 
4.o93E-06 
4.186E-05 
NO DATA 
6.596E-03 
1.33 2E- 03 
3.033E-01 
7.515E-04 
5 L 7 7E- 03 
3.205E 01 

1.967E-04 
3.22&E-02 
2. S43E-OL 
5.359E-u3 
1.129E-03 
1.843E 01 
3.309E-02 
5.555E-C4 
4.943E-04 
5.153E-01 
1.643E 0 0  
6.661E-02 

2 62 OE- 05 

a. 40 6 ~ - 0 3  

SPLEEN 
8 . t ) l Y E - U 2  
A . Y Y 3 t - 0 2  
NO OATA 
NU JATA 
No VATA 
NO J A T A  
NU J A T A  
Nd OATA 
No J A T A  
5.19YE-03 
1.307€-02 
1.7jt)t-U4 
L.3LTk-O)L 
6.43YE-02 
1.782t-03 
5. LbPE-Ua 
NU OATA 
NU J A T A  
No OATA 
NO DATA 
NO OATA 
No U A T A  
M DATA 
NU DATA 
3.>4t)E-04 
3.13trE-u> 
7 - 2 1  6E- DL 
A. L O A t - O L  
6. L J L t - 0 3  
6.664k-JL 
NO OATA 
5. d42E-00 
5. L>&- 03 
No OATA 
NO DATA 
NO 0 A T A  
NO VATA 
No J A T A  
Nd OATA 
NU OATA 
NJ OATA 
NO O A T A  
NO OATA 
NO UATA 
NO UATA 
NU DATA 
No OATA 
NO J A T A  

NJ J A T A  
NO OATA 
NO DATA 
NO J A T A  

NL) OaTA 

NO TESTES D A T A  

NO U A T A  
NU UATA 
NO D A T A  
NU U P T A  
NO U P T P  
NU U P T A  
NO U A T A  
NU U A T A  
4.434E-03 
A. 43 7€-02 
A. 686E-04 
L. LL5 E-OL 

NU U A T A  
4. L6 7t-03 
NU D A T A  
NO DATA 
NO UATA 
NU D A T A  
NU D A T A  
NU DATA 
NO D A T A  
NO D A T A  
NO O A T b  
IvLl D A T A  
NO D A T A  
NO U A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO uATP 
NU D A T A  
NU D A T A  
NU U A T A  
NU U A T A  
NU U A T P  
NL) U A T A  
NU D A T A  
NO D A T P  
NO U A T A  
NU U A T A  
NU U A T A  
NLl U P T A  
NU D A T A  
Nu D A T A  
NO D A T A  
NO D A T A  
NU D A T A  
NO U A T A  

b. I b l E - 0 5  

CVAH A E S  
NU D P J S  
hG D P Z J  
hu U b Z P  
hU U P T S  
hU U A T P  
hO U P E 4  
hU U P Z P  
hu U P T A  
NO V P Z P  
hU U b l P  
NO O P l P  
hli U b Z b  
hO U P I P  
hlr D A Z P  
hO UbJA 
NU U P 3 . P  
hL D P W  
hO O P I S  
hO 0 P I . P  
hU U P & P  
hO D P L P  
NO hO U P S 4  O P Z P  

h D  O P I P  
hlr U P I P  
h D  DPZP 
NO U P I P  
kU V A L b  
NU D P a C  

hU V P E P  
hO DPTA 
hU O A I P  
hu U A T P  
NU u P J P  
hO D A 3 P  
kO U P I P  
hG U P l b  
hO O P I P  
hU U P J P  
NO O P I A  
hO UPTP 
hO DATA 
hO U b l b  
hU OAZP 
hU O A T 4  
hO DAZA 
hu u a u  
hlr UP1.A 
hO U A U  
hO U P I P  
hU O A J A  
hO OPJd 

oca4  

P 

a, 
0 



TABLE 4-2 (continued) 

NO. NUCLIDE 
145 GO-153 
146 GD-159 
1 4 7  TB-160 
1 4 8  OY-165 
1 4 9  OY-166 
150 HO-166 
1 5 1  ER-169 
1 5 2  ER-171 
153 TH-170 
1 5 4  YE-175 
155 LU-177 
156 HF-181 
1 5 7  TA-182 
1 5 8  W-181 
159 W-185 
160 W-187 
1 6 1  W-1889 
162 RE-183 
163 RE-186 
1 6 4  RE-187 
1 6 5  RE-188 
166 OS-185 
1 6 7  O S - 1 9 1 M  
168 O S - 1 9 1  
169 OS-193 
170 IR-190 
1 7 1  IR-192 
172 IR-194 
173 P T - 1 9 1  
1 7 4  PT-193M 
175 PT-193 
176 PT-197M 
1 7 7  PT-197 
1 7 8  AU-196 
179 AU-198 
180 AU-199 
181 HG-197M 
182 HG-197 
183 HG-203 
1 8 4  TL-200 
1 8 5  TL-201 
1 8 6  TL-202 
187 TL-204 
188 Pa-203 
189 PB-204M* 
190 Pa-210 
1 9 1  Pa-212 
192 81-206 
1 9 3  81-207 
1 9 4  81-210 
1 9 5  81-212 
1 9 6  PO-210 
1 9 7  AT-211 

TOTAL BODY 
7.3423-03 
7.067E-05 
1.468E-02 
1.295E-05 
7.031E-04 
2.015E-04 
9.007E-04 
5.274E-05 
9.522E-03 
1.717E-04 
2.981E-04 
5.628E-03 
2.188E-02 
6.282E -0 5 
4.397E-05 
1.068E-04 
2.670E-04 
8.041E-04 
4.973E-04 
4.397E-05 
3.149E-04 
3.204E-04 
8.481E-06 
9.046E-05 
9.549E-05 
8.716E-04 
5.459E-03 
1.934E-04 
5.936E-04 
7.067E-05 
3.242E-04 
9.674E -06 
5.962E-05 

4.737E-04 
1.753E-04 
1.801E-04 
1.344E-04 
1.352E-03 
1.849E-04 
1.623E-04 
6.684E-04 
6.282E-04 
1.450E- 04 
1.912E-05 
1.895E 00 
1.095i-02 
1.372E-03 
1.361E-03 
6.806E-03 
9.490E -04 
4.031E-01 
1.437E-02 

r .  8 0 2 ~ - 0 4  

BONE 
6.899E-02 
6.478E-04 
1.17 5E-01 

2.082E-02 
6.26 5E-03 
8.47 1E-03 
9.73 7E-02 
3.21 BE-0 1 
4.572E-03 
9.13 1E-03 
1.33 3E-02 
4.293E-02 
8.366E-05 
1.139E-03 
2.63 8E-04 
6.36 6E -03 
9.502E-06 
1.71 5E-04 
1.136E-05 
1.205E-04 
NO D A T A  
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO DPTA 
NO D A T A  
NO DATA 
NO D A T A  
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO D A T A  

2.51 5E-04 
1.12 6E-03 
2.47 7E-03 
9.27 GE-05 
1.22CE-05 
5.80CE 01 
1.51 1E-01 
1.49 1E-04 
2.554E-04 
1. 16 1E-02 
1.392E-03 
1.759E 00 
NO D A T A  

2.285~-04 

2.5a9~-05 

MUSCLE 
NO D A T A  
NO D A T A  
NO DATA 
NO CATA 
NO D A T A  
hG DATA 
NO DATA 
NO DATA 
NO DATA 
kO DATA 
NO D A T A  
NO OATA 
NG DATA 
NO D A T A  
NO DATA 
hG DATA 
NO D A T A  
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
hi3 O A T A  
NO DATA 
NO DATA 
NO OATA 
NO DATA 
NO DATA 
NO DATA 
NO OATA 
NO OATA 
hO DATA 
NO D A T A  
NO DATA 
ND DATA 
NO OATA 
NO DATA 
hD DATA 
NO DATA 
1.759 E-04 
2.052E-04 
9.172E-04 
8.734E-04 
NG D A T A  
hG DATA 
tv0 O A T A  
NO DATA 
NO D A T A  
NO C A T A  
NO CATA 
NO DATA 
NG D A T A  
NO DATA 

THYROID 
NO DATA 
NO DATA 
NO DATA 
NO OATA 
NO DATA 
NO DATA 
NO DATA 
NO O A T A  
NO DATA 
NO D A T A  
NO DATA 
NU D A T A  
NO DATA 
NO O A T A  
NO D A T A  
NO DATA 
NO DATA 
1 L65E-0 3 

4 .b 17E-04 

NO DATA 
NO DATA 
NO UATA 
NO O A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NU DATA 
NO DATA 
NO DATA 
NO UATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO OATA 
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
1.542E 00 

7 . a 4 9 ~ - 0 3  

5 .a49~-03 

LIVER 
4.994E- 0 3 
r ) .  20 1E-04 
NO DATA 
3.262E-05 
L.287E-03 
0.~144E-04 
6.544E-04 
NO DATA 
NU DATA 
NO DATA 
NO DATA 
5.914E-02 
1.70DE-01 
2.926E-04 

3.035E-04 
2.916E-03 
2.522E-04 
L .377E-04 
3.621E-05 
1.246E-04 
6.501E-04 
1 -096E- 0 5  
L.121E-02 
1.636E-04 
4.00dE-03 
3.621E-52 

b. 340E-05 
1.O6OE-0 5 
3.93 LE- 0 5 
2.955E-06 
1.788E-05 
4.979.5-04 
5.12LE-04 
1.73 7E- 0 4  
6.856E-04 
4.64 1E-04 
6.86UE-03 
1.428E-04 
1.966E-04 

4 . 5 a ~ t - 0 4  

i.8azt-03 

a.iQaE-04 
i . o 7 a ~ - o 3  
2.023E-04 
2.750E-05 
1.487.5 0 1  
3 - 0 2  1E-0 i 
6.2UBE-03 
1.156E-02 

6.012E-D 3 
3.794E 00 
NO DATA 

a .519~-02 

K I D N E Y S  
NO DATA 
NO DATA 
4.837E-02 
NO DATA 
NO DATA 
9.27 1E-G4 

1.742E-04 
3.82 1E - 02 
1. S53E-03 
6.547E-04 
1.313E-02 
7.256E-UZ 
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO UATA 
NO DATA 
NO DATA 
NO DATA 
2.86jE-03 
9.LOYE-05 
2. C 4 i t -  03 

z . A ~ E E - ~ ~  

1. a5 i t - 0 3  
3. 48 ~ - 0 3  
5.13CE-02 
2. 161E-03 
4.676E-U3 
5.394E-04 
6. L 5 6 E - 0 5  
2.052E-04 
1.247E-03 
1.dA4E-03 
2.434E-03 
8.179E-04 
9.094E-03 
5.315E-url 

7.393E- 04 
1.3>4€-03 
6.19iE-03 
1.026E-02 
1.456E-03 
2.021t-U4 
4.827E 01 

3 - 5 1  4E-02 
3.87OE-02 
1.114t 00 
6.73 1E- U L  
1.236E 01 
NJ DATA 

a. 8 6 a ~ - 0 2  

3 - 4 8  3 ~ -  o 1 

SPLEEN 
NU UATA 
NU UATA 
NU U A T A  
NO U A T A  
NO OATA 
NO D A T A  
NO O A T A  
NU U A T A  
NU U A T A  
NO O A T A  
NU DATA 
1.3UZt-UL 
4. 178t-UL 
N J  O A T A  
NO J A T A  
NJ O A T A  
NU UATA 

NO OATa 
Nd O A T A  
NJ d A T A  
NO D A T A  
NO U A T A  
NL) U A T A  
NJ O A T A  
3. CALE-U;, 
4.597t-UL 
A.d>LE-09 
7.4alE-U4 
8.63lt-UZ 
9. LIDO€- 04 
3.Ld3t-03 
1.996t-U4 
6.Oubt-04 
E .  113t-U4 
L. 7LbE-U+ 
7.47ot-04 
4.411t-Ou 
6. U l U k - U 3  

NU U A T A  
NJ O A T A  
NO O A T A  
NU J A T A  
NO O A T A  
NO UATA 
NU JATa 
2. u 74t-  U9 
4.1YLt-05 
6.4 7Yc - U L  
4.372t-03 
1 . L 2 Y t  U l  
1.7t)t)t-01 

NO JATA 

nu O A T A  

TESTES 
NO UATA 
NO UATP 
1U.J UATA 
NG U A T A  
NU UATA 
NO UATP 
NO D A T A  
NU DATA 
NO UATA 
NU O A T A  
i d 0  O A T A  
NO UATA 
NU U A T A  
NU DATA 
NO &ATA 
NU DATA 
Nu DATA 
NO UATA 
NO DATA 
NO DATA 
NO U A T A  
NU O A T A  
NO UATA 
NU DATA 
NU DATA 
NU UATP 
NO O A T A  
NU DATA 
NO D A T A  

NU UATP 
lrld DATA 
NJ UATA 
NU UAIA 
NO U A T A  
NO UATA 
NU DATA 
NU UATP 
W # A I &  
NU UATA 
NU U A T A  
NU U A T A  
NU O P T &  
NU U A T A  
NO UPTA 
NU O A T A  
NO U A T A  
NO UATP 

NG U A T A  
NU UUTA 
NU O A T A  
luu U A T A  

nu D A T A  

Nu DATA 

CVAR 1ES 
hO U A J A  
hU UPIP 
hO UP3.L 
hO O P l P  
hll U A J P  
hU U4Z.b 
hu UP3.P 
hO O A Z A  
hO U P T P  
hO UPTP 
hU U P 3 4  
hO uA3P 
hU UATP 
hO UPIP 
NU D e l 4  
hU U P I P  
hi2 D Tnb 
hU uP1.A 
hU 0 4 3 4  
hU D P E b  
hb O P T 4  
hlr 0Pa.a 
hU O P Z P  
hO u A E P  
hO UPLA 
hU U P Z P  
kO U P E P  
hU U b l A  
NU UP34 
hO U P I A  

hb U P T . 4  
hO U P i P  
kU UAJP 
hO U P l l  
hb UAX4 
hU U A L A  
hU U P 3 6  
hU U P l P  

NU hU O b 3 6  U P L P  
hU U P l P  
hu U P3.A 
hG U P l P  
hb D P l P  

hU U P S &  
hU U N A  
hU ue1.e 
hU O A J A  
hU U P Z A  
hL U P l P  

nu u P a P  

oPaP 

d.215k-UA 

P 
I 

*One o r  more parameters taken from a source other  than I C R P  Pub l i ca t i on  2. 



TABLE 4-2 (continued) 

N O .  N U C L I D E  
198 RA-223 
199 RA-224 
200 RA-226 
201 RA-228 
202 At-227 
203 AC-228 
204 TH-227 
205 TH-228 
206 TH-230 
207 T H - 2 3 1  
208 TH-232 
209 TH-234 
210 PA-230 
211 PA-231 
212 PA-233 
213 PA-234*  
214 U-230 
2 1 5  U-232 
216 U-233 
217 U-234 
218 U-235 
219 U-236 
220 U-237 
221 U-238 
222 NP-237 
223 NP-239 
224 PU-236 
225 PU-238 
226 PU-239 
227 PU-240 
228 PU-241 
229 PU-242 
230 PU-243 
231 PW-244 
232 AM-241 
233 AM-24W 

235 AM-243 
236 AM-244 
237 CM-242 
238 CM-243 
239 (311-244 
240 CM-245 
241 CM-246 
242 04-247 
243 CM-248 
244 CM-249 
245 BK-249 
246 BK-250 
247 CF-249 
248 CF-250 
249 CF-251 
250 CF-252 

234 ~ n - 2 4 2  

T O T A L  BODY 

2.697E -0 1 

2.215E 01 
2.760E 02 

9.632E-01 
4.160E 01 
1.425E 02 
5.041E-05 
1.841E 02 
5.740E-03 
2.687E-01 
3.989E 02 
2.295E-03 
8.062E-05 
1.576E 00 

1.309E 00 
1.334E 00 

1.230E 00 
2.839E-04 

1.386E 02 

9.113E 01 
1.435E 02 

6.919E-01 

4.146E 0 1  

1.565E-02 

7.329E 00 

1.204E 0 0  

1. 171E 00 

1.769E-04 

1.592E 02 
1.590E 02 
2.546E 0 0  
1.534E 02 
2.014E-05 
1.757E 02 
1.356E 02 
1.371E 02 
1. 173E-02 
1.325E 02 
2.085E-04 
3.380E 00 
1.027E 02 
7.450E 01 
1.441E 02 
1.441E 02 
1.415E 02 

5.989E-05 

1.999E-03 
1.742E 02 
5.527E 01 
1.738E 02 

1.167E 03 

2.875E-01 

4.359E 01 

BONE 
.6.860E x6 
2.134E 00 
4.028E 02 
1.667E 02 
4.990E 03 
2.11 2E-01 
3.433E 01 
1.267E 03 
5.253E 03 
1.12 9E-03 

2.044E-01 

1.003E 04 
1. 294E-02 
3.87CE-04 
1.029E 01 

5.91 aE 03 

6.525E 00  

1.055E 02 
2.199E 01 
2.111E 01 
2.023E 01 
2.023E 01 
7.56 9E-04 
1.935E 01 
3.344E 03 
2.630E-03 

5.705E 03 
6.559E 03 
6.551E 03 
1.240E 02 
6.080E 03 
8.71 1E-04 
7.102E 03 
2.069E 03 
2.084E 03 
1.478E-01 
2.064E 03 
2.98 5E-03 
5.092E 01 
1.771E 03 
1.256E 03 
2.551E 03 
2.548E 03 
2.462E 03 
2.047E 04 
9.329E-04 
1.21CE 01 
8.137E-02 
7.038E 03 
2.211E 03 
6.902E 03 
1.829E 03 

3.220E 03 

MUSCLE 
NO DATA 
NG DATA 
NO DATA 
NG DATA 
NO OATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NE DATA 
NO DATA 
NO DATA 
hO DATA 
NO DATA 
NO OATA 
NO DATA 
A 0  DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO OATA 
NO DATA 
NO DATA 
NO OATA 
NO DATA 
NO DATA 
NO DATA 
NO OATA 
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 

THYROID 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO OATA 
NO DATA 
NO DATA 
NO DATA 
NU DATA 
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 

*One or more parameters taken from a source other than ICRP Publication 2 

LIVER 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
6.594E 02 
8.160E-02 
4.839E-01 
1.66PE 0 1  
2.348E 02 
7.38 LE-05 
2.005E 02 
9.35 1 E- 03 
NO D A T A  
4.013E 0 2  

9.259E-05 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
3.097E 0 2  
2.873E-04 
2.799E 02 
8.164E 02 
8.962E 02 
8.962E 02 
6.41OE 0 0  
8.623E 02 
8.519 E-0 5 
NO DATA 
7.174E 0 2  
b.994E 02 
1.594E-0 1 
b.977E 02 
1.3 b bE-0 3 
5.189E 01 
b.42bE 02 
5.419E 0 2  
7.136E 02 
7.136E 0 2  
7.O09E 0 2  
5.776E 03 
NO DATA 
NO D A T A  
NO D A T A  
NO OATA 
NO DATA 
NO DATA 
NO DATA 

2.764E-03 

K I D N E Y S  
NO DATA 
NO DATA 
NU D A T A  
NO DATA 

1.048E-02 
2.742E 00  
9.276E 01 
1.128E 03 
3.660E-04 

2.395E 02 

9.636E 03 
5.299E-02 

2-162E 03 
1.291E 00 

1. 0 0 4 ~ - 0 2  
3.352E-UC 
2.083E 01 
A.lL9E 0 1  
5 . 1 3 C E  00 

4.720E 00 
4.822E 00 
3.570E-03 
4.412E DO 
A.Uj0E 03 
8.965E-04 
2.091E 02 

5 . 0 2 8 ~  00 

6.C87E 02 
b.764E 02 

1.219E 01 
6.509E 02 
9.401E-05 

1.01tE 03 
L . O O 7 E  03 
8.005E-OL 
9.993E 02 
1.45 LE-03 
1.538E 01 
4.791E 02 
3.476E 02 
6.725E 02 

6.605E 02 
5.444E 03 
NO OATA 
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NO D A T A  
NO DATA 

b.764E 02 

7 . 4 5 4 ~  DL 

6.725E 02 

SPLEEN 
NO UATA 
NO UATA 
NO OATA 
NO J A T A  
NU OATA 
NO DATA 
N J  OATA 
hw OATA 
Nil J A T A  
NU J A T A  
NO UATA 
NO UATA 
NO OATA 
NLA DATA 
NO UATA 
NO OATA 
NU OATA 
NU UATA 
NO UATA 
Nb OATA 
NO U A T A  
NO DATA 
NO UATA 
NO UATA 
NO O A T A  
NO DATA 
NO OATA 
NO OATA 
Nu OATA 
NO UATA 
No OATA 
NO DATA 
Nu J A T A  
NU OATA 
NU DATA 
NO OATA 
NO UATA 
NO DATA 
NU UATA 
NU OATA 
NO DATA 
NO OATA 
hw OATA 
NU UATA 
NO OATA 
NU OATA 
MI UATA 
NO U A T A  
NO UATA 
NO u A T A  
NO OATA 
NO UATA 
NO OATA 

TESTES 
NU D A T A  
NU D A T A  
NU D A T A  
NU D A T A  
NU D A T A  
NO U A T A  
NO D A T A  
NU D A T A  
NO U A T A  
NO U A T A  
NO D A T A  
NO OATA 
NO O A T A  
NU D A T A  
NO D A T A  
NO D A T A  
NU D A T A  
NL) U A T A  
NU U A T A  
NO D A T A  
NU U A T A  
NO OATA 
NU D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NU D A T A  
NO D A T A  
NU D A T A  
NO u A T A  
Nil  D A T A  
NU D A T A  
NO D A T A  
NO OATA 
NU D A T A  
NO D A T A  
NU U A T A  
NO D A T A  
NO D A T A  
NO O A T A  
NU U A T A  
NO D A T A  
NO U A T A  
NO U A T A  
NO D A T A  
NO D A T A  
NU U A T A  
NO D A T A  
NU D A T A  
NO U A T A  
NO D A T A  
NU U A T A  
NO U A T A  

CVAH I E S  
NU U A L A  
hb 01\14 
NO OASA 
hG U A I P  
NU UA1.P 
hO U A l A  
hO 01\34  
hU U A L P  
NU U A U  
hO U P T L  
hU U P 3 4  
NU U P I 9  
hO U P 3 9  
hb U P Z A  
hG U A Z A  
hii U P L P  
hG D A S P  
lU0 DALP 
N i l  U P T P  
hU D P T A  
hO U P I A  
NU DA3.P 
hO UPXA 
hO OALA 
NO U A L P  
hO D A Z P  
hlj 0 6 1 4  
NU U A I A  
hU U P Z P  
hU U P I A  
NU U A Z P  
NU D P l P  
NO U A I P  
hO U P J P  
hU D P U  
hli UAZA 
hL D A E P  
hU U P T b  

NO UPXA 
NU U A T P  
hU U A T P  
NU D P 3 P  
NO U P Z P  
NO O P J b  
lUO D A J A  
NU U A J A  
hO u e u  
hU D A l P  
IYU U A L P  
NU U b T P  
hU OA3.A 
hO ubZP 

NU U P J P  

P 

% 



NO. NUCLIDE 
2 5 1  CF-253 
2 5 2  CF-254 
253 €5-253 
254 ES-254M 
255 €5-254 
256 ES-255 
257 FM-254 
258 FM-255 
259 FN-256 

TOTAL BODY 
3.439E-01 
5.570E 01 

5.444E-02 
1.495E 01 
5.889E-01 
4.661E-03 
1.759E-02 
1.046E-01 

3.822E-01 

TABLE 

BONE WUSCLE 
1.395E 01 NO DATA 
2.216E 03 NO DATA 

2.211E DO NO DATA 
6.193E 02 NO DATA 

1 . 5 5 0 ~  01 NO D A T A  

2.387E 01 hC DATA 
1.894E-01 NO DATA 
7.13CE-01 NO DATA 
4.184E DO NO DATA 

4-2 (continued) 

SPLEEN KIUNEYS THYROID L I V E R  
NO DATA NO DATA NO DATA NO O A T A  
NO DATA NO DATA NO DATA NO 3 A T A  
NU DATA NO DATA NO DATA luo OATA 

NO DATA NJ d n T A  NO DATA 
NO DATA NO DATA NO DATA NU OATA 
NO DATA NO DATA NO DATA lU3 DATA 

NO DATA NO DATA NO DATA 
NO DATA NO DATA NO DATA NO OATA 
NO DATA NO DATA N O  DATA NU OATA 

NO DATA 

NO DATA 

TESTES 
NO D A T A  
NU DATA 
NU D A T A  
NO D A I A  
N3 D A T A  
NU DATA 
NbJ U A T A  
NO D A T A  
NO D A T A  

P 

03 w 



UO. NUCLIDE 
I H-3* 
2 BE-7 
3 C-14 
4 F-18 
5 NA-22 
6 NA-24 

8 P-32 
9 5-35 

10 CL-36 
11 CL-38 
12 K-42 
13 CA-45 
14 CA-47 
15 SC-46 
16 SC-47 
17 SC-48 
18 v-48 
19 CR-51 
20 MN-52 
21 MN-54 
22 MN-56 
23 FE-55 
24 FE-59 
25 CO-57 
26 CO-58M 
27 CO-58 
28 C0-60 
29 NI-59 
30 NI-63 
31 NI-65 
32 CU-64 
33 ZN-65 
34 ZN-69M 
35 ZN-69 
36 GA-72 
37 GE-71 
38 AS-73 
39 AS-74 
40 AS-76 
41 AS-77 
42 SE-75 
43 BR-80M* 
44 8R-82 
45 BR-834: 
46 8R-844: 
47 RO-86 
48 RB-87 
49 R8-884' 
50 RB-89*  
51 SR-85M 

r 51-31 

TABLE 4-2 (continued) 

LUNGS 

SO LUBLE 
ND D A T A  
NJ D A T A  
N3 D A T A  
NO DATA 
NO D A T A  
NJ D A T A  
3.330E-04 
ND D A T A  
ND D A T A  
ND D A T A  
NO DATA 
NO DATA 
N3 D A T A  
ND D A T A  
ND D A T A  
NO D A T A  
NJ D A T A  
NO DATA 
2.729E-04 
NO DATA 
NO DATA 
NO D A T A  
2.341E-03 
8.219E-03 
NO D A T A  
N3 D A T A  
NO D A T A  
NO D A T A  
NO DATA 
NO DATA 
NO D A T A  
NO D A T A  
NJ DATA 
ND D A T A  
ND D A T A  
NO OkTA 
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO DATA 
NJ DATA 
ND D A T A  
NO D A T A  
ND D A T A  
NO DATA 
ND D A T A  
N3 DATA 
NJ D A T A  
NO D A T A  
N3 D A T A  

I NSO LUBLE 
NO DATA 
5.43 LE-03 
5.936E-02 
3.85 6E-04 
7.808E-01 
8.61 2E-03 
5.940E-04 
8.07 7E-02 
2.58 9E-02 
2.85 8E-01 
4.52 5E-04 
7.11 5E-03 
5.460E-02 
3.49 3 6 0 2  
2.895E-01 
6.41 5E-03 
1.81 6E-02 
1.170E-01 
2.89 5E-03 
I. 02 LE-01 
1-80 6E- 01 
1.309E-03 
6.443E-03 
1.26 1E-01 
4.034E-02 
6.94 LE-04 
2.51 5E-01 
7.44 5E-01 
8.465E-03 
2.299E-02 
1-20 8E-03 
9.18 5E-04 
1.107E-01 
2.62 LE-03 
1.342E-04 
5.91 7E-03 
9.994E-04 

5.317E-02 
1.098E-02 
3.51 4E-03 
1.71 SE-04 
1.23 2E-03 
1.13 1E-02 
3.387E-04 
4.67 5E-04 
9.782E-02 
9.894E-02 
2.90 8E-04 
2.43 CE-05 
7.17 9E-05 

1 74 8E-02 

G.I. TRACT 

SOLUBLE 
NO DATA 
5.336E-04 
1.067E-04 
1.067.E-03 
3.049E-03 
5.336E-03 
1.067E-03 
1.067E-02 
2.134E-04 
7.115E-04 
2.134E-02 
3.049E-03 
2.134E-03 
1.067 E-02 
2.668E-02 
1.0 6 7 E-02 
3.557 E-02 
3.557 E-02 
5.336E-04 
3.049 E-02 
7.115E-03 

3.557E-04 
2.134E-02 
2.134E-03 
3.557E-04 
7.115E-03 
2.134E-02 
3.557 E-04 
I .  067E-03 
7.115E-03 
3.049E-03 
5.336E-03 
1.067 E-02 
5.336E-04 
2.668 E-02 
5.336E-04 

2.134E-02 
5.336E-02 
1.067 E-02 
3.557E-04 
4 -269 E-02 
3.557 E-03 
NO D A T A  
NO D A T A  
2.134E-03 
2.668E-04 
2.134E-03 
1.067E-03 
2.134E-04 

7.115E-03 

2.134E-03 

*One or more parameters taken from a source other than ICRP Publication 2. 

I NS OLU BL E 
NU DATA 
7.115E-04 
5.336E-03 
2.37LE- 03 
4.269E-02 
4.269E-02 
7.115E-03 
5.336 E- 02 
4.269E-03 
2.134E-02 
3.049 E-03 
5.336E-02 
7.115E-03 
3.557E-U2 
3.049E-02 
1 .067E-02 
4.269E-02 
4.269E-02 
7.115E-04 
4.269E-02 
1.067k-02 
1.067E-02 
5.336E-04 
2.372E-02 
3.049 E-03 
5.33LE-04 
1.067E-02 
3.557.5 02 
7.115E-04 
2.134E-03 
1.067E-02 
5.336E-03 
7.115E-03 
2.134E-02 
7.115E-04 
3.557E-02 
7.115E-04 
2.668E-03 
2.372E- 02 
7.115E-02 
2.134E-02 
4.269E-03 
NU DATA 
3 -557E-02 
NO DATA 
NO DATA 
5.336E-02 
7.115E-03 
2.668E-03 
1.067 E-03 
2.134E-04 

P 

03 
P 



VO. NUCLIOE 
52 SR-85 
53 SR-89  
54 SR-90* 
55 SR-91 
56 SR-92 
57 Y-90 
58 Y-91H 
59 Y-91 
60 Y-92 
61 Y-93 
62 ZR- 93 
63 ZR- 95 
64 ZR-97 
65 NB-93M 
66 NB-95M* 
67 NB-95 
68 NB-97 
69 MO-99 
70 TC-96M 
71 TC-96 
72 TC-97M 
73 TC-97 
74 TC-99M 
75 TC-99 
76 RU-97 
77 RU-103 
78 RU-105 
79 RU-106 
80 RH-103M 
8 1  RH-105 
02 PD-103 
83 PD-109 
84 AG-105  
85 AG-11OM 
86 A G - 1 1 1  
87 CD-109 
88 CD-115M 
89 CD-115 
90 IN-113M 
9 1  IN-114M 
92 IN-11% 
93 IN-115 
94 94-113 
95 SN-119Me 
96 SN-1234 
97 SN-125 
98 sa-122 
99 50-124 

100 SB-125 
101 TE-12% 
102 TE-127M 

SOLUBLE 
NO D 4 T A  
NO DATA 
NJ DATA 
ND DATA 
NJ DATA 
NO DATA 
N3 DATA 
NQ D I T A  
NJ DATA 
ND DATA 
NO DATA 
N3 DATA 
NJ DATA 
NO DATA 
NO D 4 T A  
NJ DATA 
N3 D 4 T A  
N J  DATA 
4.512E-07 
4. 855E - 05 
1.395E-05 
3.298E-06 
2.770E-07 
1.550E-05 
ND 0 4 T A  
NO DATA 
NJ DATA 
ND DATA 
N J  DATA 
NO DATA 
ND DATA 
ND DATA 
NJ 0 4 T A  
NJ DATA 
NJ DATA 
N J  0 4 T A  
NO DATA 
NJ 0 4 T A  
NO DATA 
NJ DATA 
ND D 4 T A  
ND DATA 
NO DATA 
NO DPTA 
NO 0 4 T A  
NO DATA 
1.061E-03 
2. 050E-02 
1.214E-02 
NO DATA 
ND DATA 

INSOLUBLE 
6.18 OE-02 
1.79iE-01 
1.195E 00 
5.47 %E-03 
2.01 4E-03 
2.13 7E-02 
1.763E-04 
2.113E-01 
2.05 9E-03 
5.75 1E-03 
2.19fE-OA 
1.974.5-01 
1.035E-02 
4.046E-02 
1. Ob 6E-02 
6.454E-02 
2.98 SE-04 
1.19 9E-02 
2.176E-04 
2.43 4k-02 
4.29 4E-02 
2.199E-02 
8.063E-05 
1.03 3E-01 
3.35 OE-03 
7.55 9E-02 
1.581E-03 
1.158E 00 
1.914E-05 
2.61 3E-03 
8.594E-03 
2.183E-03 
7.97 CE-02 
6.279E-01 
2.45 7E-02 
0.776E-02 
1.769E-01 
1.14 BE-02 
1.404E-04 
2.996E-01 
3.47 6E- 04 
1.86 9E-01 
1.221E-01 
2.823E-02 
2.91 7E-01 
7.742E-02 
1.679E-02 
3.386E-01 
2.41 7E-01 
5.01 5E-02 
1.64 2E-01 

TABLE 4-2 (continued) 

LUNGS G . I .  TRACT 

SOLUBLE 
4.269E-03 
2.372E-OL 
2.134E-OL 
1.067 E-OL 
1.067E-02 
5.336E-02 
2 -668 E-04 
3.557E-02 
2.134E-02 
3.557E-02 
1.067E-03 
2.134E-02 
5.336E-02 
2.372E-03 
1.334E-02 
1.067 E-02 
1.067 E-03 
4.269 E-03 
7.115E-05 
1.067E-02 
2.668E-03 
5.336E-04 
2.134E-04 
3.049E-03 
2.668 E-03 
1.067E-02 
7.115E-03 
7.115E-02 
7.115E-05 
7. l l 5 E - 0 3  
2.668E-03 
1.067E-02 
1.067 € 4 2  
3.049 E-02 
2.134E-02 
5.336E-03 
3.5576-02 
2.668E-02 
7.115E-04 
5 336 E-OL 
2.668 E-0 3 
1.067E-OL 
L.642E-03 
3.186E-02 
1.067E-02 
5.336E-02 
3.557E-02 
4.269E-02 
1.067E-02 
2.134E-02 
1.067 E-0 2 

INSULUBL E 
7.A15E-03 
4.269 E- 02 
3.551.E-02 
2.372E-02 
2.134E-02 
7.1 15 E- 02 
3.557E-04 
4.269E- 02 
2.134E-02 
4 -269E-0 2 
2.134E-03 
2.134E-02 
7.115E-02 
3.049E-03 
1.334E-02 
1.067E-U2 
1.067E-03 
3.0 49 E-02 
1.067E-04 
2.66dE-02 
7.115E-03 
2.134E-03 
4.269E- 04 
7.115E-03 
3.557E-03 
2.134E-02 
1.067E-02 
1.067E-01 
1.067E-04 
1.067E-02 
4.269E-03 
2.134E-02 
1.067E-02 
4.2b9E-02 
2.668 E- 02 
7.115E-03 
5.336E-02 
3.557E-02 
1.067E-03 
7.115E-02 
3.557E- 03 
1.067E-OZ 
2.134E-03 
4.185E-02 
2.134E-02 
7.115E-02 
4.209E-02 
5.336E-02 
1.067E-02 
1.067E-02 
2.372E-02 

*One or more parameters taken from a source other than ICRP Publication 2. 



YO. NUCLIDE 
103 TE-127 
104 TE-129M 
105 TE-129 
106 TE-13111 
107 TE-132 
108 1-1268 
109 1-1298 
110 1-1300 
111 1-1318 
112 1-1328 
113 1-1338 
114 1-1340 
115 I-135* 
116 CS-131 
117 CS-134M 
118 CS-134 
119 CS-135 
120 CS-136 
121 CS-137 
122 CS-1380 
123 BA-131 
124 BA-140 
125 LA-140 
126 CE-141 
127 CE-143 
128 CE-144 
129 PR-142 
130 PR-143 
131 ND-144 
132 ND-147 
133 ND-149 
134 pn-147 
135 ~ n - 1 4 ~  

138 sn-147 

136 PM-1488 
137 PM-149 

139 94-151 
140 SM-153  
141 EU-15W 
142 EU-152 
143 EU-154 
144 EU-155 
145 GO-153  
146 GD-159 
147 TB-160 
148 DY-165 
149 OY-166 
150 HO-166 
1 5 1  ER-169 
152 ER-171 
153 TM-170 

TABLE 4-2 (continued) 

LUNGS 

SOLUBLE 
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
ND D A T A  
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NJ D A T A  
3.762E-05 
3.725E-06 
1.153E-02 
I. 55 8E -03  
7.021E-04 
9.538E-03 
N3 D A T A  
8.884E - 06 
7.223E-05 
NJ D A T A  
ND DATA 
NJ DATA 
ND D A T A  
NO DATA 
ND D A T A  
NO D A T A  
NO D A T A  
NJ DATA 
NO D A T A  
N3 D A T A  
N3 D A T A  
N3 DATA 
NO D A T A  
NO D 4 T A  
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
ND DATA 
NO D A T A  
NO D A T A  
ND D A T A  
NO D A T A  
NO D A T A  
NO DhTA 
NJ D A T A  
NJ DATA 
ND O A T A  

INSOLU8LE 
8.54 7E-04 
1.96 8E-0 1 
3.409E-04 
1.133E-02 
3.14 1E-02 
1.974E-02 
9.015E-02 
4.11 OE-03 
2.073E-02 
8.879E-04 
5.06 4E-03 
3.62 7E-04 
1.97 IE-03 

1.86 7E-04 
5.483E-01 
7.256E-02 
3.76 1E-02 
4.45 9E-01 
3.93 9E-04 
I. 84 1E-02 

1.67CE-02 
4.16 6E-02 
1.00CE-02 
1 . O A l E  00 
5.89 7E-03 
3.605E-02 
2.199E 01 
2.83 BE-02 
7.523E-04 
6.71 OE-02 
2.166E-01 
4.07 lE-02 
8.708E-03 

4.6 02E-02 
4.594E-03 

3.538E-01 
9.264E-01 
8.753E-02 
7.276E-02 
2.253E-03 
1.98 1.5-01 
3.463E-04 
2.272E-02 

1 97 3E-03 

1.48 3E-01 

2.529E 01  

2.529E-03 

6.89 OE-03 
1 75 7E-02 
1.38 BE-03 
1.922E-01 

G.I. TRACT 

SOLUBLE 
3.557E-03 
3.049 € 4 2  

2.134E-02 
3.049E-02 
5.336E-04 
2.3723-04 
3.557E-02 
1.067 E-03 
2.372E-03 
2.134E-03 
2.134E-03 
2.134E-03 
5.336E-05 
2.134E-04 
2.134E-03 

1 067 E-03 

2 134E-04 
1.067 E-03 
1.067E-03 
2.134E-03 
5.336E-03 
3.557E-02 
4.269E-02 

2.372E-02 

3.049 E-02 
2.134E-02 
1.067E-02 

3.557E-03 
4.269 E-03 
3.388E-02 
5.082E-02 
2.134E-02 
1.067 E-02 
2.668E-03 
1.067E-02 

1.067E-02 
4.269E-02 
5.336E-03 

1.067E-02 
2.134E-02 
2.372E-03 
2.668 E-02 
3.049E-02 
1.067E-02 

1.067E-02 

7.115E-04 

2.134E-02 

2.134E-02 

4.269E-03 

1 -067E-02 
2.134E-02 

*One or  more parameters taken from a source other than I C R P  Publication 2. 

INSOLUBLE 
7.115E-03 
5.336E-02 
2.134E-03 
3.557E-02 
5 -336E-02 
1.067E-02 
5.336E-03 
NO DATA 
2.134E-02 

3.0 49 E- 02 
2.134E-03 
2.134E-02 
1.067E-03 
1.067E-03 

5.336E-03 
2.134E-02 
2 -668E-02 
2.660 E-03 
7.115E-03 
5.3 36E-02 

1.067E-02 
3.049E-02 
1.067E-01 
4.269E-02 
2.3 72E-02 

2.134E-02 
4.269E-03 
5.336E-03 

6.278E-02 
2.66t)E-02 
2.134E-02 
3.049E-03 
2.134E-02 
2.134E-02 

5.336E-02 

5.336E-03 
2.134E-02 
L.668E-02 
3.049E-03 
3.049 E- 02 
3.557E-02 
1.0676-02 
1.067E-02 
2.668E-02 

7.115E-03 

3 -049E-02 

5 336E-02 

2 134E-02 

4.269E-02 

2.134E-02 

5 -336E-03 



“1. NUCLIDE 
154 Y8-175 
155 LU-177 
156 HF-181 
157 TA-182 
158 W-181 

160 H-187 
1 6 1  W-188* 
162 R E - 1 8 3  
163 RE-186 
164 RE-187 
165 RE-188 
166 OS-185 
167 O S - 1 9 1 M  
168 OS-191 
169 OS-193 
170 IR-190 
1 7 1  IR-192 
172 IR-194 
173 PT-191 
174 PT-193M 
175 PT-193 
176 PT-197M 
177 PT-197 
178 AU-196 
179 AU-198 
180 AU-199 
1 8 1  HG-197M 
182 HG-197 
183 HG-203 
184 TL-200 
185 TL-201 
186 TL-202 
187 TL-204 
188 P8-203 
189 P8-204M* 
190 PB-210 
1 9 1  Pa-212  
192 81-206 
193 61-207 
194 81-210 
195 61-212 
196 PO-210 
197 AT-211 
198 RA-223 
199 RA-224 
200 RA-226 
2 0 1  RA-228 
202 At-227 
203 At-228 
2 0 4  TH-227 

159 w - i m  

TABLE 4-2 (cont inued)  

LUNGS 

sa Lua LE 
ND D A T A  
N3 OPTA 
N3 04TA 
NJ D A T A  
NJ D4TA 
NJ DATA 
NO D A T A  
NO DATA 
NJ D A T A  
Nil DATA 
NJ DATA 
NO D A T A  
NJ D4TA 
NO D A T A  
NO D A T A  
NJ D A T A  
NO D A T A  
NO D A T A  
NO 04TA 
NO DATA 
‘NO 04TA 
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
ND D A T A  
NJ DATA 
NO DATA 
ND DATA 
3.634E-05 
5.101E-05 
2.295E-04 
3.188E-04 
NO D A T A  
NO DATA 
NO D4TA 
NO DATA 
NO DATA 
NO D A T A  
N3 OATA 
NO 04TA 
NO DATA 
NO DATA 
N3 D4TA 
NO DATA 
NJ D A T A  
NO DATA 
NO DATA 
NO DATA 
NJ DATA 

INSOLUBLE 
5.44 8E-03 
9.433E-03 
8.83 5E-02 
2.97 2E-01 
5.15 CE-02 
5.87 1E-OL 
3.99 BE-03 
3.58 5E-01 
4.15 8E-02 
1.245E-02 
1.3lSE-02 
5.496E-03 
1.409E-01 
6.874E-04 
1.55 ZE-02 
4.47 7 6 0 3  
1.599E-02 
2.52 7E-01 
5.348E-03 
8.31 2E-03 
9.693E-04 
2.08 7E-02 
2.38 E - 0 4  
1.639E-03 
1.029E-02 
1. 064E102 
3.65 6E-03 
1.81 7E-03 
1.25 8E-03 
5.163E-02 
1.84 6E-03 

2.698E-02 
2.478E-01 
1.83 6E-03 
2.53SE-04 
2.703E 01  
3.33 3E- 01 
4.453E-02 
4.75 1E-01 
1.146E 00 
3.19 2E-02 

1.67 2E-01 
2.671E 01 
9.062E 00 
1.209E 02 
1.675E 02 
2.491E 02 
3.803E-01 
3.829E 01 

3.21 a ~ - o 3  

3 . 2 3 ~  01 

SOLUBLE 
1.067E-02 
1.067E-02 
1.067E-OL 
2.372 E-02 
2.6b8E-03 
7.115E-03 
1 .067E-02 
3.049 E-02 
2.134E-03 
1.067 E-0 2 
3.557E-04 
2.134E-02 
1.067E-02 
3.557E-04 
5.336E-03 
2.134E-02 
5.336.503 
2 -3 72 E-02 
2.668E-02 
7.115E-03 
13067E-03 
5.336E-04 
1.067 E-03 
7.115E-03 
5.33bE-03 
2.134E-02 
5.336E-03 
5.336E-02 
5.336E-04 
2.134E-03 
2.372E-03 
3.049E-03 
7.115E-03 
1.067E-02 
2.3,7 2 E -03 
2.134E-02 
5 -336 E-03 
2.134E-03 
2 -668 E-02 
2.134E-02 
2.372.5-02 
2.668 E-03 
3.049 E-02 
1.067E-03 
2.134E-01 
1 -067E-0 1 
2.134E-02 
2.668 E-02 
3.049E-03 
1.067E-02 
5 3 36E-0 2 

G.1. TRACT 

INSOLUBLE 
1 -0 b7E- 02 
1.067E-02 
2.134E-OL 
3 .O 49E-02 
3.557E-03 
1.067E-02 
2.134E-02 
4.269E-02 
4.26YE-03 
2.668E-02 
1.067E-03 
3.5 57 E- 02 
2.134E-02 
5.33bE-04 
7.1 15E-03 
2.372E-02 
7. l15E-03 
3.557E-02 
4.269E-02 
1 .C67E-02 
A.067E-03 
7. 11bE-04 
1.067E-03 
1.067E-02 
7.1A5E-03 
2.668E-02 
7.115E-03 

2 .  AIL€-03 
1.067E-02 
-5.33bE- 03 
7.115E-03 
2.134E-02 
2.134E-02 
3.557E-03 
2.008 E- 02 
7. U5E-03 
7. A15E-03 
3.049 E- 0 2  
2.134E-02 
3.049 E-02 
3.557.5-03 
4.269E-02 
2. Ir)4E-02 
3 -049 E- 0 1 
2.372E-01 
3 -557E-02 
5.336E-02 
4.2b9E-03 
1.067E-02 
7.1 l>E-02 

7 115E-02 

P 

*One o r  more parameters taken from a source o the r  than I C R P  Pub l i ca t i on  2. 



TABLE 4-2 (continued) 

YO. 
205 
2 06 
2 07 
2 08 
2 09 
2 10 
211 
2 12 
2 13 
2 14 
2 15 
2 16 
2 17 
2 18 
2 19 
2 20 
2 21 
2 22 
2 23 
2 24 
2 25 
2 26 
2 27 
2 28 
2 29 
2 30 
2 3 1  
232 
2 33 
2 34 
2 35 
2 36 
2 37 
2 38 
2 39 
2 40 
2 41 
2 42 
2 43 
244 
2 45 
2 46 
2 47 

2 49 
2 50 
2 5 1  
2 52 
2 53 
2 54 
2 55 

2 4a 

NUCLIDE 
TH- 228 
TH-230 
TH-231 
TH-232 
TH-  234 
PA-230 
PA-231 
PA-233 
PA-234a 
U-230 
U-232 
U-233 
U-234 
U-235 
U-236 
U-237 
U-238 
NP-237 
NP-239 
PU-236 
PU-238 
PU-239 
PU-240 
PU-241 
PU-242 
PU-243 
PU-244 

AM-242M 
AM-242 
AM- 243 
AM-244 
CH-242 
CM- 243 
CH-244 
CM-245 
CM-246 
CM-247 
CM-248 
CM- 249 
BK-249 
BK-250 
CF-249 
CF- 250 
CF-251 
CF-252 
CF-253 
CF-254 
ES-253 
ES-254U 
€5-254 

~ n - 2 4 1  

1 

SDLUBLE 
NO DATA 
ND D A T A  
NO D A T A  
NO DATA 
NJ D A T A  
NO DATA 
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO DATA 
ND D A T A  
NO D A T A  
NO D A T A  
ND DATA 
ND D A T A  
NO DATA 
NO DATA 
NO D A T A  
NO D A T A  
NO DATA 
ND DATA 
ND D A T A  
ND D A T A  
NO D A T A  
NO DATA 
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
N3 DATA 
Ni) D A T A  
NO DATA 
NO DATA 
ND DATA 
NO D A T A  
N3 D A T A  
N3 DATA 
NO D A T A  
NO D A T A  
NO D A T A  
NJ DATA 
N3 DATA 
ND DATA 
NO D A T A  
NO DATA 
NO D A T A  
NO D A T A  
NJ DATA 
NO D A T A  
N3 D A T A  

LUNG 5 

INS0 LUB LE 

6.41 9E 02 
1.07 7E-03 
6.152E 02 
1.95 5E-01 
8.479E 00 
5.936E 01  

1.51 SE-03 
5.684E 01 
2.298E 02 
5.497E 01 
5.387E 01 
5.057E 01 
5.167E 01 
7.08 4E-03 
4.727E 01  
5.387E 01 
3.35 OE-03 
6.683E 02 

1.772E 02 
1.772E 02 
1.647E-01 
1.705E 02 

1.037E 03 

3.678~-02 

1 . 8 8 5 ~  02 

3.61 ~ - 0 4  

2 .49a~  01 

1.953E 02 
6.262E 01 

1.37 9E-01 
5.936E 0 1  
2.653E-04 
4.047E 01  

6.475E 01 
6.046E 01 
6.156E 01  
6.046E 01 
4.983E 02 
1.24 9E-04 
5.36 5E-02 
2.82 OE -03 
6.591E 01 
6.602E 01 
6.483E 01 
2.008E 02 
8.460E 00 
1.329E 03 
1.068E 01 
1.099E 00 
6.068E D l  

6.529E 01 

G.1. T 

SOLUBLE 
7.115E-02 
3.049 E-02 
4.269 E-03 
2.668E-02 
5 3 36E-0 2 
4.269E-03 
3.557 E-02 
7.113E-03 
NO DATA 
2.134E-01 
3 -557 E-D2 
3.049 E-02 
3.049E-02 
3.557E-02 
3.049 E-02 
NO D A T A  
2.668 E-02 
3.049 E-0 2 

NO DATA 
3.557E-02 
3. 557E-02 

7.115E-03 

3 557 E-02 
7 115E-04 

3.557E-03 
3.049 E-0 2 

1.06 7 E -0 1 
3 -557 E-02 
1.067E-02 
7.1 15E-03 
3.557 Ea02 
2.134E-04 

4.269E-02 

3.557.5-02 
3 -557 E-02 

7 115E-0 1 
4.269E-04 

4.269E-02 

3.557E-02 

4.269E-02 

2.134E-03 
4.269E-03 

3.557E-02 
3.557E-02 

7.115E-03 
7.115E 00 
4.269E-02 
5.336E-02 
7.ll5E-02 

4.269E-02 

1 067 E-0 1 

*One or more parameters taken from a source other than ICRP Publication 2 .  

RACT 

INSOLU8LE 
1.067E-0 1 

5.336E-03 
3.049E-02 

5.336E-03 
4.269E-02 
1 .067E-02 
NU DATA 

3.5 57 E- 02 

7-115E-02 

2 .66n~-o i  
4.269E-02 

3.557E-02 

3 -557E-02 

3.5 57E-02 

4.269E-02 

NU DATA 
3.557E- 02 
4.269E-02 
1.067E-02 
NO DATA 
4.269E-02 
4.269E-02 

1.067E- 03 
4.269E-02 
2.668E-03 
1.067 E- 0 1 
4.269E-02 
1 067 E-02 
1.067E-02 
4.269E-02 
2.668E-04 
5.336E-02 

4.269E-02 

5.336E-02 
4 269E-02 

4.269E-02 
4.269E-02 

5.336E-02 
1.067E 00 
5.336E- 04 
2.134E-03 
5.336E-03 
5.336E-02 
5.336E-02 
4.269E-02 
2.134E-01 
7.1156-03 
1.067E 01 
5.336E-02 
7- 1 1 5 6 0 2  
7.115E-02 

P 

0) 
a, 



YO. NUCLIDE 
2 5 6  ES-255 
257 FM-254 
2 5 8  FM-255 

, 2 5 9  Ft4-256 

TABLE 4-2 (continued) 

LUNGS 

SOLUaLE INSOLUBLE 
1.605E 01 NO D 4 T A  

NO DATA 9 63 6E-02 
N3 DATA 5. w + a ~ - a i  
NO DATA 3.657E 00 

G.1. TRACT 

SOLUBLE INSOLUBLE 
3 -557E-02  4.L69E-02 
7. L15E-03 1 -067E-02 
3.049E-02 3.557E-02 
1.067E 00 1.067E 00 



TABLE 4-3 INREM DOSE ESTIMATES FOR INGESTION OF A U N I T  (1 v C i )  OF EACH RADIONUCLIDE 

DCSE COMMITWENT LREMS 1 FROM I N G E S T I O N  O F  R A D I O N U L L I D E S  

NUMBER O F  THE REFERENCE EVENT = 1 . 
AGE OF T H E  I N D I V I D U A L  A T  T I M E  OF EVENT = 21.000 YEARS. 

T I M E  AFTER EVENT WHEN I N T A K E  ENOS = 0.003 YEARS. 
DURATION O F  THE I N T A K E  P E R I O D  = 0.003 YEARS. 

T I M E  AFTER EVENT WHEN I N T A K E  B E G I N S  = 0.0 YEARS. 

T I M E  AFTER EVENT WHEN DOSE I N T E G R A T I O N  BEGINS = 0.0 YEARS. 
T I M E  AFTER EVENT WHEN DOSE I N T E G R A T I O N  ENDS = 50.000 YEARS. 
D U R A T I O N  O F  DOSE I N T E G R A T I O N  = 50.000 YEARS. 

NO. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

NUCL I D E  
H-3* 
B E - 7  
C - 1 4  
F-18 
N A - 2 2  
N A- 24 
S I - 3 1  
P-32 
5-35 
C L - 3 6  
u - 3 8  
K - 4 2  
C A - 4 5  
C A - 4 7  
S C - 4 6  
SC-47 
S C - 4 8  
v-48 
C R - 5 1  
MN-52 
MN-54 
MN-56 
F E - 5 5  
F E - 5 9  
CO- 5 7 
C0-58M 
CO-58 
C 0 - 6 0  
N I -59  
N 1-63 
N 1-65 
CU-64 
Z N - 6 5  

Z N - 6 9  
GA-72 
GE-71 
AS- 73 

~ ~ - 6 9 n  

T O T A L  BODY 
6.156E-05 
3 .005E-06 
5 .654E-04 
7.268E-05 
1.843E-02 
1 .696E-03 
5.776E-05 ~- ._ 

7.315E-03 
2 .597E-03 
7 .894E-03 
6 .261E-05 
8. I l l € - 0 4  
8 .752E-03 

2 .994E-06 
8.439E-08 

4 .615E-04 
3 . 4 8 1 E - 0 6  
9 .235E-04 
8.650E-04 
2 .188E-05 
3 .151E-04 
3 .621E-03 
2 . 6 0 l E - 0 4  
1.151E-05 

4 .476E-03 
1.613E-03 
4 . 3 0 l E - 0 3  
4 .837E-05 
3 .884E-05 

3 .886E-05 
1 .395E-06 
l . O l 8 E - 0 6  
9 .632E-08 
1 .150E-04 

4 .309E-03 

3 .916E-07 

1.609E-03 

6 .500E-03 

BONE 
NO DATA 
2.73 4E-06 

4.573E-04 
NO D A T A  
NO DATA 
NO DATA 

6.693E-03 
NO D A T A  
NO DATA 
NO DATA 
3.93 8E-01 

4.52 3E-06 

5.69 6E-07 

NO D A T A  
NO D A T A  
NO DATA 
NO DATA 

NO D A T A  
NO DATA 
NO D A T A  
NO D A T A  
NO DATA 
9.6 7 4E-03 
1.34 6E-01 
9.156E-04 
NO D A T A  

1.91 3E-04 
1.074E-05 
4.51 3E-06 
NO DATA 
NO D A T A  

2.82 7E-03 

1.93 0E-01 

7.203E-02 

5.77 7E-07 

5-06 6E-04 

4.526E-04 

3.04 1E-03 

MUSCLE 
NO DATA 
NO CATA 
NO DATA 
kC DATA 
NO OATA 
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO OATA 
NO DATA 
1.321 E-0 3 
NO DATA 
k O  DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
hO DATA 
NO DATA 
NO DATA 
hO OATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
N i i  DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO CATA 
5.113E-03 
2.721 E-05 
9.762E-07 
hO DATA 
10 OATA 
NO DATA 

T H Y R O I D  
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO D A T A  
NO D A T A  
NO DATA 
NO D A T A  
NO D A T A  
3 -68 5.5-0 
NO DATA 
NO D A T A  
NO DATA 
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D AT A. 

NO D A T A  
NO D A T A  
NO D A T A  

NO D A T A  
NO DATA 
NO D A T A  

NO DATA 

N n  DATA 

*One o r  more parameters taken from a source other than ICRP Publ icat ion 2. 

L I V E R  
NO DATA 
6.200E-06 
NO DATA 
NO DATA 
NO D A T A  
NO OATA 
NO DATA 
1.190E-02 
NO D A T A  
NO DATA 
NO D A T A  
6.725E-04 
NO DATA 
NO DATA 
1.035E-05 
4.2 10 E- 0 7 
1. 209 E - 9 6  
6.099E-04 

3.725E-03 
4.561E-03 
1 -233E-04 
A.341.E-03 
9 .816E-03 
1.4 7 LE- 04 
6.588E-06 
7.351E-04 
2.064E-03 
3.320E-03 
8.909E-03 
A. A 3 8 E - 0 4  
Y.683E-05 
1.494E-02 
4.376E-04 
2 . 0 AOE- 05 
6.284E-06 
3.966E-0 7 
1.066E-04 

6 NO DATA 

K I D N E Y S  
NO D A T A  

NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NL) D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
9.77 2E- 06 
3.225E-07 
7.476E-07 
1.BOtE-03 
1. U 4 E - 0 6  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NU D A T A  
6. C 6 8 E - 0 5  

2.709E-04 
7.790E-04 
NO D A T A  
NO D A T A  
NO D A T A  
2. U 0 E - 0 4  
9.99 7E-ri3 
2.664E-04 
A.302E-05 
2.392E-Oo 
4.397E-06 
1. 7bt)E-04 

6 .500E-04 

L . ~ o ~ E - D ~  

S P L t t N  
NO DATA 
1. A49E-Uo 
NU OATA 
NO UATA 
NO OATA 
NO D A T A  
N d  UATA 
Nil O A T 4  
NU UATA 
NO OATA 
Nil O r T r  
1.52*t-03 
NO 3 A T A  
No D A T A  
W D A T A  
NO U A T A  
NU 3 A T A  
9.37AE-04 
NO U A T A  
W 3 A T A  
NU 3 A T A  
Nil D A T A  
2.444E-03 

8.4Ybt- o> 
3. &DE-06 
3 .792E-U4 
A. 0JLE- 03 
tW D A T A  
NU D A T A  
NO OATA 
6.977t-04 
NO UA TA 
NJ U A T A  
NJ OATA 
L.3tbt-Uo 
NO U A T A  
NO UATA 

1. 3 9 2 E - U L  

TESTES 
NO UATA 
NO D A T A  
NO D A T A  
NO OATA 
NO OATA 
NO OATA 
5 .113E-05 
NO D A T A  
1.01 9 E - 0 2  
NO U A T A  
NO U A T A  
NU D A T A  
NO OATA 
NO D A T A  
NU D A T A  
NO D A T A  
NU D A T A  
NO U A T A  
NU D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
No D A T A  
NU D A T A  
NU D A T A  
NO U A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO U A T A  
NO U A T A  
NO D A T A  

4. A A 3 E - 0 5  
2-19 I € - 0 6  
NO U A I A  
NO D A T A  
NO U A T A  

A. I t )  z t -03 

CVAK 1 €S 
NO U A I A  
hU O A l f  
NU U P T P  
hlr U A U  
hU O b l P  
hO O A T A  
2.973 k-Lb3 
hO U P 1 9  
hb U P Z A  
hG U b X b  
hU U A Z A  
hO U A T P  
hO U A I P  
hO D b l P  
hO DPEA 
hU UATP 
hU D A I P  
NU O A Z P  
hO U P I P  
hO D A T P  
hO O A Z P  
hli U A U  
h0 U A l A  
hU UP14 
NO U f l f  
hO U P I P  
NU D P Z P  
hO U A Z C  
hlr UP19 
hll U A I J  
NO O P T &  
NU O b Z b  
1.2 A '3 L - u j  
9. A 3  9 L-u> 
Y.60 1.E-Ua 
hlr D P L P  
hO b e l 4  
NO U P I P  

P 

cn 
0 



V O .  NUCLIDE 
39 A S - 7 4  
40 A S - 7 6  
41 A S - 7 7  
42 SE-75 
43 BR-BOM* 
4 4  8R-02 
45 BR-03* 
46 BR-84* 
47 RE-06 
48 R8-87 
49 RE-804 
50 R0-894: 
51 SR-05M 
52 SR-85 
53 SR-09 
54 SR-90* 
55 SR-91 
56 SR-92 
57 Y-90 
58 Y-9lM 
59 Y-91 
60 Y-92 
61 Y - 9 3 ,  
62 ZR-93 
63 ZR-95 
6 4  ZR-97 
65 N8-93M 
66 N8-95M* 
67 NE-95 
68 NE-97 
69 MO-99 
70 TC-96M 
71 TC-96 
72 TC-97M 
73 TC-97 
74 TC-99M 
75 TC-99 
76  RU-97 
77 RU-103 
78 RU-105 
79 RU-106 
80 RH-LO3M 
81 RH-105 
82 PO-103 
83 PO-109 
04  A G - 1 0 5  
85 AG-11OM 
86 A G - 1 1 1  
87 CO-109 
88 CO-115M 
69 CD-115 
90 IN-113M 
91 IN-114U 

T O T A L  BODY 
2.902E-04 
4.492E -05 
1.206E-05 
1.903E-03 
1.379E-04 
2.450E-03 
3.939E-05 
5.344E-05 
9.674E-03 
4.240E - 03 
3.570E-05 
4.561E-06 
6.464E-06 
6.706E-03 
0.690E-03 
I. 662E-01 
2.638E-04 
8.983E-05 
2.497E - 07 
3.408E-09 
3.583E-06 
2.513E-08 
7.476E-00 
1.037E-06 
6.392E-06 
1. 561E-07 
2.507E-06 
2.538E-07 
1.78%-06 
4.646E-09 
8.141E-04 
5.654E-06 
5.063E-04 
4.664E-05 
1.047E - 05 
8.376E-06 
4.921E-05 
9.423E-06 
8.569E-05 
7.161E-06 
3.166E-04 

5.570E-05 
5.227E-05 

2.902E-05 
0.722E-05 
1.256E-05 
4.031E-05 
5.588E-05 
4.009E - 06 
4.433E-00 
4.075E-05 

4 . 3 7 6 ~ - 0 7  

4 . 4 a 5 ~ - 0 5  

BONE 
NO D A T A  
NO D P T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
1 29 3E-05 
1.297E-02 
3. A03E-01 
8.312E 00 
5.453E-03 
1.935E-03 
9.26 OE-06 
0.24 5E-08 
1.32 AE-04 
8.12 7E-07 
2.144E-05 
3.76 9E-05 
2.46 7-5-05 
1.65 9E-06 
3.75 7E-05 
5.952E-07 
4.97 6E-06 
4.87 CE-08 
NO D A T A  
1.470E-07 
A.356E-05 
7.74 8€-05 
4.97 3E-06 
5.235E-08 
1.23 OE-04 
7.84 OE-06 
1.87 OE-04 
1.67 1E-05 
2.45 OE-03 
7.55 9E-07 
1.38 3E-04 
NO D A T A  
NO D ATA 

1.55 5E -04 
5.65 4E-05 
NO D A T A  . 
NO D A T A  
NO D A T A  
1.767E-07 
4.16 5 5 0 4  

1.42 4E-05 

TABLE 4-3 (continued) 

MUSCLE 
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO DATA 
NO CATA 
1.162E-02 
7.915E-03 
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO DATA 
NG CATA 
NO D A T A  
NO D A T A  
NC D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
hO D A T A  
NO D A T A  
NO D A T A  
NG D A T A  
NC D A T A  
NO D A T A  
NO D A T A  
NO DATA 
NO D A T A  
NO D A T A  
NO D A T A  
hO D A T A  
NO CATA 
NO D A T A  
NO D A T A  
NG D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO CATA 
NO C A T A  
NO D A T A  
NO CATA 
NO D A T A  
NO CATA 
NO OATA 
hO D A T A  
NO D A T A  
NO D A T A  

T H Y R O I D  
NO D A T A  
NO U A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
hO D A T A  
NO D A T A  
NU D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
N J  D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
3.424E-08 
1.94LE-05 

*One or more parameters taken from a source other than ICRP Publication 2 .  

LiVER 
2.50 E - 0 4  
4.695E-05 
A.490E-05 
4.863E-03 
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
2.0496-02 
A.222E- 02 
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NU D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
No D A T A  
NO D A T A  
NO O A T A  
NO D A T A  
2.125E-06 
9.117E-06 
3.428E-0 7 
1.0 14E-0 5 
4.43 1E- 0 7 
3.390E-06 
A 266E-0 8 
4.3 1 2 E - m  
1.397E-06 
1.573E-04 
1.339E-04 
3.i58UE-05 

A .  824E- 0 4 
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
7.2011E-07 
9.174k- 05 
4.tl89E-04 
1.992E-04 
4.126E-05 
1.543E-04 
2.45 7€- 0 5 
1.A47E-03 
I. 749E-03 
1.045E-04 
1.85AE-U7 
L.95OE-04 

5 .65 t l~ -az  

K I UN E Y S 
4 236E- 04  

2.6A4E-05 
7. i06E-O3 
NO D A T A  
NO D A T A  
NO D A T A  
NU D A T A  
NO D A T A  
NO D A T A  
N O  D A T A  
Nu0 D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NU D A T A  
NO D A T A  
NO D A T A  
NU D A T A  
kO D A T A  
NU D A T A  
NO D A T A  
NO D A T A  
9.674E-00 
1.326E-Os 
5.204E-07 
1. ltl8E-05 
4.556E-07 
3.274E-06 
1.4Y5E-08 
1.OA1E-02 
1.047E-U5 
2.009E-03 
A. 759E-03 
4.8d6E-0+ 
7.94 DE-06 
2.296E-03 
1.467E-04 
7 .734E-G4 
L.ZA6E-04 
4.7266-03 

4.01 OE-04 

A. 149E-03 
8.599E-05 
3.A76E-04 
7.23lE-05 
A. 10AE-03 
1.4AtE-03 
7.524E-05 
Z . 7 A l E - 0 7  
4.907E- 04  

a . ~ ~ L I E - U ~  

3. O O ~ E - U ~  

3 . L 7 5 ~ - 0 3  

SPLEEN 
NU D A T A  
NO U A T A  
NU O A T A  
2. s33t -Uj  
NO 3 A T A  
NO O A T A  
N J  U A T A  
NO O A T A  
A. 7J jk -OL 
7*913€-U1, 
NJ U A T A  
Nc) O A T A  
NU U A T A  
NU O A T A  
NO O A T A  
NO D A T A  
NO U A T A  
NL) U A T A  
NU 3 A T A  
NO OAT& 
Nd U A T A  
NO U A T A  
NO 3 A T A  
5.d05E-00 
7. Y5ot-00 
3. L 2 L k - 0  2 
L. L23t-02 
3.5Lbt-07 
2.642k-JO 
A.L!44k-Oo 
NO J A T A  
NU O A T A  
M O A T A  
NO J A T A  
NU U A T A  
NU OATA 
NO U A T A  
NU U A T A  
NO D A T A  
NO U A T A  
NU J A T A  
2.il02E-uo 
2. b 3 o t - U 4  
4.76YE-04 
2. L27E-0+ 
NO O A T A  
NU U A T A  
No O A l A  
NO D A T A  
NO O A T A  
NU U A T A  
2.7LAE-UZ 
4. do&-04 

T E S T E S  
NU U A T A  
NO U A T A  
NO U A T P  
NJ D A T A  
NO U A T A  
NU O P T P  
NO D A T A  
NO u A T A  
NU D A T A  
NU O A T A  
NO D A T A  
NU U A T A  
NU D A T A  
NO D A T A  
NO U A T P  
NO D A T A  
NO U A T P  
NO O A T P  
NO D P T A  
NJ D A T A  
NO U A T P  
NO U A l b  
NO D A T P  
NO O P T &  
NO U A T A  
NO DPJP 
NU U A T A  
NO u A T A  
NO D P T A  
Nu0 U P T A  
NO u A T A  
NO D A T A  
NU D A T A  
NO U A I A  
NO D P T A  
NO D A T A  
NO O A T A  
NU DATP 
NO D A T P  
NO U P T A  
Nil  U A T P  
NU DPTP 
NO D A T A  
NO D A T P  
NU D A T A  
NO U A T A  
NO U A T P  
NO U A l A  
NO D A T P  
NU D P T A  
NO I r A T A  
NU D A T A  
NU O A l A  

LV NU A N I € : ,  U P T P  

hO U P I C  
hIr U P U  
hlr D P Z P  
hO O P I P  
hb OPZP 
ku OAKP 
AO u P J e  
hU U P L P  
hu D b 3 &  
hO U P Z P  
hU U A T P  
Euo U P I P  
hC U A U  
hU U I I Z A  
hU U P l P  
hJ 3 A 3 P  
hU U b l P  
hu U P U  
hG O P I P  
hU U P 1 4  
hL U P 3 P  
hU U P l &  
hU U P T A  
NU O P 3 P  
hO U P 1 4  
hb O P Z A  

hO 3 P I P  
hU D P I P  
hLi D A Z P  
hU U P I P  
hl, OPTP 
hO U P U  
hU UPZP 
hU D P J P  
h& O P I A  
NO JA3P 
hL OPT.& 
hO 9 A J P  
hO Ub&A 
Nu O A Z b  
NO U P X P  
hL) Ob14 
NO UP3.P 
hG UAld 
hD D P J P  
hO UATP 
NO U A Z P  
hL uP3.b 
hl, 0 b I A  
hU D P J P  
hu UAJP 

P 

tn 
I.- 

ha U P U  



NO. NUCLIDE 
92 IN-115H 
93 IN-115 
94 S N - 1 1 3  
95 W-l19M* 
96 SN-1230 
97 SN-125 
98 58-122 
99 58-124 

100 SB-125 
101 TE-125M 
102 TE-127M 
103 TE-127 
104 TE-l29H 
105 TE-129 
106 TE-13lM 
107 TE-132 
108 I-126* 
109 I-129* 
110 I-L30* 
111 I-131* 
112 I-132* 
113 I-133* 
114 1-1340 
115 1-1350 
116 CS-131 
117 CS-134M 
118 CS-134 
119 CS-135 
120 CS-136 
1 2 1  CS-137 
122 CS-138* 
123 BA-131 
124 BA-140 
125 LA-140 
126 CE-141 
127 CE-143 
128 CE-144 
129 PR-142 
130 PR-143 
131  NO-144 
132 NO-147 
133 NO-149 
134 PM-147 
135 PH-148H* 
136 PM-148* 
137 PM-149 
138 94-147 
139 94-151 
140 SH-153 
141 EU-152M 
142 EU-152 
143 EU-154 
144 EU-155 

TOTAL BODY 
1.034E-07 
1.709E-05 
4.523E-04 
9.804E-05 

3.691E-04 
6.697E-05 
I. 156E-03 
4.071E-04 
4.71lE-04 

2.387E-05 
2.879E-03 
1.3 O8E -05 

1.293E-03 
2.914€-03 
9.3183-03 
8.789E-04 
3.501E-03 
1.727E-04 
7.651E-04 
5.654E-05 
3. 8 l lE -04  
2.657E-04 
2.586E-05 
7.406E-02 
4.837E-03 
7.486E-03 
4.324E-02 

1.950E-04 
1.288E-03 
3.342E-07 
6.596E-07 

2.600E-05 

4.523E-07 
1.374E-03 
4.649E-07 
9.559E-09 

6.079E-06 
5.994E-07 
1.244E-07 
1.580E-03 
2.836E-06 
6.125E-08 

3.863E-05 
7.78%-05 
5.26OE-06 

7.432E-04 

1.089E-03 

4.816E-04 

6.213E-05 

1.351E-07 

7.120E-08 

2.767E-06 

3.501E-08 

BONE 
5.005E-07 
1.72 5E-04 
7.76 9E-03 
3.887E-04 
3.022E-02 
8.74 5E-03 
2.29OE-04 

1.753E-03 
2.456E-03 
8.308E-03 
1.12 7E-04 

3.43 9E-05 
7.51 3E-04 

NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 

2.66 8E-05 
4.97 5E-02 
1.935E-02 
3.58 8E-03 
8.091E-02 
NO DATA 
3.95 OE-04 

1.900E-06 
7.88 7E-06 
1.587E-06 
4.809E-04 
1.30E-06 

2.74 5E-03 

1 233E-02 

2.16 5E-03 

6.62 1E-05 

1.64 7E-02 

9.11 3E-06 
5.496E-02 
5.746E-06 
1.43 OE -07 

1.944E-05 
7.09 7E-06 
1.53 .?E-06 

6.868E-05 
7.9QlE-07 

1-92 BE-04 
1.213E-03 
4.633E-05 

7.31 1E-05 

6.320E-02 

4.154E-07 

MUSCLE 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO OATA 
NO DATA 
NC DATA 
NO DATA 
NO DATA 
NO DATA 
NO CATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO CATA 
2.636E-04 
3.303E-0 5 
1.290E-01 

7.559E-03 

NO DATA 

1.070 E-05 
NO DATA 
NO DATA 
kO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
hO DATA 

NO RATA 
NO DATA 

NO DATA 
NO DATA 
NG DATA 
NO RATA 

9.029E-03 

7.956E-02 

1 6 01 E-06 

No DATA 

AQ DATA 

TABLE 4-3 (continued) 

T H Y R C I D  

4.186E-06 
A .26 1E-04 
l.7OlE-05 

1.43 LE-04 
3.113E-06 
7.144E-06 
1.847E-06 
7.860E-04 

8.135E-05 
4.423E-03 
2.803E-05 
6.953E-04 
1.627E-03 
2.058E 00. 
7.476E 00 
2.77 4E-0 1 
1.884E 00 
6.924E-02 
5.117E-0 1 
3.245E-0 2 
1.595E-01 
NU DATA 
NO DATA 
No DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 

NO DATA 
NO OATA 
NO DATA 

NO DATA 
NO D A T A  
NO DATA 
NO D A T A  
NO D A T A  
NO D A T A  
NO DATA 
NO D A T A  
NO D A T A  
NO D A T A  
NO DATA 

NO D A T A  
NO D A T A  
NO DATA 
NO D A T A  

a .9 i 2 ~ - 0 8  

4.2ra~-o4 

2.2a1~-03 

NO D A T A  

NO DATA 

Nn DATA 

*One or more parameters taken fm a source other than ICRP Publication 2. 

L I V E R  
4.58 7E-07 
1.19OE-04. 
2.132E-04 
4.472E-05 
5.033E-04 
1.702E-04 
4.506E-06 
S. 473E-0 7 
2.14LE-05 

3.173E-03 
4.035E-05 
5.725E-03 
1.605E-05 
52018E-04 
1 -375.E-03 
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NQ D A T A  
NO D A T A  
NLJ DATA 
NO D A T A  

1 20 7E-03 

6.5 1 a€- 04 
5.885~-05 
1.393E-01 
1.793E-02 
1.204E-0 2 
1.101.5-01 
NO DATA 
2.826E-06 
2.28lE-05 
1.195E-06 
5.626E-06 
1.209E- 06 
2.04bE-04 
5-58 7E-0 7 
3.642E- 06 
5.648E-03 
6.898E-06 
1.771E-07 
6.836E-06 
7.765E-06 
1.19OE-06 
2 SQ4E-0 7 
6-490E-03 

7.61 LE-07 
2.908E-07 

1.149E-04 
1.075€-05 

1.179E-05 

4.4ia~-05 

KIUNEYS 
7.05SE-0  7 
1. 99 ?E-04 
NU DATA 
N O  DATA 
N O  DATA 
NO DATA 
NU DATA 
NO UATA 
NO DATA 
1 360E-02 
3.596E-OL 
4.573E-04 
6. C98E-02 
1.694E-04 
4.149E-03 
1.3t30E-0.2 

NO D A T A  
NO DATA 
NU D A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
4.104E-04 
3.493E-05 

6.772E-03 
7.085E-03 
3.796E-02 
NO DATA 
8.379E-07 
7.47CE-06 
NO D A T A  

5.329E-07 
1.213E-04 
3.166Ey07 

1.603E-02 
4.~03E-06 
9.834E-0d 
1-29 1E- 05 
1.177E-05 
2.143E-06 
4.51 5E- 07 
7.376-03 
1-324E-05 
2.382E-07 
1-97 E- 07 

6.572E- 04 
2.66 4E-05 

4.495E-02 

L 638E-00 

2 -11  LE-06 

2 06 1E-04 

SPLEEN 
7. U55.E-07 
1.595E-O* 
NU OAT* 
NU DATA 
NO U A T A  
NO OATA 
NU OATA 
NO OATA 
No U A T A  
3.4LUE-03 
8.99 OE -01) 
L -143E- 04 
1 .524E-OL 
4.L36E-02 
1. L74E--i13 
3. C I I l E - 0 3  
NO D A T A  
NU U A T A  
ND DATA 
NO OATA 
W U A T A  
NO d A T A  
NO U A T A  
NU U A T A  
4.ooYE-04 
4.1L9E-u5 
S. dd9E-02 
A. 5tiuE-02 
8. 147E-03 
ti. 16dE-OL 
NO OATA 
A. 043E-0b 
9. 3oi E- o b  
No UATA 
NO O A l A  
NU OATA 
NO UATA 
NO UATA 
NJ DATA 
NO U A T A  
UJ OATA 
Nu DATA 
Nu UATA 
Ni) DATA 
W OATA 
NO OATA 
Nil OATA 
NO UATA 
No J A T A  
No OATA 
NO DATA 
NO OATA 
NO U A T A  

T E 5 T E S  
NU D A T A  
NO U A l A  
NO D A I A  
NU D A T A  
NU 0 A l A  
NU D A T A  
NU D A T A  
NU U A l A  
NO DATA 
3.023E-03 
9.798E-U3 
I . ~ & t E - 0 4  
I .  51 7E-02 
4.2U5E-05 
NU U A T A  
L.YUSE-03 
NO U A T A  
NO U A l A  
NO U A T A  
NU D A l A  
NO D A T A  
NO U A l A  
NO D A l A  
NO D A T A  
NO U A T A  
NO D A T A  
NU D A T A  
NO UATA 
N u  D A T A  
IYO D A T A  
NO D A l A  
NO D A T A  
NU O A l b  
NO U A l A  
NO D A T A  
NU D A T A  
NO U A T A  
NO D A T A  
NO D A T A  
NO U A l A  
NO D A T A  
kU U A T A  
NO D A T A  
NO D A T P  
NO D A l A  
NO D A T A  
NO U A l A  

NO U A l A  
NO D A T A  
NU D A T A  
NO D A T b  
NO D A T A  

NO U A T A  

P 
I 
\o 
N 



TABLE 4-3 (continued) 

NO. NUCLIDE 
145 GO-153 
1 4 6 ,  60-159 
1 4 7  T B - 1 6 0 ~  
148 DY-165 
1 4 9  DY-166 
150 HO-166 
1 5 1  ER-169 
1 5 2  ER-171 
153 TM-170 
1 5 4  Y8-175 
155 LU-177 
156 HF-181 
157 TA-182 
158 W-181 
159 W-185 
1 6 0  W-187 
1 6 1  W-188* 
162 RE-183 
1 6 3  RE-186 
1 6 4  RE-187 
1 6 5  RE-188 
166 05-185 
167 OS-19lM 
168 OS-191 
169 OS-193 
1 7 0  IR-190 
1 7 1  IR-192 
172 IR-194 
173 PT-191 
1 7 4  Pi-193M 
1 7 5  PT-193 
1 7 6  PT-197M 
1 7 7  PT-197 
178 AU-196 
179 AU-198 
1 8 0  AU-199 
1 8 1  HG-197M 
182 HG-197 
183 HG-203 
1 8 4  TL-200 
185 TL-201 
1 8 6  TL-202 
187 TL-204 
188 P8-203 
189 P8-204MS 
190 Pa-210 
191 P8-212 
192 81-206 
193 81-207 
1 9 4  81-210 
195 B I - 2 1 2  
196 PO-210 
197 AT-211 

TOTAL BODY 
2.937E-06 
2.827E-08 
5.874E-06 
5.180E-09 
2.812E-07 
8.062E-08 
3.603E-07 
2. ALOE-08 
3.809E-06 
6.868E-08 

2.251E-06 
8.753E-06 
2.094E-05 
1.466E-05 
3.560E-05 
8.899E-05 
8.041E-04 
4.973E-04 
4.397E - 05 
3.149E-04 
1.068E-04 
2.827E-06 
3.015E-05 
3.183E-05 
2.905E-04 
1.820E-03 
6.445E-05 
1.979E-04 
2.356E-05 
1.081i-04 
3.225E-06 
1.987E-05 
2.601E-04 
1.579E-04 
5.842E-05 
2.144E-04 
1.6OOE-04 
1.6 1 OE -03 
1.734E-04 
1.522E-04 
6.266E-04 
5.889E-04 
3.999E-05 
5.275E-06 
5.226E-01 
3.022E-03 
5.277E-05 
5.235E-05 
2.618E-04 
3.650E-05 
8.638E-02 
1.916E-02 

1. 193E-07 

BONE 
2.760.5-05 
2.65 OE-07 
4.69 9E -0 5 
9.14 cE-08 
a. 33 O E - O ~  
2.5 0 6E-06 
3.389E-06 
3.89 5E-05 
1.307E-04 
1.76 8E-06 
3.652E-06 
4.99 7E-06 
1.71 7E-05 

3.98 7E-04 
9.23 5E-05 

9.502E-06 
1.71 5E-04 
1.13 6E-05 
1.205E-04 
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NO D A T A  
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NO D A T A  
NO D A T A  
NO DATA 
NO D A T A  
NO DATA 
NO D A T A  
NO DATA 
2.41 2E-05 
2.41 9E-04 
1.08 3E-03 
2.38 2E-03 
2.31 7E-05 
3.05 1E-06 

2.92 a ~ - o 5  

2.228E-03 

1 . 4 5 0 ~  01 
3.77 a ~ - o 2  
5.8086-06 
9.95 1E-06 
4.523E-04 
5.42 2E-05 
3.51 BE-01 
NO DPTA 

MUSCLE 
NO DATA 
NO DATA 
NG DATA 
hC DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
hO DATA 
NO DATA 
NG DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO CATA 
hO OATA 
hO DATA 
k0  DATA 
NO DATA 
hO DATA 
NO DATA 
NO OATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
1.759 E-04 

8.466E-04 
8.062 E-04 
NO DATA 
h0 DATA 
NO DATA 
h a  DATA 
hO DATA 
NO DATA 
NO DATA 

NO CATA 
NO DATA 

i . a 9 4 ~ - 0 4  

h;a C A T A  

THYROID 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO U A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO OATA 
NO DATA 
NO UATA 
NO DATA 
N U  DATA 
NO DATA 
1.26 5 5 0 4  
7 .&49E-0 3 
4.617E-04 
5.849E-03 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NU DATA 
Nil DATA 
NO DATA 
NO DATA 
NO DATA 
NO OATA 
NO DATA 
NO DATA 
NU DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO OATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
2.012.5 00 

LIVER 
1.997E-06 
1.280E-07 
NO DATA 

o.860E-07 

2.61 ME- 0 7 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
2.419E-05 
6.374E-05 
8.7 77 E- 0 5  
L.376E-04 
Y.105E-03 
8.748E-0 4 
2.522E-04 
2.37 7E-04 
3.621E-05 
1.L46E-04 
2.600E-04 
4.394E-0 6 
8.484E-05 
6. Sb3E-05 
1.317E-03 
1.190E-02 
6.184E-04 
2.78 OE-05 
3.532E-06 
1.3 1 1 E-O 5 
9.850E-07 
5.960E-06 
1.992E-04 
2.049E-04 
6. Y50E-03 
8.38 OE- 0 4 
5.672E-04 
8.384E-03 
1.428E-04 
1.966E-04 
8.148E-04 
1.078E- 03 
5.628E-0 5 
7.65lE-06 
4.138E 00 
A. 008E-OL 
2.328E-04 
4.336E-04 
3.A95E-03 
2.254E-04 
7.588E-0 1 
NO DATA 

9.zn6~-09 

1.963~-07 

KAUNEYS 
NO D A T A  
NO D A T A  
1.S35E-05 
NU D A T A  
NO D A T A  
3.708E-07 
& 634E-0 7 

1.5L8E-05 
6 .967~-on 

7.31 2E-0 7 
2.619E-07 
5.252E-06 
2 .YO 2E-05 
NU OATA 
NU DATA 
N U  DATA 
NO D A T A  
NO D A T A  
NU D A T A  
NO DATA 
NU U A T A  
1 . 4 6 t E - 0 3  
2.47 E - 0 5  
5.106E-04 
4.642E-04 
1. L80t-01) 
1.649E-02 
6.946E-04 
1.55%-03 
1.79trE-04 
L C 5  2 t - 0 3  
6.a40t-05 
4.158€-04 
6.C4bE-04 
8.113E-U4 
L. 726E-04 
1.075t-02 
6. L82E-03 
A.048E-01 
7.085€-04 
1. 298E-01) 
2.934E-U3 
9. B33E-03 
3.64 AE- 04 
5.052E-05 
1.207t 01 
n. IO~E-OL 
1 . 3 1 ~ - 0 3  
1.451E-03 
4.178E-OL 
2.524E-6, 
2.472E 00 
NL) OATA 

SPLEEN 
NU U A T A  
W UATA 
NO UATA 
NO UATA 
No UATA 
NO UATA 
NU DATA 
Nu OATA 

NU OATA 
NU UATA 
6.31At-02 
1. o71E-Os 
NO OATA 
NU OATA 
NU UATA 
W UATA 
Nu D A T A  
NU DATA 
NO UATA 
lui) UATA 
NO U A T A  
No OATA 
NU OATA 
NO UATA 
1. L37k-U3 
1.4bbE-UL 
6. L74t-U4 
2.494E-U4 
2.t171E-02 
3. Ld3E-Ou 
1. UY'rt--U:, 
o.023t- U> 
2.01>t-u4 
L. 7rr4k-04 
9. JddE-Us 
i.4m56-03 
8. tu*€-04 
1. L OLk- J L  
NL) OATU 
NJ UATA 
Nd OaTn 
Nd U A T A  
NO U A T A  
NU U A T A  
NJ 3kTA 
Nd UATA 
1. LU3E-UY 
1.61Lk-04 
L.4YLE- 03 
l . o d 3 t - 0 4  
L.L27t  UU 
2 . o d ~ t - 0 1  

NI) O A T a  

TESTES 
NU U A T A  
NO U A T A  
NO D A T A  
NU OAT)  
NU I r A T A  
NO U A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NU D A T A  
NO OATA 
NO D A T A  
NO NO D A T A  U A T P  

NO U A T A  
NO OATA 
NO D A T A  
NO U A T P  
N U  UATA 
NO U A T P  
NO D A T A  
NO U A T A  
NU OAT& 
NO U A T A  
NO U A T A  
NU D A T A  
NU U A T A  
NU U A T A  
N J  O P T &  
NO DATA 
NU U A T A  
NU U A T P  
NU D A T A  
NLI U A T A  
NU V P T A  
NU D A T A  
NO UATA 
NU OATA 
NU D A T A  
NO U A T A  
NU U A T A  
NU D P T A  
NO OATA 

NO D A T A  
NU U A T A  
NU OATA 
NU D A T A  
NO U A T P  
NO D A T A  
IYO U A T P  
NO U A T A  

NO D A T A  

NU V A T P  

CVARIES 
NU U A J A  
hO up34 
ho uaT.4 
hlr O P l P  
kO U P U  
hU U P T d  

hO U b l A  
hO LIPSA 
hb U b Z A  
hO U P I P  
hO U P Z b  
hU OPZA 
hb U P I P  
h~ U P I P  
hG U P Z P  
hO U P T d  
hLI U P 1 4  
hO 0 A I . b  
hO U A T P  
hO U A J P  

hO U P U  
hU U P Z P  
NU U P 1 0  

hlr O P T 0  
hO U P Z O  
hO D A Z P  
hlr OPSA 
NO UPSP 
hiJ O P J P  
hU bAJP 
1\10 u A I P  
kO U P J P  
htO O P S P  
hU O P Z I  
NU 043.4 
kU U P S P  
hO U A Z P  
hO U P 1 0  
hii U P T P  
hG U P T P  
hLI U4J.P 
hU U P T P  
hG O P J P  
hU U P T P  
hU U P Z P  

hiU U P J P  

hli U P J A  
3.323 E-u 1 

EIU o p u  

ha U P S &  

hu m u  

h~ uas.4 

MJ U a i P  

P 

ID 
W 

*One or more parameters taken from a source other than ICRP Publication 2 .  



TABLE 4-3 (continued) 

NO. NUCLIOE 
198 RA-223 
199 RA-224 
200 RA-226 
201 RA-228 
202 AC-227 
203 AC-228 
204 TH-227 
205 TH-228 
206 TH-230 
207 TH-231 
208 TH-232 

210 PA-230 
211 PA-231 
212 PA-233 
213 PA-23W 
214 U-230 
215 U-232 
216 U-233 
217 U-234 
218 U-235 
219 U-236 
220 U-237 
221  U-238 
222 NP-237 
223 NP-239 
224 PU-236 
225 PU-238 
226 PU-239 
227 PU-240 
228 PU-241 
229 PU-242 
230 PU-243 
2 3 1  PU-244 
232 AM-241 
233 AM-24W 
234 AM-242 
235 AH-243 
236 AM-244 
237 CM-242 
238 CH-243 
239 CM-244 
240 CM-245 
241 CH-246 
242 CM-247 
243 CM-248 
244 CM-249 
245 8K-249 
246 8K-250 
247 CF-249 
248 CF-250 
249 CF-251 
250 CF-252 

209 TH-234 

TOTAL BODY 
5.189:-01 
2.023E-01 

1.662E O A  

6.261E-06 
3.853E-04 
1.664-E-02 
5.701E-02 

7.364E-02 

1.075E-04 
1.595E-01 

3.225E-08 
6.303E-02 
2.932E-01 
5.235E-02 , 

5.13OE-02 
4.816E-02 
4.921E-02 
1.092E-05 
4.502E-02 
5.542E-02 
7.075E-08 
1.094E-02 
1.722E-02 
1.911E-02 
A. 908E-02 
3.055E-04 
1.841E-02 

2.109E-02 

5.485E-02 
4.693E-06 

3.110E 01  

1.104E-01 

2.017E-08 

2.296E-06 

9.180E-07 

2.417E-09 

5.422E-02 

5.300E-02 
8.338E-08 
1.352E-03 
4.106E-02 
2.980E-02 
5.765E-02 
5.765E-02 
5.662E-02 
4.666E-01 
2.396E-08 
3.449E-05 
2.399E-07 
2.090E - 02 
6.632E - 03 
2.085E-02 
5.231E-03 

BONE 
5.1453 00 
1.601E 00 
3.021E 02 
A.25CE 02 
1.871E 00 
7.92 2E-05 
1 33 5E-02 
4.92 7E-0 1 

4.392E-07 
2.298E 00 
7.94 BE-0 5 
2.66 9E-03 
4.104E 00 
5.293E-06 
1.583E-07 
4.042E-01 
4.146E 00 
8.638E-01 
8.292E-01 
7.94 7E-01 
7.94 7E-0 1 
2.97 3E-05 
7.601E-01 
1.368E 00 
1 07 6E-06 
3.86 3 5 0 1  
6.846E-01 

2.043E 00 

7.871E-01 
7.86 1E-01 

7.296E-01 
1.045E-07 

A. 48 BE-02 

8.52 2E-01 
6-21 1E-01 
8.27 E-01 
5.86 6E-05 

1.184E-06 
8.189E-01 

2.03 7E-02 
7.08 3E-Dl 
5.02 5E-01 
1.02CE DO 
1.019E 00 
9.85 OE-01 
8.19CE 00  
3.732E-07 
1.452E-03 

8.44 5E-01 
2.653E-01 
8.282E-01 
2. A9 5E-01 

9.76 5E-Ob 

RUSCLE 
NO DATA 
kG DATA 
NO DATA 
NO O A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
hO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO OATA 
NO DATA 
NO DATA 
NO DATA 
No DATA 
NO DATA 
NO OATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO OATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NO OATA 
NO DATA 
NO DATA 
NO DATA 
kO DATA 
NO OATA 
NO D A T A  

THY R 01 0 
NO D A T A  
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO O A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 

NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
40 DATA 
NO DATA 
NO D A T A  
NO DATA 
NO D A T A  
NO D A T A  
NO DATA 
NO D A T A  
NO D A T A  

NO DATA 

*One o r  more parameters taken from a source other  than ICRP Pub l i ca t i on  2. 

LIVER 
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
2.536E-0 1 

2.419E-04 
8.34lE-03 
1.174E-0 A 
3.690E-08 
A.003E-0 1 
4.675E-Ob 
NO OATA 

3. A39E-05 

1 543E-0 1 
A.063E-06 
3 561E-08 
NO OAT& 
NO OATA 
NO OATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 

1.105E-07 
1. A9 1E-0 A 

3.315E-02 
9.668E-02 

1 06 1E-0 1 
7 -590E-04 
A.02AE-0 1 
1.00YE-0tr 
NO DATA 
2.853E-0 A 
2.782E-0 1 

2.775E-02 
5.432E-07 

1-06 AE-0 A 

6 341E-05 

2 0 75 E-02 
2 5 7 0 E- 0 1 
2.1 b8E-02 
2.854E-01 
2.854E-01 
2.803E-01 
2.311E 00 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 

KIWEYS 
NO D A T A  
NO DATA 
NO D A T A  
NO DATA 
7.984E-02 
3.493E-06 
A .311€-03 
4.b38E-02 
5.641E-01 
A 830E-07 
4.818E 00 
2.649E-05 
5.189E-04 

4.016E-06 
1.34 1E-07 
8.183E-01 
4.434E-01 
2.01 5E-0 1 
A.475E-01 
1. b54E-01 

1.40%-04 
A. 733E-01 
4.122E-01 
3.58tE-07 
2.509.502 
7.305E-02 
8.117E-02 
8.  LAZE-02 
1.4635-03 
7.81 1E-02 

8 94QE-02 

4.02%-01 

8.648~- o A 

i . a g > ~ - o i  

i . i 2 a ~ - o a  

4.06%-01 

3 20 iE-05 
3.997E-01 

6. A5 1E-03 
A. 9AbE-01 
A. 39 A€-01 
2.b90E-01 
2.690E-01 

5.805~-07 

2 642E-OA 
2.178E 00 
NU DATA 
NO DATA 
NO DATA 

NO OATA 
NO D A T A  
NO DATA 

NO D A T A  

SPLEEN 
NO J A T A  
NL) UATA 
NO U A T A  
NO UATA 
NO U A T A  
NO J A T A  
NU DATA 
NO U A T A  
NU D A T A  
Nc) DATA 
NO D A T A  
NO O A T A  
NU D A T A  
NO UATA 
NO O A T A  
NO DATA 
NO UATA 
NO J A T A  
NU UATA 
NO J A T A  
NO U A T A  
NJ OATA 
NO D A l A  
NO O A T A  
NO U A T A  
NO U A T A  
NO UATA 
NU UATA 
NO OATA 
NL) UATA 
NO O A T A  
NO UATA 
NU D A T A  
NU UATA 
No U A T a  
NU DATA 
NU UATA 
NO OATA 
No DATA 
NO UATA 
NO D A T A  
No DATA 
NO OATA 
NU DATA 
NO D A T A  
NO D A T A  
N DATA 
NU D A T A  
NO J A T A  
NO J A T A  
NU O A T A  
NO dATA 
NU U A T A  

TESTES 
iYU O.ATA 
NO U A T A  
NO D A T A  
NO DATA 
NO U A T A  
NU D A T A  
NU UATA 
NO u A T A  
NO DATP 
NU D A T P  
NO UATA 
NO DATA 
NU D A T A  
NO D A T A  
NO O A T P  
NO D A T A  
NO DATA 
NO #ATP 
NO DATA 
NO U A T A  
NO DATP 
NO D A T A  
NO DPTP 
NO DATP 
NU D A T A  
rYU D A T A  
NO U A T A  
NO UATA 
NO D A T A  
NU UATA 
luO O A T A  
NU DATA 
NO O A T A  
NO O A T P  
NO D A T A  
NO DATP 
NO DATA 
NO D A T A  
NU D A T P  
NO DATP 
NO UATP 
NO DATA 
NO D A T A  
NO UATA 
NU D A T A  
NO UATA 
NO DATP 
NO DPTA 
NO UATP 
NU UATA 
NU UATA 
NO DATA 
NU UATA 

CVAHIES 
kU UPJA 
hC U P 3 . P  
kU U A I P  
hU O A I A  
NO UA3P 
hO U P L P  
110 QPJP 
hO O P I P  
kO DATA 
hO O P I P  
hO 0AZD 
hO O A 3 A  
hU U P Z P  
hO U P J A  
hO UPZA 
IYO DPS& 
lU0 U A I P  
hO U P T A  
tv0 U P I P  
IYO U P J P  
kD O P I P  
hO uAIA  
hi) D A U  
hLi O P 3 P  
klr O P S P  
NO U P J P  
hU UhJb 
hO U P 3 4  
EUO U P T . 4  
hlr U P 3 h  
tv0 U P Z A  
hU U P U  
hU D N A  
hD U P Z P  
hU U A T P  
hlr O A S A  
hO U P 3 4  
hill D P I l  
kU DP1.P 
hlr UAIA 
hir O P Z P  
hU D N A  
hd OP3.P 
hU U P J A  
NU U P Z P  
hi0 O P I P  
IYU O P T A  
hlr U A L A  
hO U P L P  
hU O P S A  
tvlr U P L Y  
hO U P T P  
hO D P J A  

f 
10 
P 



TABLE 4-3 (continued) 

NO. N U C L I D E  
251  CF-253 
252 CF-254 
253 €5-253 
254 ES-254M 
255 €5-254 
256 €5-255 

258 FH-255 
259 FN-256 

257 ~ n - 2 5 4  

TOTAL BODY 
4.127:-05 
6.684E-03 
4.586E-05 
6.533E-06 
1.794E-03 
7.067E-05 
5.593E-07 
2.111E-06 
1.255E-05 

BONE 
1.67 4E-03 
2.66 CE-01 
1.85 9E-03 
2.654E-04 
7.43 1E-02 
2.86 5E-03 
2.27 3E-05 

5.02 1E-04 
a. 55 

MUSCLE 
NO DATA 
NO DATA 
hC DATA 
FrG DATA 
NO DATA 
kO DATA 
NO DATA 
NO OATA 
NO DATA 

T H Y R O I D  
NO DATA 
NU DATA 
NO DATA 
NO D A T A  
NO DATA 

NO DATA 
NO DATA 
NO DATA 

D A T A  

L I V E R  
NO U A T A  
NO DATA 
NO D A T A  
NO D A T A  
NO DATA 
NO DATA 
NO OATA 
NO D A T A  
NO DATA 

KIWEYS 
NU D A T A  
NO UATA 
NO D A T A  
NU D A T A  
NO DATA 
NO D A T A  
NU DATA 
NO DATA 
NO DATA 

Y L E k N  
No UATA 
NU UATA 
No U A T A  
No J A T A  

IYI) OATA 
Nu DATA 
NO J A T A  

NU u A T A  

NU J A T A  

T E S T E S  
NU U A T A  
NO D A T A  
NU D A T A  
NO D A T A  
NU U A T A  
rYU D A T A  
NU D A T A  
NO UATA 
IUO D A T A  

C V A H I L S  
hU hU D A I A  U P J A  

hG U P I P  
hu O P L P  
hG U P L A  
N b  D A T C  
hu DAI,A 
hC1 UATP 
NU D A T &  



TABLE 4-3 (continued) 

NO. NUCLIDE 
1 H-3* 
2 B E - 7  
3 C-14 
4 F-18 
5 NA-22 
6 NA-24 
7 Si-31 
8 P-32 
9 s-35 

10 CL-36 
11 CL-38 
12 K - 4 2  
13 CA-45 
14 CA-47 
15 SC-46 
16 SC-47 
17 SC-48 
18 v-48 
19 CR-51 
20 HN-52 
21 HN-54 
22 MN-56 
23 FE-55 
24 FE-59 
25 CD-57 
26 CD-58M 
27 CD-58 
28 CO-60 
29 Ni-59 
30 NI-63 
31 NI-65 
32 CU-64 
33 ZN-65 
34 ZN-69M 
35 ZN-69 
36 GA-72 
37 GE-71 
38 AS-73 
39 AS-74 
40 AS-76 
41 AS- 77 
42 SE-75 
43 BR-80M* 
44 8R-82 
45 8R-83* 
46 BR-84* 
47 R8-86 
48 R8-87 
49 R8-88* 
50 R8-89* 
51  SR-85H 

LUNGS 

SOLUBLE 
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
N3 D A T A  
NO D A T A  
4.281E-04 
ND D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
Ni) D A T A  
NO DATA 
N3 DATA 
NO D A T A  
NO D A T A  
NO D A T A  
NO DATA 
5.459E-06 
NO D A T A  
NO D A T A  
NO D A T A  
7.803E-04 
2.74OE-03 
NO D A T A  
NO DATA 
NO DATA 
N3 D4TA 
NO D A T A  
NO D A T A  
NO D A T A  
NO O A T A  
NO D A T A  
NO DATA 
N3 DLITA 
ND DATA 
NJ D A T A  
NO DATA 
NO D A T A  
N3 DATA 
N3 D A T A  
NU D A T A  
NO DATA 
NO DATA 
N3 DATA 
NO DATA 
NO D A T A  
NO DATA 
NO DATA 
NO D A T A  
NO D A T A  

G . I .  TRACT 

SOLUBLE 
NO DATA 
9.702E-04 
2.156E-04 

6.468E-03 
9.702E-03 
2.156E-03 
2.156E-02 
3.881E-04 
1.940E-03 
4.851E-03 
6.468E-03 
4.851 E-03 
2.426E -02 
4.85 1E-02 
2.156E-02 
6.468 E-0 2 
6.468E-02 
9.702E-04 
6.468 E-02 
1.940E-02 
1.940E-02 
6.468E-04 

3.88 1E-03 
6.468E-04 
1.94DE-02 
3.8 8 1  E-02 
6.468E-04 
1.94DE-03 
1.940E;OZ 
6.468E-03 
9.7 02 E-03 
2.7 72 E-02 
9.7 02 E-04 
4.851 E-02 
9.702E-04 
3.881 E-03 

9.7 02 E-02 
2.426E-02 
6.468 E-04 
NO D A T A  
6.468E-03 
NO DATA 
NO DATA 
3.881 E-03 
6.468E-04 
+.851E-03 
1.940E-03 
2.7 72 E-04 

2.426E-03 

3.234E-02 

3.881 E-02 

INSOAU 8LE 
NO D A T A  
9.702 E-04 
9.702E-03 
3.881E-03 
6- 468E-02 
6.468E-02 
9.7 O2E-03 
9.702€-02 
6.468E-03 
3.234 E-02 
4.85115-03 
9.702E-02 
9.702E-03 
6.468 € 4 2  
4.85 LE-02 
2.156E-02 
6.468E-02 
6.468E-02 
9.7 02 E-0 4 
6.468E-02 
1.940E-02 
1.940 E-02 
9.702E-04 
3.88 LE-02 
4.851E-03 
9.702E-04 
2.156E-02 
6.46 8 E-0 2 
9.7 O2E-04 
2.772E-03 
1.940E-02 
9.702E-03 
9.702E-03 
3.236E-02 
9.702E-04 
4.851E-02 
9.7 02E-04 
3.88 lE-03 
3.88 1E-02 
9.702E-02 

6.468E-03 
NO OATA 
4.851E-02 
NO D A T A  
NO D A T A  
9 - 7  O2E-02 
9.702E-03 
4.851E-03 
1.9 40 E-03 
2.7 12E-04 

2.426E-02 

*One o r  more parameters taken from a source o the r  than ICRP Pub l i ca t i on  2. 

P 

m 



. .  TABLE 4-3 (continued) 

NO. NUCLIDE 
52 SR-85 
53 SR-89 
54 SR-904 
55 S R - 9 1  
56 SR-92 
57 Y-90 
58 Y-91M 
59 Y - 9 1  
60 Y-92 
6 1  Y-93 
62 ZR- 93 
63 ZR- 95 
64 2R-97 
65 NB-93M 
66 NB-95M* 
67  NB-95 
68 NB-97 
69 MO-99 
70 TC-96M 
71 TC-96 
72 TC-97M 
73 TC-97 
74 TC-99M 
75 TC-99 
76 RU-97 
77 RU-103 
78 RU-105 
79 RU-106 
80 RH-103M 
8 1  RH-105 
82 PD-103 
83 PD-109 
84 AG-105 
85 A G - 1 l O M  
86 A G - 1 1 1  
87 CD-109 
88 CD-115M 
89 CD-115 
90 IN-113M 
9 1  I N - 1 1 4  
9 2  IN-115M 
93 IN-115 
9 4  SN-113 
95 SN-119M* 
96 SN-123* 
97 SN-125 
98 sa-122 
99 58-124 

100 58-125 
101 TE-12% 
102 TE-127M 

LUNGS 

SOLUBLE 
NO D A T A  
NO DATA 
N3 D A T A  
NO D A T A  
NJ D A T A  
NO DATA 
NO D A T A  
NO D A T A  
N3 D A T A  
NO D A T A  
NO D A T A  
N3 DATA 
N3 D A T A  
NO D A T A  
NJ D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
4.512E-07 
4.855E-05 
1.395E-05 
3.298E-06 
2.77QE-07 
1. 550E-05 
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO DATA 
NO DATA 
N3 D A T A  
N3 D A T A  
NJ D A T A  
N3 D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
NO 04TA 
ND O A T A  
N3 D A T A  
NO D4TA 
NO D A T A  
NO 04TA 
NO DATA 
NO D A T A  
I. 193E-04 
2.306E-03 
1.365E-03 
NO D A T A  
NO DATA 

G . i .  TRACT 

SOLUBLE 
9.702E-03 
4.851 E-02 
3.881E-02 
2.772E-02 
2.772E-02 
9.702E-02 
6.468E-04 
6.4 6 8 E-02 
3.234E-02 
6.468E-02 
2.426E-03 
3.234E-02 
9.702E-02 
4.851E-03 
2.426E-02 
1.940E-02 
2.156E-03 
9.702E-03 
1.940E-04 
1.940E-02 
4.851 E-03 
9.702E-04 
3.234E-04 
6.468E-03 
4.851 E-03 
2.426E-02 
1.940 E-0 2 
1.940E-01 
1.940E-04 
1.94OE-02 
6.468 E-03 
2. i56E-02 
1.940E-02 
6.468E-02 
4.851E-02 
9.702 E-03 
6.468E-02 
6.468E-02 
1.94OE-03 
9.702E-02 
4.851E-03 
2.156E-02 
3.181E-03 
6.46 8 E-02 
2.156E-02 
9.7 02E-02 
6.468E-02 
9.7 02E-02 
1.940E-02 
9.702 E-03 
2.426E-02 

I NS OLUBLE 
9.702E-03 
6.468 E-02 
4.85 1E-02 
3.88 1E-02 
3.234E-02 
9.7 02E-02 
6.468E-04 
6.468E-02 
3.234E-02 
6 -468E-02 
2.42bE-03 
3.234E-02 
9.702E-02 

2.426E-02 
1 -940E-02 
2.156E-03 
4.851E-02 
1.940E-04 
3.881E-02 
9.702E-03 
2.426E-03 
6.468E-04 
9.702E-03 
6.468E-03 
2.426E-02 
1.940 E-02 
1.940 E-0 1 
1.940 E-04 
1.94U E-02 

L.772E-02 
1.940 E-02 
6.468E-02 
4.851E-02 
9.7 OLE -0 3 
6.46LIE-02 
4.85 1 E-02 
1.940E-03 
9.7 02E-02 
4.851E-03 
2. 156E-02 
3.346E-03 
6.691E-02 
2.426E-02 
9.7 02E-02 
6.468E-02 
9.7 02E-02 
1.940E-02 
1 .940E-02 
3.88lE-DZ 

4 . a 5 1 ~ - 0 3  

6 .46a~-o3 

*One o r  more parameters taken from a source o the r  than I C R P  Pub l i ca t i on  2. 



TABLE 4-3 (continued) 

NO. NUCLIDE 
103 TE-127 
104 TE-129M 
105 TE-129 
106 TE-131H 
107 TE-132 
108 1-1264: 
109 1-1294: 
110 1-1304: 
111 I-13L* 
112 1-1324: 
113 1-1330 
114 1-1344: 
115 1-1354: 
116 CS-131 
117 CS-134M 
118 CS-134 
119 CS-135 
120 CS-136 
121 CS-137 
122 CS-1380 
123 EA-131 
124 EA-140 
125 LA-140 
126 CE-141 
127 CE-143 
A28 CE-144 
129 PR-142 
130 PR-143 
131 ND-144 
132 ND-147 
133 NO-149 
134 PM-147 
135 PM-l48n* 
136 PM-1484: 
137 PM-149 
138 SM-147 
139 S M - 1 5 1  
140 SM-153 
141 EU-152M 
142 EU-152 
143 EU-154 
144 EU-155 
145 GD-153 
146 GD-159 
147 18-160 

149 DY-166 
150 HO-166 
151 ER-169 
152  ER-171 
153 TM-170 

148 or-165 

LUNGS 

SOLUBLE 
NO DATA 
ND DATA 
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
ND DATA 
NO D A T A  
NO D A T A  
NO DATA 
NO D A T A  
NO 3 A T A  
Nil DATA 
4.907E-05 

1.504E-02 
2.032E-03 

1.244E-02 
ND DATA 
1.61%-06 
1.313E-05 
NO D A T A  
NO D A T A  
NO DATA 
NO D A T A  
NO D 4 T A  
NO DATA 
NO D A T A  
NO D A T A  
NO 04TA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DhTA 
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
ND DATA 
ND DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NO D A T A  

4.859E-06 

9.158E-04 

G . I .  TRACT 

soiueLE 
6.468E-03 
6.468E-02 
2.426E-03 

6.468E-02 
9.7 02 E-04 
4.8513-04 
6.468E-02 
1.94OE-03 

3.234 E-03 
3.234E-03 
3.881 E-03 
9.702E-05 
3.2 34 E-04 
3.881E-03 
3.881E-04 
2.426E-03 
2.426E-03 

9.702E-03 
6.468 E -02 
9.7 02 E-02 
2.156E-02 
4.851E-02 
1.940 E-0 1 
b.468E-02 
3.881E-02 
2.426 E-02 
3.2 34 E-02 
6.46 8E-03 
9.702E-03 
6.930E-02 
1.021E-01 
4.851 E-02 
2.772E-02 
4.851 E-03 
2.426E-02 
3.234E-02 
2.426 E-02 
9.702E-02 
9.702 E-03 
9.702E-03 
2.426E-02 
4.851 E-02 
4.851E-03 
4.851 E-02 
6.468E-02 
2.156E-02 
1.940 E-02 
3.88AE-02 

3.234E-02 

4.851 E-03 

4.85 LE-03 

INSOLUBLE 
9.7 O2E-03 
9.702E-02 
2.426 E-03 

9.702E-02 
2.156E-92- 9.7023-03 

3.234E-02 
9.702E-03 
4.85 1E-02 
3.234E-03 
2.7 72 E-02 
2.156E-03 

4.851 E-02 
9.702E-03 
3.234E-02 
4.851E-02 
4.851 E-03 
9.7 02 E-03 

9.702E-02 
2.156E-02 

1.94OE-01 

3.881E-02 
2.426E-02 

6.468E-03 
9.7 02E-03 
6.930E-02 
1.02 1E-0 A 
4.851E-02 
2.772E-02 
4.8 5 1 E-03 
2.426 E-02 

2.426E-02 
9.702E-02 
9.702E-03 
9.702E-03 
2.426E-02 
4.85 1E-02 
4.85AE-03 
4.851E-02 
6.468 E-02 
2.  A56E-02 
1.960E-02 
3.881E-02 

4.8 5 LE-02 

6 -468E-02 

1.9 40 E-03 

9 7 02 E-0 2 

4.851E-02 

6 468 E-02 

3.234E-02 

3.234E-02 

*One or more parameters taken from a source other than ICRP Publication 2. 



TABLE 4-3 (continued) 

NO. NUCLIDE 
154 Y8-175 
155 LU-177 
156 HF-181 
157 TA-182 
158 H-181 
159 W-185 
160 W-187 
161 H-188* 
162 RE-183 
163 RE-186 
164 RE-187 
165 RE-188 
166 05-185 
167 OS-191M 
168 OS-191 
169 OS-193 
170 IR-190 
171 IR-192 
1 7 2  IR-194 
173 PT-191 
174 PT-193M 
175 PT-193 
176 PT-197M 
177 PT-197 
178 AU-196 
179 AU-198 
180 AU-199 
1 8 1  H G - I S M  
182 HG-197 
183 HG-203 
184 TL-200 
185 TL-201 
186 TL-202 
187 TL-204 
188 PB-203 
189 PB-204M* 
190 Pa-210 
191 PB-212 
192 81-206 
193 61-207 
194 61-210 
195 81-212 
196 PO-210 
197 AT-211 
198 RA-223 
199 RA-224 
200 RA-226 
2 0 1  RA-228 
202 AC-227 
203 AC-228 
204 TH-227 

LUNGS 

SOLUBLE 
N3 34TA 
NO D A T A  
NO 3ATA 
NO 04TA 
Ni l  D A T A  
NO D A T A  
NJ D A T A  
NO D A T A  
ND D A T A  
NO DbTA 
N3 D A T A  
NO D A T A  
NO D A T A  
NO D A T A  
ND D A T A  
N3 D A T A  
NO D A T A  
NO D A T A  
NJ D A T A  
NO 04TA 
NO D A T A  
NJ D A T A  
ND DATA 
NO 04TA 
NO D4TA 
NO OhTA 
NO D A T A  
NJ 3ATA 
NO D A T A  
NO D A T A  
3.384E-05 
4.749E-05 
2.137E-04 
2.968E-04 
NO DATA 
NO D A T A  
NO D A T A  
NO D A T A  
ND D A T A  
NO D4TA 
NO D A T A  
NO D A T A  
NO DATA 
NO D A T A  
NO D4TA 
NO D4TA 
NO D A T A  
ND D 4 T A  
NO D A T A  
NO D A T A  
NO D A T A  

G.I. TRACT 

SOLUBLE 
1.900E-02 
1.940E-02 
2.772E-02 
4.851 E-02 
4.851E-03 
L.940E-OL 
2.7 72E-02 
6.468E-02 
3.234E-03 
2.1,bE-02 
6.46 8 E -04 
3.234E-02 
2.7 72 E-02 
6.46 8 E-04 
9.702E-03 
3.234E-02 
9.702E-03 
4.851 E-02 
6.468E-02 
A. 94OE-02 
1.94OE-03 
9.702E-04 
1.94OE-03 
1.940E-02 
9.702E-03 
3.881 E-02 
9.702E-03 
9.702E-02 
9.702E-04 
4.851 E-03 
4.851 E-03 
6.468E-03 
1.94OE-02 
1.940E-02 
4.851E-03 
4.851 E-02 
9.7 02 E-03 
2.7 72 E-03 
4.851 E-02 
3.234E-02 
4.851 E-02 
4.85 1 E-03 
6.468E-02 
2.7 72 E-03 
3.234E-01 
2.772E-01 
3.881E-02 
4.851 E-02 
6.468 E-03 
2.156E-02 
9.702E-02 

INSOLUBLE 
1.940E-02 
1.940 E-02 
2.772E-02 
4.85 1E-02 
6.46 8 E-03 

3.234E-02 
6.468 E-02 
6 -46 BE-03 
3.88 1E-02 
9.702E-04 
6 -468E-02 
2.772E-02 
9.702E-04 
9 - 7  02E-03 
3.88 1 E-02 
9.702E-03 
4.85 1E-02 
6.468E-02 
1.9COE-02 

9.702E-04 
2.156E-03 

1 940E-02 

1.940E-03 

1.94OE-02 
1 - 940 E-0 2 
3.881E-02 

9.702E-02 

1.940 E-02 

9.702E-03 

3.88 1E-03 

9.702E-03 
9.702E-03 

3.234E-02 
4.85lE-03 
4.85 1E-02 
9.702E-03 
9.702E-03 

3.234E-02 
4.851E-02 
4.85 1E-03 

2.772E-02 
4.85 1 E-0 1 
3.88 LE-01 
6.468E-02 

6.468E-03 

9.7 O2E-02 

2.7 72 E-02 

4.851E-02 

6 46 8 E-02 

6.468E-02 

Z.156E-02 

P 
I 
Io 
Io 

*One or more parameters taken from a source other than ICRP Publication 2 .  



NO. NUCLIDE 
205 TH-228 
206 TH-230 
207 TH-231 
208 TH-232 
209 TH-234 
210 PA-230 
211 PA-231 
212 PA-233 
213 PA-23W 
214 U-230 
215 U-232 
216 U-233 
217 U-234 
218 U-235 
219 U-236 
220 U-237 
221 U-238 
222 NP-237 
223 NP-239 
224 PU-236 
225 PU-238 
226 PU-239 
227 PU-240 
228 PU-241 
229 PU-242 
230 PU-243 
231 PU-244 
232 AM-241 
233 AM-242U 
234 AM-242 
235 AM-243 
236 AU-244 
237 CM-242 
238 CM-243 
239 CW-244 
240 CM-245 
241 CN-246 
242 CM-247 
243 CM-248 
244 CM-249 
245 BK-249 
246 BK-250 
247 CF-249 
248 C F 2 5 0  
249 CF-251 
250 CF-252 
251 C F 2 5 3  
252 CF-254 
253 €5-253 
254 ES-25411 
255 ES-254 

TABLE 4-3 (continued) 

LUNGS G.I. TRACT 

SOLUBLE 
NO DATA 
NO D & T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
ND DATA 
NO DATA 
NO DATA 
ND DATA 
NO DATA 
Nil DATA 
NO D A T A  
NO DATA 
NO DATA 
NO DATA 
NO DLTA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO 3 A T A  
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NO DATA 
N J  DATA 
NO DATA 
NO D A T A  
NO DATA 
NJ DATA 
NO DATA 
NJ DATA 
NO DATA 
NO DATA 
NJ DATA 
NJ DATA 
N3 D 4 T A  
NO DATA 
ND DATA 
NO D A T A  
NO DATA 
ND DATA 
NO D A T A  

s o u m e  
1.940E-01 
6.468 E-02 
9.702E-03 
4.8516-02 
9.702E-02 
9.702E-03 
6.468E-02 
1.940E-02 
NO DATA 
3.881E-01 
6.468E-02 
6 468E-02 
6.468E-02 
6.468 E-02 
6.468E-02 
NO D A T A  
4.051E-02 
6.468E-02 
1.94OE-02 
NO DATA 
6.46 8 E -0 2 
6.468E-02 
6.468E-02 
1.94OE-03 
6.468E-02 
6.468 E-03 
1.940E-01 
6.468E-02 
2.156E-02 
1.94OE-02 
6.468E-02 
3.881 E-04 
9.702E-02 
9.702E-02 
6.468E-02 
6.468E-02 
6.468E-02 
9.7 02 E-02 
1.94OE 00 
9.7 02 E-04 

9.702 E-03 
9.702E-02 
6.460E-02 
6.468 E-02 
2.7 72E-01 
1.94OE-02 
1.940E 0 1  

9.7 02 E-02 
1.94OE-01 

3.234E-03 

9.702E-02 

I NS aLu 8L E 
1.94OE-01 
6.468E-02 
9.7 Q2E-03 
4.851E-02 
9.7OZE-02 
9. TOLE-03 
6.468E-02 
1.940 E-02 
NO OATA 

6.468E-02 
6.468E-02 
6.468E-02 
6.468 E-02 
6.468E-02 
NO DATA 
4.8 5 1E-02 
6.468E-02 
1.94DE-02 
NO DATA 
6.468E-02 
6.468E-02 
6.468E-02 
1.94OE-03 
6.468E-02 

1.94OE-0 1 
6.468E-02 

1.94OE-02 
6.468E-02 
3.88 IE-04 
9.7 02E-02 
9.7 02E-02 
6.468E-02 
6.468E-02 
6.468E-02 
9 .I 02E-02 
1.94OE 00 
9.7 OZE-04 

9.702E-03 
9.7 O2E-02 
6.468E-02 
6.468E-02 

1.940E-02 
1.940E 01  
9 7 02E-02 
9.702E-02 
1 -940 E-D 1 

3.88 1 E-0 1 

6 468 E-03 

2.156E-02 

3.234E-03 

2 7 72E-01 

*One o r  more parameters taken from a source o the r  than I C R P  Pub l i ca t i on  2. 

P 

0 
0 
w 



TABLE 4-3 (continued) 

NO. NUCLIOE 
256 ES-255 
257 FH-254 

259 FH-256 
258 ~ ~ - 2 5 5  

LUNGS 

SOLUBLE 
NJ OATA 
NJ DATA 
NO DATA 
NO OATA 

G.I. TRACT 

SOLUBLE INSOLUBLE 
6.468 E-02 6.46t)E-02 
1.940E-02 1.940E-02 
6.468 E-02 6.468E-02 
2.156E 00 2.156€,00 
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TABLE 4-4 INREM SAMPLE PROBLEM INPUT DATA: MASSES (9 )  
OF TOTAL BODY AND THYROID 

Age groups (years)  

.Organ 0-1 1-5 5-10 10-15 15-20 20-70 
~~ ~~~~~~~ 

To t a  1 body 8000 15,400 25,100 41,000 65,000 69,700 

T h y r o i d  2 3 5 12 15 18 

1 
1 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
1 
I 
1 
1 
I 



TA.BLE 4-5 INREM SAMPLE PROBLEM INPUT DATA: RADIONUCLIDE 187 - 1 3 1 1  

Age groups (years )  

0-1 1-5 5-1 0 10-15 15-20 20-70 

E f f .  h a l f -  T o t a l  body 4 '  4.5 5.5 6 6.5 7 
t i m e  (days) Thyro id  4 I 4.5 5.5 6 6.5 7 

E f f .  absorbed -Tota l  body 
energy (MeV) Thyro id  

.44 

.21 
.44 .44 
.21 .22 

.44 

.22 
.44 .44 
.23 .23 

F r a c t i o n a l  
a b s o r p t i o n  To t a l  body 
( i  n q e s t i  on) Thyro id  

No. o f  p o i n t s  i n  
i n t a k e  r a t e  f u n c t i o n  

Times (days)  a f t e r  
r e f e r e n c e  event  a t  
which i n t a k e  f u n c t i o n  
va lues a r e  g iven 

Values o f  i n t a k e  , 
f u n c t i o n  (pCi/day) 
corresponding t o  
t imes g i v e n  above . 

1 
.2 

4 

0 
30 
60 

120 

5x1 0-2 

5x1 0-5 
0 

z X i  0-3 

4 4 

0 0 
30 30 
60 60 
120 120 

6x1 0-2 6x1 0-2 
2 . 5 ~ 1 0 - 3  2 . 3 ~ 1 0 - 3  
5 . 2 ~ 1  5 . 5 ~ 1 0 - 5  

0 0. . _  

1 
.2 . 

4 

0 
30 
60 
120 

7 . 5 ~ 1  Om2 
2 . 6 ~ 1 0 - 3  
5 . 6 ~ 1  0-5 

0. 

1 .  1 
. 2 .* . 2  

4 4 

0 0 
30 30 
60 60 

120 120 

1x10-2 . 6x1W2 
4x1 0-3 2 . 4 ~ 1 0 - 3  
8x1 0-5 5x1 0-5 

0 0 

change f r o m  l i n e a r  t o  
l o g a r i  thmic i n t e r p o l  a t i o n  60 60 60 60 60 60 
a f t e r  days 

aRad ioac t ive  h a l f - l i f e :  8.05 days. 

P 
I - 
0 
G) 



TABLE 4-6 INREM SAMPLE PROBLEM INPUT DATA: RADIONUCLIDE 210 - 13'Cs 

Age groups (years) 

0- 1 1-5 5-1 0 10-15 15-20 20-70 

E f f .  h a l f -  To ta l  body 
t ime (days) Thyro id 

E f f .  absorbed Tota l  body 
energy (MeV) Thyroi  d 

F r a c t i o n a l  
abso rp t i on  Tota l  body 
( i n g e s t i o n )  Thyro id 

No. o f  p o i n t s  i n  
i n t a k e  r a t e  f u n c t i o n  

Times (days) a f t e r  
re fe rence event  a t  
which i n t a k e  f u n c t i o n  
values a r e  g iven 

Val ues o f  i n t a  ke 
f u n c t i o n  ( V C i  /day) 
corresponding 
t o  t imes 
g iven 
above 

change f rom l i n e a r  
t o  l o g a r i t h m i c  
i n t e r p o l  a t i o n  a f t e r  (days) 

6 6 6 6 

0 0 0 0 
60 60 60 60 

100 100 100 100 
360 360 360 360 
700 700 700 700 

25 550 25 550 25,500 25 550 

6x1 0-3 7x10-3 8x1 0-3 9x1 Om3 
7.5x10-: 8x1 0-3 1 .2x1 0-2 1 .5x l  0'2 

1 x l  Om5 1 .5x10-3 3x1 0-35 4x1 0-3 
2x1 0' 3x1 0-2 2 .5~10 '  3x1 0-5 
1x10-6 1x10- 1 x l0 -6  1 x l0 -6  
1 x l0-6 1 x l0-6 1 x l0-6 1 x10-6 

54 -- 

.57 
-- 

1 -- 

6 

0 
60 

100 
360 
700 

25 500 

1x10-22 
1 .7xlO' 
4x1 0-3 
2x1 0-5 
1 x10-6 
1 x l0 -6  

5x1 O4 

51 
-- 

.59 -- 

6 
P 

I 
A 

0 
60 

0 
P 

100 
360 
700 

25 550 

2x1 0-2 

2x1 0-5 
1 x10-6 
1 x10-6 

4x1 0-2 
8x1 Om3 

5x1 O4 

4 aRadioact ive h a l f - l i f e :  1.1 x 10 days. 



I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
I 
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TABLE 4-7 INREM SAMPLE PROBLEM I 

L i s T m G  o f  TnE INPUT P A R A M ~ T E K S  Fua I t w t H  

SAMPLE PROBLEM FOR IiUUEM 

TOTAL hUk!BER CF RAOlOkUCLID€S = 2 
TOTAL hUMt3ER C F  LCE GROUPS = 6 
TOTAL hUMBER CF CRGAFtS = 2  

AGE GRCUPS. 

CROUP LCWER L I M I T  UPPER L I M I T  

1 0.0 TG 0.10000E 0 1  
2 O . ~ O O J O E  01 TO 0 . 5 0 0 0 0 E  0 1  
3 0 .5000YE 01 T O  0.100OOE 02 
4 0.lOOOJE 02 T D  0 . 1 5 0 0 0 E  02 
5 0 . 1 5 0 0 0 E  02 T G  0.20000E 02 

NO. ( Y R S )  (vas)  

6 0 - 2 0 0 0 0 E  02 T G  0.70000E 02 

R A O I O N b C L I G E  I D E h T I f I C A T I G N .  

IrLMBER IFtOEX NAME H A L F - L I F E  
( C P Y S )  

I 187 1-131 0 . 8 0 5 0 0 E  0 1  
2 210 cs-137 0.11000€ os 

ORGAh 

AGE 
G A 0  LP 

I 
2 
3 
4 
5 
6 

E F F E C  

ORG AN 

MASS (CHAMS). 

hAHk TOTAL UOOY T W R U I D  

8.0000e 03 2.0000E 00 
1 .54OOE 04 3.0000E 00 
2 . 5 1 0 0 E  04 5 . O O 0 O E  00 
4.1000E 04 1.2000E 0 1  
6.5000E 04 1.5000E 0 1  
609700E 04 1oLOOOE 0 1  

I V E  H A L F - L I F E  (DAYS).  

LACE TCTAL i3OOY THYROIO 

N U C L I D E  AGE 
I N O E X  GRCUP 

187  
1 4.00CE 00 
2 4 . 5 0 0 E  00 
3 5.500E 00 
4 
5 
6 

1 
2 
3 
4 
5 
6 

2 10 

6.000E 00 
6 . 5 0 0 E  00 
7.00CE 00 

1.700E 01 
1.800E 01 

4.600E 01 
5 . 4 O C E  01 
6.100E 01 

3.000E 01 

4.000E 00 
4 . 5 0 0 E  00 
5.500E 00 
6.000E 00 
6.500E 00 
7.000E 00 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

E F F E C T I V E  ABSCRBEC ENERGY (MEVJ. 

ORGAh NAME TOTAL BODY THYWOIO 

N U C L I D E  AGE 
I N O E X  GRGCP 

187 
1 4.400E-01 2.100E-01 
2 4.400E-01 2.100E-01 
3 4e4OCE-01 2.20OE-01 + 4.4OGE-01 2.ZOOE-01 
5 4.4OOE-01 2.300E-Ol 
6 4.400E-01 L300E-01 
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2 l o  
1 4.8OOE-01'' 0.0 
2 5.200E-01 0.0 
3 5 . 4 O C E - 0 1  0.0 
4 5 . 5 0 0 E - 0 1  0.0 . .  5 5 . 7 0 C E - 0 1  0.0 
6 5 . 9 0 0 E - 0 1  0.0 

F R A C T I O N A L  ABSORPTION FROU I N G E S T I O N  ( D I M E N S I O N L E S S J *  

ORGAN NAME TOTAL BODY T H Y R O I O  

N U C L I D E  AGE 
I N D E X  GRGUP 

187  

3 
4 
5 
6 

1 
2 10 

2 
3 
4 
5 
6 

I NTbKE. 

1.000E 00 
1.OOOE 00 
1.000E 00 
1.000E 00 
A.000E 00 
1.000E 00 

1.00OE 00 
1.00'OE 00 
1.000E 00 
1.000E 00 
1.000E 00 
1.000E 00 

2.000E-01 
2.000E-01 
2.000 E-0 1 
2.000E-01 
2.00OE-01 
2.000E-01 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

l U C L l D E  AGE 
I N D E X  GRCUP 

1 0 7  
1 

2 

3 

4 

5 

6 

210 
1 

2 

3 

NUMBER 

1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 

1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 

T I M E  
( OAY) 

0.0 
3.0000E 01 
6.0000E 01 
1.2000E 02 
0.0 
3.0000E 01 
6.0000E 01 
1.2000E 02 
0.0 
3.0000E 01 
6 - 0 0 0 0 E  01 
1.2000E 02 
0.0 
3.0000E 01 
6.0000E 01 
1 . 2 0 0 0 E  02 
0.0 
3.0000E 01 
6 . 0 0 0 0 E  01 
1.2000E 02 
0.0 
3.0000E 01 
6.0000E 01 
1.2000E 02 

0-0 
6 0 0 0 0 0 E  01 
1.OOOOE 02 
3.6000E 02 
7.0000E 02 
2 . 5 5 5 0 E  04 
0.0 
6 . 0 0 0 0 E  01 
1.OOOOE 02 
3.6000E 02 
7.0000E 02 
2 . 5 5 M E  04 
0.0 
6 . 0 0 0 0 E  01 
1.0000E 02 
3-6000E 02 
700000E 02 
L 5 5 5 0 E  04 

I N l I K E  
( M l C R G C b R I E S / O A V J  

5.CCCC&O2 
2.00 C O E -  03 
5 . O C C C E - 0 5  
l . O C C C &  15 
6.CCGCE-02 
i .  S G C O E - 0 3  
5 . z c c CE- 05 
1.0000E-15 
6 .CCCCE-02 
i - 3 C C C E - G 3  
5 . 5 C C C E - 0 5  
1 . O C C O E - 1 5  
7 . 5 0 C C E - 0 2  
i . 6 C C G E - 0 3  
5 -6 C CCE-  05 
1 . 00 C 0 E- 15 
1 - C G C C E - 0 2  
4 . C C C C E - 0 3  
8 . O C C O E - 0 5  
l * C G C O E - l 5  
6 - C O C C E - 0 2  
i o 4 O C O E - 0 3  
5 . 0 G C O E - 0 5  
1 . O O C O E - 1 5  

6 . C O C C E - 0 3  
1.SCCCE-03 
1 .OCCOE-03  
i . 00 COE- 05 
1 . C O C C E - 0 6  
1 - O O C O E - 0 6  
7 .OOCOE-03 
8 . G C C C E - 0 3  
1.50COE-03 
3oOOCCE-OS 
1.OCCOE-06 
1 . 0 0 0 0 E - 0 6  
8 .OOCCE-03  
1 . 2 O C C E - 0 2  
3.00COE-02 
i 0 50 C C E - 0 5  
1-COCO€-06 
1.00COE-06 



4 

5 

6 

LSE LCGARITHMIC 

kUCLIDE AGE 

187 1 
2 
3 
4 
5 
6 

2 10 1 
2 
3 
4 
5 
6 

INDEX G R O W  
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1 0.0 
2 6.0000E 01 
3 1.OOOOE 02 
4 3.6000E 02 
5 7 . 0 0 Q O E  02 
6 2.5550E 04 
1 0.0 
2 6.0000E 01 
3 1.OOOOE 02 
4 3.6000E 02 

6 2.5550E 04 
1 0.0 
2 6.0000E 01 
3 1 ~ O O O O E  02 
4 3.6000E 02 

6 2.5550E 04 

5 r.ooooE 02 

5 r.ooooE oz 

INTERPOLAT ION A f  TER THE 

TIME 
IDAYSJ 

6-00000E 01 
6.04000E 01 
6.0000QE 01 
6-00000E 01 
6.00000E 01 
6.00000E 01 
5.00000E 04 
5.00000E 04 
5.00000E 04 
5*00000E 04 
5.00000E Q4 
5*00000E 04 

S.0CCCE-03 
1.5ccoE.-cz 
4.ccccE-03 
3.occcE-c5 
1 .CCCCE- 06 
1 . C C C G E - 0 6  
1.ccccE-02 
1.lCCCE-02 
4. C C C C E - 0 3  
i. OC C C E -  G 5  
1.CCCCE-06 
1.GOCCE-06 
i . C C C C E - 0 2  
*.ccccE-c2 
8.GGCCE-03 
i . G C C C E - C S  
1.COCCE-06 
1 .CG CCE-06 

FOLLCb IkG 1 I U E  5. 

SAMPLE PROBLEM FOR I N f t E U  

DCSE COMMIlMENT 1RWSJ FROM INGESTION OF RIOIOWWLICES 

NUMBER OF 7 H E  REFERENCE EVENT = 1 
A 6 E  CF THE I N O I V I W A L  AT T I M E  OF EVENT 0.0 WEARS- 
TIME AFTER EVENT bHEN INTAKE BE61NS = 0.4 V E I R S .  
T I M E  AFTER EVENT W E N  INTAKE ENDS 1.000 VEARS. 
DURATION OF THE IhTAKE PERIOO 1.000 V E A R S -  
T I M E  AFTER EVENT H E N  DOSE INTECRATICN EECINS COO VEARS. 
T I M E  AFTER EVENT W E N  DOSE INTE6RATION €NOS 5C.000 WEUS. 
DURATION OF DGSE INTECRATIQN SO-004 WEARS. 

NO. NUCLIDE LABEL TOTAL BOOY ThVRCIO 
1 1-131 181 1.313E-92 SrOl iE 00 
2 CS-I37 210 5.3ME-02 W OITA 

TOTAL 6.617E-92 I o O l i E  00 

SAMPLE ?MUM FOR IMlEM 

OGSE COMMllMENT (IIEMSJ FROM I N 6 & S T I O N  Of  Y A O I C I W L I C t S  

NUn8ER OF WE IEFLRENCE EVENT I 
A 6 €  O f  I N €  I N O l V l O U U  AT T I M €  OF EVENT 0.0 WEARS. 
TIME AFTER EVENT W E N  INTAKE BEGINS 0.0 VEA.LS. 
T I M E  AFTtR E V C k l  WEN I k T A l E  €NOS 54e000 YEARS. 
O U R A I I O N  OF IML I W U C  ? E 1 1 0 0  = 50.000 VQUlS.  
T111 A C T 1 1  CUCNT YIkW Dot€ lNlCGIIAIlOW l f C l N S  0.0 V 1 U S e  
V I M 0  A C T 1 1  CUCNT YI1N DOSE l N I C U A T l O N  ENOS I C e Q O O  V L U S e  
DURATION OC OOSC INTIOIAIION = We000 W M S e  
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TABLE 4-8 INREM SAMPLE PROBLEM I1 

~~ 

Internal dose calculations for  6oCo i n  l iquid e f f luents  a t  a con- 
centration of 1 x 1 0 - l ~  pci/crn3 or  i n  qaseous e f f luents  a t  1 x i ~ - ~ ~  
pCi/cm3. A depos i t ion  velocity of 10- m/sec was assumed i n  calculating 
ground deposition of radioact ivi ty  from the a i r .  

a .  Inhalation of radioactive material (50-year whole-body dose 

, 2%? ?h*_-, k fixe 7 9  commitment ) 

1.0 x pCi/cm3 x 20 m 3  day x l o6  cm%3 x 365 days/yr - \"" 
x 5.97 x rem/pCi (Table 4-2) x l o 3  mrem/rem = 4.36 - CO"'" 

3 _c . _ _ - - -  
wLs'a 

x mrem/yr. 

b. Ingestion of water t ha t  contains radioactive.materia1 

1.0 x pCi/cm3 x l o 3  cm3 l i t e r  x 1.2 l i t e rs /day  

x 365 days/yr x 4.48 x rem/pCi (Table 4-3) 

x l o3  mrem/rem = 1.96 x mrem/yr. 

c .  Ingestion of fish 

1.0 x uCi/cm3 x 1 cm3/g 'x 2.0 x 10' (freshwater 

bioaccumulation fac tor  from Table 4-12A) x 20 g/day 

x 365 days/yr x 4.48 x rem/pCi (Table 4-3) 

x l o3  mrem/rem = 6.54 x 10" mrem/yr. 

d .  Ingestion of t e r r e s t r i a l  food 

1 .  Above-surface crops 

1.0 x pCi/cm3 x 
x 1.19 Ci/da 

pCi/m -day 
(Table 4-3) x lo3  

1 0- mrem/yr . 

m/sec x 3.15 x lo7  sec/yr 

(Table 2-8) x 4.48 x 

mrem/rem x l o6  cm3/m3 = 1.68 x . 

rem/pCi 
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TABLE 4-8 (CONTINUED) 

2. M i l k  

1.0 x pCi/cm3 x m/sec x 3.15 x l o 7  sec/yr  

x 0.113 (Table 2-8) x 4.48 x rem/vCi 

(Table 4-3) x l o 3  mrem/rem x l o 6  cm3/m3 = 1.59 x l om4  

mrem/yr . 

pCi/m -day 

3. Beef 

1.0 x pCi/cm3 x m/sec x 3.15 x lo7  sec/yr  
x 0.7,43,* vCi /da (Table 2-8) x 4.48 x rem/pCi 

(Table 4-3) x l o 3  mrem/rem x lo6  cm3/m3 = 1.05 x 

mrem/yr . 
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TABLE 4-9 DOSE ESTIMATES FOR INDOS2 FOR EXPOSURE 
V I A  INHALATION (50-YEAR DOSE COMMITMENT 

PER V C i  OF INTAKE) 

Reference 
Radionucl ide Organ rem/pCi 

Oco 
5 ~ n  

86Rb 
5 ~ r  

" ~ r  ' Osr 
2Te 

cs 
l4'Ba 

Ce ' 'Au 

226Ra 
228Th 
232Th 

'Np 

1 3 1 1  

1 3 7  

1 4 4  

21 OPO 

2 3 3 u  

2 3 4 ~  

'PU 
241Pu 

T o t a l  Body 
Bone 

T o t a l  Body 
Bone 

T o t a l  Body 
T o t a l  Body 

Bone 
Spleen 

T o t a l  Body 
T o t a l  Body 
T o t a l  Body 
T o t a l  Body 

Bone 
Bone 

T o t a l  Body 
T h y r o i d  

T o t a l  Body 
Bone 
Bone 

Kidneys 
Kidneys 

Bone 
Bone 
Bone 
Bone 
Bone 
Bone 
Bone 
Bone 

1.71 E-4 
2.74 E-4 
1.48 E-2 
1.59 E-1 
6.63 E-5 
2.06 E-3 
1.83 E-1 
4.25 E-2 
4.09 E-3 
1.16 E-2 
7.97 E-3 
2.29 E-3 
1.49 E-1 

1.23 E-3 

4.52 E-2 
7.00 E-2 

9.00 E-4 

1.57 E 1 

1.45 E 0 

1.32 E 0 

1.18 E 1 
6.12 E 1 
1.28 E 3 
5.96 E 3 
1.38 E 1 
1.33 E 1 

7.20 E 3 
1.29 E 2 

2.51 E-3 
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TABLE 4-10 DOSE ESTIMATES FROM INDOSZ FOR EXPOSURE 
V I A  INGESTION (50-YEAR DOSE COMMITMENT 

PER pCi OF INTAKE) 

Radionucl ide 
Reference 

Organ 

3H 
4c 
2Na 

3 2 P  
5s 

5Ca 
59Fe 
6 oco 
5Zn 

86Rb 
5 S r  

0 9 S r  
OSr 
2Te 

7cs 
140Ba 
144Ce 
1 9 8 A ~  
2 1  OPO 
226Ra 
228Th 

2Th 

239Np 
239Pu 
2 4 1 P u  

3 6 c 1  

1 3 1 1  

2 3 3 u  
23411 

T o t a l  Body 
Bone 

T o t a l  Body 
Bone 

T o t a l  Body 
T o t a l  Body 

Bone 
Spleen 

T o t a l  Body 
T o t a l  Body 
T o t a l  Body 
T o t a l  Body 

Bone 
Bone 

T o t a l  Body 
T h y r o i d  

T o t a l  Body 
Bone 
Bone 

Kidneys 
Kidneys 

Bone 
Bone 
Bone 
Bone 
Bone 
Bone 
Bone 
Bone 

r ern/$ i 

1.71 E-4 
3.42 E-4 
1.98 E-2 
1.86 E-1 
8.84 E-5 
2.74 E-3 
1.98 E-1 
1.42 E-2 
3.07 E-3 
3.88 E-3 
1.06 E-2 
1.71 E-3 
1.11 E-1 

8.09 E-4 

6.03 E-2 
1.84 E-2 
5.28 E-4 
3.00 E-4 

1.18 E 1 

1.90 E 0 

2.52 E 0 
4.59 E 1 

2.32 E 0 
4.97 E-1 

5.43 E-1 
5.22 E-1 
1.03 E-6 
8.64 E-1 
1.55 E-2 
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TABLE'4-11 INDOS2 SAMPLE PROBLEM 

R E F E R E N C E  ORGAN R A D I A T I O N  D O S E  C A L C U L A T I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ENTER CODE NO. O F  N U C L I D E .  
18 7 

\ MODE OF INTAKE.. .  
'IYPE 
1- F O R  
S F O R  I N H A L A T I O N  
1 

I N G E S T  I O N  1.1 
/ 

TYPE 
1-FOR D I S C R E T E  I N T A K E S  
S F O R  C O N T I N U O U S  I N T A K E  A T  CONSTANT RATE 
1 

H O W  MANY D I S C R E T E  I N T A K E S ?  ( I TO 5 0 )  
1 

ENTER T H E  1 TIMES ( D A Y S )  AND T H E  
(XIRRESPONDING I N T A K E S  ( M I C R O C U R I E S )  ---------- ---------- 
0 1 a O E - 6  

T f P E  
1- F U R  T A B U L A T I O N  
S F O R  GRAPH 
1 

TfPE 1 - F O R  I N P U T  SUMMARY 

1 
2 - T O  S U P P R E S S  

SUMMARY O F  I N P U T S  
M P U N M T I A L  MODEL ---------- ----- 

R A D I O N U C L I D E  

R E F E R E N C E  ORGAN 

M D I O A C T I V E  H A L F - L I F E  

R A D I O A C T I V E  DECAY R A T E  

EFF. A B S O R B E D  ENERGY 

MASS O F  R E F E R E N C E  ORGAN 

B I O L O G I C A L  CONV. F A C T O R  

W D E  O F  I N T A K E  

UPTAKE F R A C T I O N  

53 1-131 

THYRU I D 

8.040E+00 DAYS 

8.621E-02 P E R  DAY 

2 . 3 0 O E - 0  1 MEV 

2.000E+01 G 

5 .  888E-0 1 R P I S / M I  C R O C U R I  E-DAY 

I N Q E S T I  ON 

3.000E-0 1 
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PARAMETERS ASSOCIATED WITH EXPONENTIAL TERMS. 

COEFFICIENTS EXCRETORY EXCRETION 
HALF-LIVES RATES 

1 1*000E+OO 1 O0OE+02 6.93 1 E-0 3 

DISCRETE TIMES AND INTAKES. 

TIME (DAYS) TOTAL INTAKE UPTAKE 
TO BODY 

( M I CRiI CUR I E S ) ( M I CRO CUR I ES ) 

0.0OOE-01 1 0 0 0 0 E - 0 6  3 .0000E-07 

RADIONUCLIDE -- 53 1 - 1 3 1  

REFERENCE ORGAN -- THYROID 

RIDE OF INTAKE -- INGESTION 

TIME (DAYS) RATE (REMS/DAY) DOSE (REMS) 

0.000E-01 
Sm0OOE+O0 
1 .0OOE+O 1 
1 e S00E+O 1 
2.000E+0 I 
2*50OE+Ol 
3.000E+O 1 
3.50OE+01 
4 000 E+ 0 1 
4.500E+O 1 
5 000 E+ 0 1 

1 766LlE-07 
1 lO87E-07 
6 .9594E-08 
4 .3683E-08 
2 . 7 4 1 9 E - 0 8  
1 721OE-08 
1 08O3E-08 
6.7HO7E-09 
4.2561 E-09 
2.67 15E-09 
1 6 7 6 9 E - 0 9  

0.00OOE-0 1 
7 060 7E-0 7 
1 1 4 9 3 E - 0 6  
1 - 4 2 7 4 E - 0 6  
1 602OE-06 
1 71 16E-06 
1.7RO4E-06 
1 8 2 3 6 E - 0 6  
I 850 7E-O6 
1 8 6 7 7 E - 0 6  
1 8 7 8 4 E - 0 6  

'IYPE 
1-FOR MORE TABULATION 
2-TO CHANGE INTAKES 
>TO CHANGE NUCLIDES 
4-FOR GRAPH 
5-TO EXIT 
3 

DJTER CODE N O .  OF NUCLIDE. 
348 

M)DE OF INTAKE... 
W P E  
1-FclR INGESTION 
S F O R  INHALATION 
1 

W P E  
1-FOR DISCRETE INTAKES 
S F O R  CONTINUOUS INTAKE AT CONSTANT RATE 
2 
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ENTER 
I N I T I A L  BODY BURDEN I N T A K E  R A T E  

(MI CRU- C I  1 ( M I  CRO - C I  /DAY) ---------- ---------- 
0.0 I O E - 6  

WPE 
1- F O R  T A B U L A T I  ON 
+ F O R  GRAPH 
1 

TYPE I - F O R  I N P U T  SUMMARY 

1 
2 -TU S U P P R E S S  

R A D I O N U C L I D E  88 R A - 2 2 6  

R E F E R E N C E  ORGAN BONE 

R A D I O A C T I V E  H A L F - L I F E  5.9 1 3 E + 0 5  DAYS 

RADIO A C T 1  V E  DECAY R A T E  1 . 1 7 2 E - 0 6  P E R  DAY 

EFF. ABSORBED ENERGY 1 1 0 0 E + O 2  MEV 

MASS OF R E F E R E N C E  ORGAN 7 . 0 0 0 E + O 3  G 

B I O L O G I C A L  CONV. F A C T O R  8 046 E-O 1 REM S / M  I CRO CUR I E- DAY 

K I D E  O F  I N T A K E  I N G E S T I O N  

UPTAKE F R A C T I O N  3.OOOE-0 1 

1 
I 

I 
I 
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PARAMETERS ASSOCIATED WITH EXPONENTIAL TERMS. 

CUEFFI CI ENTS EXCRETORY EXCRETIUN 
HALF-LIVES RATES 

1 5.40OE-01 3.98OE-0 1 1 742E+OO 
2 2.900E-01 4 . 9 5 0 E + 0 0  I e400E-0  1 
3 1.100E-01 5 7 75E+O 1 1 2 0 0 E - 0 2  
4 4.OOOE-02 6.9 3 0 E + 0 2  1 0 0 0 E - 0 3  
5 2.00OE-02 5 . 3 3 1 E + 0 3  1 300E-04 

INITIAL BURDENS. 

INTAKE . 0.000E-01 MICROCURIES 

UPTAKE 0.00OE-01 MICROCURIES 

QlNSTANT RATES. 

INTAKE RATE 

UPTAKE RATE' 

1 0 0 0 E - 0 6  MI CROCURI ES/DAY 

3 .000E-07 MI C R U C U R I  ES/DAY 

RADIONUCLIDE -- 88 R A - 2 2 6  

REFERENCE URGAN -- BONE 

WDE OF INTAKE -- I N GE ST I U N  

TIME (DAYS) RATE (REMS/DAY) 

0 000 E-0 1 
1 * 8 2 5 E + 0 3  
3 * 6 5 0 E + 0 3  
5 . 4 7 5 E + 0 3  
7 . 3 0 0 E + 0 3  
9 . 1 2 5 E + 0 3  
1 0 9 5 E + 0 4  
1.277E+O4 
1 4 6 0 E + 0 4  
1 642E+O4 
1 8 2 5 E + 0 4  

0. 0000E-0  1 
I 87 I 2 E - 0 5  
2.6 18C)E-05 
3 . 1 2 4 3 E - 0 5  
3 .5097E-05 
3.8 1 0 9 E - 0 5  
4 . 0 4 7 6 E - 0 5  
4 . 2 3 3 9 E - 0 5  
40 3 8 0 5 E - 0 5  
4 . 4 9 5 9 E - 0 5  
4 . 5 8 6 7 E - 0 5  

DUSE (REMS) 

TYPE 
I-FUR MORE TABULATIUN 
2-TO CHANGE INTAKES 
+TU CHANGE NUCLIDES 
&FUR GRAPH 
5 T O  EXIT 
5 

B U  TIME: 3.92 ELAPSED TIME? 11:10.62 
NO EXECUTION ERRORS DETECTED 

EXIT 



4-116 

TABLE 4-1 2 A  B I O R A 2  BIOACCUMULATION FACTORS FOR FRESHWATER BIOTAa 
RADIllNUCLI DE AQUATI C-PLANTS INVERTEBRATES 

1 00E+00 
4.55E+O3 
l o  0OE+02 
1 00E+02 
1 0 00E+O4 
1 0OE+02 
I 0OE+04 
40 OOE+O 1 
1 00E+O4 
10 00E+03 
1 0OE+03 
20 00E+02 
2000E+02 
20 00E+02 
50 OOE+O 1 
1 0 0 0 E + 0 3  
1 00E+03  
1 00E+03 
5 0  OOE+O 1 
50 OOE+O 1 
50 OOE+O I 
50 OOE+O 1 
1 00E+03  
1 00E+03  
1 00E+03  
50 00E+02 
50 00E+02 
5000E+02 
5*00E+03  
50 00E+03  
5 0 0 0 E + 0 3  
1 000E+03 
I 00E+03  
8 0  00E+O2 
I 00E+03  
4*00E+01 
20 00E+02 
20 00E+02 
2000E+02 
2 0 0OE+O 2 
1 0 00E+02 
1 50E+03 
1 50E+03  
1 50E+03 
I 50E+03  
1 0 0 0 E + 0 3 ~  
1 0 0 0 E + 0 3 ~  
I 00E+03b  
1 0 0 0 E + 0 3 ~  
1 00E+03b 
1 00E+03b 
1 00E+03b 
4000E+Ol  
40 00E+O 1 
4*00E+01 
4*00E+01 
4*00E+OI 
40*00E+01 
4oOOE+Ol 

1 00E+OO 
9.096+03 
1 70E+O1 
1070E+01  
1 0OE+05 
1 00E+02  
1 00E+03  
20 OOE+O 1 
4.00E+04 
30 20E+03 
3.2QE+03 
20 00E+02 
2 * 0 0 E + 0 2  
2000E+02 
1 00E+02 
1 0 0 0 E + 0 3  
1 00E+04  
1 00E+04 
30 33E+02 
30 33E+O2 
30 33E+02 
30 333+02 
1 00E+03  
1 000E+03 

1 00E+02 
1 00E+02  
1 0 OOE+02 
1 00E+03  
I 000E+03  
I oOOE+03 
60 67E+OO 
60 67E+00 
I 00E+O2 
I OOE+O I 
50 00E+00 
30 OOE+02 
3000E4-02 
30 OOE+02 
70 69E+02 
I 00E+03  
I OOE+O 1 
1 00E+01 
1000E+01 
1 oOOE+QI 
60 IOE+03b 
60 10E+03b 
60 10E+03b 

1 ;00E+03 

6. I OE+6qb 
-6-*flJMBb 
6.1-0 E+03b 
~6510 E+-O-@ 
50 OOE+OO 
So-OOE+OO 
5 o O O E + 0 0  
50 OOE+OO 
S o  00E+00 
S 00 E+OO 
5*00E+00  

H- 3 
C- 14 
N A - 2 2  
N A - 2 4  
P- 32 
s- 35 
SC-46 
CR- 5 1 
MN- 54 
FE-55 
FE- 59 
co-57  
CO- 58 
Cl1-60 
N I - 6 3  
C U - 6 4  
Z N - 6 5  
ZN-69M 
BR-80M 
BR-82 
BR- 8 3 
BR- 84 
RB-86 
RB-88 
RB-89 
S R - 8 9  
SR-90 
SR-9  1 
Y-90 
Y-9 1 
Y-93 
Z R - 9 5  
Z R - 9 7  
NB-95 
M O - 9 9  
TC-99 
RU- I 0 3  
RU- 1 0 6  
RH- 1 0 5  
AG- 1 1OM 
SN- 1 2 5  
SB- I 2 2  
SB- 1 2 4  
SB- 1 2 5  
SB- I27 
TE- 125M1 
TE- I 2 7  
TE- 127M 
TE- I 2 9  
TE- I 2 9 H  
TE-131M 
TE- I 3 2  
1 -129  
1-130 
1-1 3 1  
1-132 
1-133 
1 -134  
1 - 1 3 5  

a I f  not otherwise noted, f a c t o r s  f o r  aquat ic  p l an t s ,  i nve r t eb ra t e s ,  and 
f i s h  a re  derived from values given i n  S. E. Thompson e t  a l . ,  Concentration 
Fac tors  of Chemical Elements i n  Edible Aquatic Organisms, Lawrence Liver- 
more Laboratory, UCRL-50564 Rev. 1 (October 10, 1972). 

FI  SH 
1 00E+00  
4.55E+03 
2 0 OOE+O 1 
2 L)OE+O 1 
1 00E+05  
70 50E+O2 
1 00E+02 
40 OOE+O 1 
1 0 00E+02 
1 0 00E+02 
I 00E+02 
2 00 E+O 1 
2 0 OOE+O 1 
2000E+O 1 
1 0 00E+02 
20 00E+02 
I 00E+03 
I000E+03  
40 17E+O2 
40 I7E+02  
40 17E+02 
40 17E+02 

20 00E+03  
20 00E+03  
5*00E+OO 
S o  00E+00 
5.00E+00 
20 SOE+O 1 
2 50E+O I 
2050E*01 
30 33E+00 
3.33E+00 
30 OOE+O4 
1 OOE+O I 
1 50E+O 1 
I OOE+O 1 
I OOE+O I 
1 oOOE+O I 
2031E+00  
3 00 E+O 3 
1 00E+00 
1 00E+00 
l o  ooE+oo 
1 00E+00 
4000E+O2b 
40 O@E+O2b 
40 0QE+02b 
4 00 E+02b 
4 0 0 0 E + 0 2 b  
4 0 0 0 E + 0 2 ~  
4 o-OOE+OPb 
1 SOE+O I 
1 SOE+O I 
I SOE+O 1 
1 50E+O I 
I 5OE+O I 
I SOE+OJ 
I SOE+O I 

2". 00E+03  

MUSKRAT 
1 . 0 0 ~ + 0 0  
6.55E+03 
1 58E+02 
8 0 64 E+00 
1 46E+04 
60 38E+02 
30 17E+00 
7.66E-0 I 
8 0  06E+02  
1044E+03 
60 15E+02 
70 95E+O 1 
7026E+Q 1 
8 2 1 E+O 1 
20 I6E+02  
20 14E+01 
1 44E+03 
80 35E+00 
1 30E+00 
90 36E+00 
70 20E-0 1 
1 51 E+OO 
1 90E+03  

'1 44E+00 
2 W E - 0  1 
1 0 9 E + 0 3  
20 16E+03 
80  64E+00 
1093E-01 
40 18E+00 
30 02E-02 
7.99E-0 1 
1 0 O2E-02 
30 86E-0 1 
20 0 7E+02 
2088E+00  
50 36E+00 
6*22E+OO 
70 66E+00 
1 4 1 E+OO 
5 40 E+ 00 
1 68E+01 
1 49B+O2 
20 33E+02 
20 27E+OI 
4*32E+02  
I*37E+OI 
40 68E+02 
1 84E+00 
3 0 6 0 E + 0 2  
4*14E+01  
9 36E+0 I 
S o  763+02  
8093E+OO 
4038E+O I 
50433-03 
5.0 I E+OO 
2 0 7E-0 1 
1*61E+00 

bCalculated from s t a b l e  element ana lys i s  l i s t e d  i n  the  Fa r l ey  Nuclear 
Power S ta t ion  Environmental Report, Georgia Power and Light Company 
71972) - 
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TABLE 4-12!. (cont inued)  

RADIONUCLIDE AQUATI C-PLANTS INVERTEBRATES 
cs- 1 3 4  
CS- 1 3 6  
cs- 1 3 7  
CS- 138 
BA- 1 4 0  
LA- 1’40 
CE-141 
CE- 1 4 3  
CE- 1 4 4  
PR- 1 4 3  
ND- 1 4 7  
PM- 147 
EU- 1 54 
EU- 1 5 5  
TA- 1 8 2  
W- 185 
W- 1 8 7  
PB-2 1 0  
B1-210  
PO-2 10 
RA-226 
TH-228 
TH- 2 30 
TH-231 
TH- 2 34 
PA- 234 
U - 2 3 2  
U - 2 3 3  
U - 2 3 4  
U - 2 3 5  
U - 2 3 6  
U - 2 3 7  
U - 2 3 8  
NP-237 
NP-239 
PU-236 
PU- 238 
PU-239 
PU-240 
PU- 24 1 
PU-242 
AM-24 1 
AM-243 
CM-242 
CM-244 

80 QOE+Q 1 
8 * 0 0 E + Q  1 
8oOQE+Ql  
8 o 0 0 E + Q 1  
5 * 0 0 E + Q 2  
50 0 0 E + Q 3  
50 Q 0 E + 0 3  
5 OQE+Q 3 
5 o Q Q E + Q 3  
5 e  0 0 E + Q 3  
5 0 0 0 E + Q 3  
5 QOE+Q 3 
5 QOE+Q 3 
5 OQE+Q 3 
8 e QQE+Q2 
1 2QE+Q3 
1 2 0 E + Q 3  
20 QQE+02  
1.0QE+Q5 
2 * 0 Q E + Q 3  
20 5QE+Q3 
1 5 Q E + 0 3  
1 5 Q E + Q 3  
1 5 0 E + Q 3  
1 5 Q E + 0 3  
I s 1 3 E + Q 3  
1 0 Q E + Q 3  
1 QQE+Q3 
1 0 Q E + 0 3  
1 Q 0 E + Q 3  
10 0 Q E + Q 3  
1 oQQE+Q3 
1 QQE+Q3 
1 QQE+Q3 
1 0 0 E + Q 3  
3- 5QE+Q2 
30 5 Q E + 0 2  
3 .50E+Q2 
30 5 0 E + 0 2  
3 . 5 0 E + 0 2  
3 .50E+Q2 
5 -  QQE+Q3 
5 00 E+Q 3 
5 .00E+Q3 
5 0  QOE+Q3 

1 00 E+02  
1 QQE+02  
l o  0 0 E + 0 2  
1 QQ E+Q2 
2 o Q 0 E + Q 2  
1 QOE+Cl3 
1 Q 0 E + Q 3  
1 QQE+Q3 
1 0 0 E + 0 3  
1 0 0 E + 0 3  
1 0 0 E + Q 3  
1 0 0 E + Q 3  
1 * 0 0 E + Q 3  
1. QQE+Q3 
6 e  6 7 E + 0 2  
10 QOE+Q 1 
1 0 0 E + 0  1 
1 0 0 E + Q 2  
1 QOE+QS 
2- QOE+Q4 
20 5 0 E + Q 2  
5 0  Q0E+Q2 
5.Q0E+Q2 
50 QQE+Q2 
5 QQ E+ 02 
1 1 3 E + Q 2  
1 0 0 E + Q 2  
1 QQE+Q2 
1 QQE+Q2 
1 Q0E+Q2 
1 QQE+02  
l o  0 Q E + 0 2  
10 QQE+Q2 
4 0 0 0 E + Q 2  
4 o Q Q E + 0 2  
1 QQE+Q2 
1 QOE+Q2 
1 0 0 E + Q 2  
1 e 0 0 E + 0 2  
1 OOE+02 
1 0QE+Q2 
1 0 Q E + 0 3  
1 QQE+Q3 
1 0QE+Q3 
1 QQE+Q3 

F I S H  
40 0QE+Q25  
4.QQE+02 
4 00 E+ 0’2 
4 0 0 0 E + 0 2  
4 .0QE+00  
20 5QE+Q 1 
20 5QE+01  

2 .5QE+0  1 
20 5 0 E + Q  1 
20 50E+Q 1 
2.5QE+Q 1 
2 * 5 0 E + Q  1 
2 0 50E+Q 1 
3 e 0 Q E + 0 4  
1 2OE+Q3 
1 2 0 E + 0 3  
3 * 0 Q E + 0 2  

50 OQE+Q 1 
5 * 0 Q E + 0 1  
3.OQE+O 1 
30 QQE+O 1 
3oOQE+Q 1 
30 QQE+Q 1 
1 .13E+Q1 
1 QQE+O 1 
1 dQE+O 1 
1 3QE+O 1 
1 QQE+Q 1 
1 QQE+Q 1 
1 QQE+Q 1 
1 QQE+Q 1 
1 OQE+Q 1 
1 oQQE+Q 1 
3- 5 0 E + Q 2  
3 .50E+Q2 
3.5QE+02 
30 5QE+Q2 
3 .50E+Q2 
30 5 0 E + 0 2  
20 5QE+01  
20 5QE+0 1 
20 5QE+0 1 
20 SQE+Q 1 

9 - 5 0 E + O  1 

1. SQE+O I 

‘Y. C .  Ng e t  a l . ,  P r e d i c t i o n  of t h e  Maximum Dosage t o  Man from t h e  F a l l o u t  
of Nuclear  Devices: E. Handbook f o r  Es t imat ing  t h e  Maximum I n t e r n a l  
Dose from Radionucl ides  Released t o  t h e  Biosphere,  Lawrence Livermore 
Laboratory,  UCRL-50163 P a r t  I V  (May 1968) .  

MUSKRAT 
7e49E+(12 
1 2 7 E + Q 2  
8 e  Q6E+Q2 
2 .53E+Q0 
3.85E+Q 1 
1 2 1 E-Q 1 
2- I 6 E + 0 0  
9,i 5 8 E - 0 2  
7- 20 E+ 0 0 1 
9 72E-Q I 
7.99 E-0 1 
7 * 2 0 E + 0 0  
7.2QE+00 
7.2QE+00 
8 76E-0  1 
1 e 7 3 E + 0  1 
80 64E+QO 
2 e 3 Q E + Q 3  
3 .6QE+02  
4 0 3 2 E + 0 2  
1 0 8 E + 0 4  
20 16E+0Q 
2 . 1 6 E + 0 0  
2 .31E-02  
5.20E-0 1 
40 5 6 E - 0 3  
1 4 4 E + Q 0  
I 44E+0O 
1 0 4 4 E + 0 Q  
1 44E+0Q 
l o44E+OQ 
9- 0 Q E - 0 2  
1 44E+OO 
1 44E+Q0 
3.36E-Q2 
1 5 0 E - 0  1 
1 50E-01  
1 e 50E-Q 1 
1 5QE-0 1 
1 SOE-c) 1 
I 50E-0  1 
7 .20E+00  
70 2QE+QQ 
7 0 2 0 E + 0 0  
70 2QE+QQ 
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TABLE 4-1 2B BIORAP BIOACCUMULATION FACTORS FOR MARINE BIOTAa 

RADIONUCLIDE ALGAE 

H- 3 
C-14 
MA-22 
N A - 2 4  
P- 32 
s-35 
SC-46 
CR- 5 1 
MN- 54 
FE-55 
FE- 59 
C O - 5 7  
CO- 58 
C O - 6 0  
NI -63  
CU- 64 
ZN-65 
W-69M 
BR-8OM 
BR-8 2 
BR-83 
BR-84 
RB-86 
RB-88 
RB-89 
SR-89 
S R - 9 0  
SR-9 t 
Y-9Q 
Y-9 1 
Y-9 3 
ZR-OS 
ZR-97 
NB-95 
MO-99 
TC-99 
RU-103 
RU-106 
RH-195 
AG-1.1 OM 
SN-125 
SB-122 
SB-124 
SB-125 
SB-127 
TE-12SM 
TE-187 
TE-lPRI 
TE-189 
TE-189M 
TE-131H 
TEE 1 38 
1-189 
1-139 
1-191 
1-138 
1-133 
1-134 
I;-135 

.1 00E+00 
1.. 00 E+ 0 0 
1.1-00E+00 
1,-oiO 0 E+OO 

4.0-00E+00 

l..o*OOE+O 3 
1 .. 0 0 E+O4 
6.00 E+O 3 
60.0 0 E+O 3 

I;-OOE+05 

.l:iOOE+O 3 

,.l .O OE+O 2 
J.XOOE+02 
l.:OOE+02 

1 0 0 0 E + 0 3  
10 0 0 E+O 3 

1.~0~00 E+ 02 
l.0- OOE+O 3 

1..00E+02 
.1*-.00 E+ 0 2 
1.0 00 E+02 
,IO 00 E+ 02 
l.~o~OOE+Ol 
lo-o0E*Ol. 
lrOOE+Ol. 
2; 0 OE+ 0.1 
2; OOE+41 
2;00E+0 1 
3iOOE+02 
3.i00E+02 
3; 0 0 E+O 2 
l r 0 0 E + 0 3  
J.;"OOE+O 3 
1~000E+02  
1.00E+02 
1000E+03  
I O OOE+O 3 
1GOOE+O3 
1:00E+02 
IOOOE+O3 
l.YOOE+O 1 
10 OOE+O4 
1.000E+04 
l.o*OOE+O4 
1:003+04 
-J.yOOE+63 
A:OOE+O3 
liOOE+O3 
1:00E+03 
1i00k03 
1OOOE+O3 
l i O O E + O 3  
liOOE+O4 
l:OOE+04 
li'OOE+04 
1;'00E+04 
liOOE+O4 
li'OOE+O4 
1000E+04 

HOLLU SKS/ 
CRUSTACEANS 

1.. 00E+00 
1 '0 00 E+ 00 
1..00E+OO 
.I OOOE+OO 
1 0.00 E+ 04 
4.00E+00 
30-0 0 E+ 0 2 
1 00 E+ 03 
5.00E+04 
2. 00E+04 
2OOOE+O4 
.l ;-00E+04 
l,.o.OO E+ 04 
4;.00E+O4 
1i '00E+02 
5000E+ 0 3 
5.0 OOE+O4 
5.-OOE+O4 
1 .e 00 E+ 01. 
1.1.00 E+O.i 
J . 00 E+ 0 1. 
I0OOE+OI 
SI0 0 E+O 1 
-5OOOE+01 
5YOOE+O 1 
l.oiOOE+OO 
.I 0 00 E+ 00 
1;00E+00 
1 * 0 0 E + 0 2  
l.0 00 E+O 2 
.l.:OOE+O2 
1. 0 00 E+02 
1;00E+02 
2000E+02  
l.-OOE+02 
10- 00 E+ 0 2 

1mOOE+Q2 
1 -0 00 E+O 2 

30  00 E+O 0 

1000E+O2 

5 0  00 E+O 3 

1Y00E+03 
X i  00 E+O 3 
1.: 00 E+O 3 
X;OOE+O3 
l iOOE+08 
XiOOE+O$ 
1TOOE+O8 
l-iook+o$i 
1; 00 E+O8 
l rOOE+08  
1;OOE+O8 
1; 00 E+ 08 

00 E+08 
1; 00 E+ 08 
lr00E+08 
l - ~ O O L U O B  
1;'60kO8 
1 i' 00 E+O 8 

FI SH 

.I oOOE+OO 
1 o.OOE+OO 
.I 'e-00 E+OO 

1 '0- 0 0 E+ 04 
4'-.0OE+OO 

1 .e-0 OE+ 0 2 

1~00E+O.O 

l.=OOE+02 

3OOOE+03 
I ;00E+03 
.I .. 00 E+O 3 
1.0 OOE+O 2 
1 '0 OOE+ 0 2 
I .00E+02 
51- 00 E+ 0 2 
1 .iOOE+O 3 
S0.00 E+ 0 3 
Si 00 E+O 3 
3;' 00 E+O 0 
3*-00E+00 
30.00 E+ 0 0 
3:00E+00 
3000E+01 
3.a- OOE+O 1 
31-OOE+O I' 
1 0 0 E + 0 0  
1 0 0 E + 0 0  
1 r 00 E+OO 
3000E+0 1, 
3:00E+O I 
3;00E+01. 
30-00E+O 1 
30OOE+O 1, 
3000E+02  
1; 00 E+Ol 
1 0OOE+O 1 
3000€+00 
30OOE+OP 
IOOOE+O 1 
I 000E+03  
3iOOE+OO 
1;' 00 E+O 3 
1000E+03 
I:OOE+O3 
l:OOE+O3 
I;'OOE+Ol 
1YOOE+O1 
lrOOE+01 
1,OOE+O1 
.L~OOE+01  
li'OOE+OJ 
l;'OOE+01 
SiOOE+O1 
o;'OOE+O1 
8;'ooE+o1 
8i'OOE+O1 
8;'ooE+o1 
8;'ooE*o1 
8OOOE+O I 

WATERFOWL/ 
SHORE BIRDS 

1 OOE+OO 
1'044E+00 
1.58E+00 
8;  64E-02 
1 046 E+O 5 
21-55E+O 1 
30 17E-01 
r e . 9  1 E+O 1 
8 .006E+02 
8; 6OE+O3 
30 69 E+03 
3.9 7E+O 1. 
3;63E+O I 
Pi 1 OE+O 1 
4;32E+02 
2014E+O 1 
1044E+03  
8.0.3 5E+ 00 
2.0 59E+00 
-1.8 7E+O 1 
i . 4 4 ~ + 0 0  
3*02E+00  
1 :90E+0 1 
1 o44E-02 
2.88 E-03 
4 r 3 2 E + 0  1 
81 64E+O.l 
3O45E-0 1 
1Ol6E-02 
2;-50E-01 
1'0.8 1 E-0.3 
7 r 9 9 E - 0  1 
1002E-02 
4aS2E-02 
2007E+01 
7020E+01. 
2 i' 60 E+O1 
3 0 l l E + 0 1  
3';83E+00 
7 i 0 6 E + 0 0  
5O40E-0 1 
1<12E+OQ 
9O94E+02 
10553+03 
10 1 7E+03 
4i '323+01 
l r 3 7 E + 0 1  
4:68E+02 
l r 8 4 E + 0 0  
3i6OE+O2 
40 14E+01 
S?O36E+O 1 

6i9 1 E+02 

1;'40E+02 
1'; 85E+03 
&18E+Ol 
4O03E+02 

I 94E+O 5 

1.09E+04 

a 
If not ocherwise noted, f ac to r s  f o r  algae,  mollusks/crustaceans, and f i s h  
were taken from A.  M. Freke, "A model for the  approximate calculat ion of 
s a fe  r a t e s  of discharge of radioact ive wastes i n t o  marine environments," 
Health Phys. 2 ( 7 ) ,  743 (1967). 
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TABLE 4-12B (cont inued)  

RADIONUCLIDE 

cs- 1 3 4  
CS-  1 3 6  
CS- 1 3 7  
CS- 1 3 8  
BA- 140 
LA- 1 4 0  
CE-141 
CE- 1 4 3  
CE- 1 4 4  
PR- 1 4 3  
ND- 1 4 7  
PM- 1 4 7  
EU- 154 
EU- 155 
TA- 1 8 2  
W-185 
W-187 
PB-210 
B I - 2 1 0  
PO-210 
R A - 2 2 6  
TH-228 
TH-230 
TH-231 
TH-234 
PA-234 
U - 2 3 2  
U - 2 3 3  
U - 2 3 4  
U - 2 3 5  
U - 2 3 6  
U - 2 3 7  
U- 238 
NP-237 
NP-239 
PU-236 
PU-238 
PU-239 
PU-240 
PU- 24 1 
PU- 242 
AM-241 
A M - 2 4 3  
CM-242 
0 4 - 2 4 4  

ALGAE 

1 OOE+O 1 
1 .OOE+O 1 
1 OOE+O 1 
1 0 0 E + 0  1 
1 0 0 0 E + 0 2  
3.00E+02 
30 0 0 E + 0 2  
30 0 0 E + 0 2  
3 * 0 0 E + 0 2  
1 0 0 E + 0 3  
1 0 0 E + 0 3  
1 0 0 E + 0 3  
1 0 0 E + 0 3  
1 0 0 0 E + 0 3  
1 0 0 E + 0 2  
1 0 0 0 E + 0 2  
1 00E+O2 
1 0 0 E + 0 3  

2 0 0 0 E + 0 3  
1 0 0 E + 0 2  
3 0 0 0 E + 0 3  
3 0 0 0 E + 0 3  
30 0 0 E + 0 3  
3 0 0 0 E + 0 3  
60 OOE+OO 
60 67E+0 1 
6.67E+O 1 
60 67E+O 1 
6.67E+O 1 

1 OOE+OSb 

6.67E+Q 1 
6.67E+O 1 
60 67E+0 1 
6. OOE+OOC 
6 .00E+00C 
3- 50E+02'  
30 50E+02' 
30 50E+02'  
30 50E+02'  
3.50E+02' 
3.50E+02' 
S.OOE+O 3 
5 .00E+03C 
S.OOE+O 3 
5 OOE+O 3 ' 

MOLLUSKS/ 
CRUSTACEANS 

50 OOE+O 1 
5.OOE+O 1 
5 0  OOE+O 1 
5 0  OOE+O 1 
3 * 0 0 E + 0 0  
1 0 0 E + 0 2  
1 0 0 E + 0 2  
1 0 0 E + 0 2  
1 0 00E+02 
1 0 0 E + 0 3  
1 0 0 E + 0 3  
1 0 0 E + 0 3  
1 0 0 E + 0 3  
1 0 0 E + 0 3  
1 0 0 E + 0 3  
1 0 0 E + 0 2  
1 0 0 E + 0 2  
l o  0 0 E + 0 3  
1 OOE+OSb 
20 0 0 E + 0 4  
1 0 0 E + 0 2  
20 0OE+03 
2 .00E+03 
20 0 0 E + 0 3  
2 0 0 0 E + 0 3  
1 OOE+O 1 
loOOE+OIC 
1 00 E+0 1 ' 
1 OOE+O 1 
1 00 E+ 0 1 ' 
l o 0 0 E + 0 l C  
l ~ O O E + O I C  
1 00 E+ 0 1 ' 
1 OOE+O 1 
1 . 0 0 E + 0 l C  
1 00E+02'  
1 0  00E+02'  

1 00E+02'  

1 00E+02'  

1 .00E+02C 

1 00E+02'  

1 .00E+03C 
1.00E+03C 
I.  00E+03'  
1 0 0 0 E + 0 3 ~  

FISH 

30 OOE+O 1 
3.00E+O 1 
30 OOE+O 1 
3.0OE+O 1 
3 0  0 0 E + 0 0  
3.'00E+0 1 
30 00E+O 1 
3 00 E+O 1 
3000E+O 1 
1 0 0 E + 0 2  
1 0 0 E + 0 2  
1 .00E+02 
1 0 0 0 E + 0 2  
1 .00E+02 
1 0 0 E + 0 2  
1 OOE+O 1 
1 OOE+O 1 
30 0 0 E + 0 2  
1 50E+O 1 b 
2 0 0 0 E + 0 3  
5*00E+O 1 
1 0 0 E + 0 4  
1 000E+O4 
1 0 0 E + 0 4  
1 .00E+04 
1 OOE+O 1 
1 OOE+O 1 
1 00E+O 1 

1 .OOE+O 1 
1 00 E+O 1 
1 0 0 0 E + 0 1  
1 OOE+O 1 
1.00E+01 
loOOE+OIC 
3. 5 0 E + 0 0 C  

30 5 0 E + 0 0 C  
30 50E+OOC 
3. 5 0 E + 0 0 C  
30 50E+OOC 
20  50E+O 1 
2 50E+O 1 ' 
20 5 0 E + 0  1 
20 50E+01 

1 OOE+O 1 

30 5 0 E + 0 0 C  

VAT ER FO VL / 

9 36E+O 1 
1 58E+O 1 
1 0 1 E+ 02 
30 22E-0 1 
7.70E+00 
7 - 2 6 E - 0 3  
1 3OE-0 1 
5 .74E-03 
4. 32E-0 1 
1 0 9 4 E - 0 1  
1 60E-0  1 
1 4 4 E + 0 0  
1 4 4 E + 0 0  
1 4 4 E + 0 0  
1 O9E-0 1 
1 4 4 E + 0 0  
70 20E-0 1 
1 1 5 E + 0 3  
30 6 0 E + 0 2  
4 * 3 2 E + 0 2  
4 .32E+02 
4 * 3 2 E + 0 0  
40 3 2 E + 0 0  
4.62E-02 
1 0 4 E + 0 0  
20 4 2 E - 0 5  
90 6 0 E - 0 2  
90 60E-02 
9 6OE-02 
90 6OE-02 
9 6OE-02 
6 00 E- 0 3 
90 6 0 E - 0 2  
80 6 4 E - 0 3  
2.01E-04 
1 5 1 E-0 1 
1 5 1 E-0 1 
1 5 1  E-01 
1 0 5 1 E - 0 1  
1.51E-01 
1 5 1 E- 0 1 
7.20E-0 1 
70 20E-0 1 
70 20E-0  1 
70 20E-0  1 

SHORE BIRDS 

c S. E. Thompson e t  a l ,  Concent ra t ion  F a c t o r s  of Chemical Elements i n  
Edib le  Aquat ic  Organisms, Lawrence Livermore Laboratory,  UCRL-50564 
Rev. 1 (October 10, 1972). 
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TABLE 4-13A BIORA2 ESTIMATES OF INTERNAL DOSE TO FRESHWATER BIOTA (mill i r a d s l y e a r )  

RADIO-  
NUCLIDES 

H- 3 
C- 1 4  
NA- 22 
N A - 2 4  
P- 32 
s-35 
SC-46 
CR- 5 1 
MN- 54 
FE- 55 
FE- 59 
GO- 57 
CO- 58 
CO-60 
N I - 6 3  
CU- 64 
ZN-65 
ZN- 6 9 M  
BR- 80M 
BR-82 
BR-83 
BR-84 
RB-86 
RB- 8 8 
RE- 89 
SR- 89 
SR-90 
SR-9 1 
Y-90 
Y-9 1 
Y-93  
ZR-95 
ZR-97 
NB-95 
M U - 9 9  
TC-99 
RU- 1 0 3  
RU- 1 0 6  

AG- 11OM 
SN- 1 2 5  
SB- 1 2 2  
SB- 1 2 4  
SB- I 2 5  
SB- 1 2 7  
TE- 125M 
TE- 1 2 7  
TE- 127M 
TE- 1 2 9  
TE- I29M 
TE- 131M 
TE- 1 3 2  
1 - 1 2 9  
I- 130 
1 - 1 3 1  
1 - 1 3 2  
1 - 1 3 3  
1 - 1 3 4  
1 - 1 3 9  

RH- 1 a5 

MICRO- 
CUR1 E/ML 

1 OE+OO 
1 OE+OO 
1 OE+00 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
I OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 e OE+OO 
1 OE+OO 
1 OE+OO 
I OE+OO 
1 OE+OO 
I OE+OO 
1 OE+OO 
1 OE+OO 
10 OE+OO 
I OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+'OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
I OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
I OE+OO 
1 OE+OO 
I OE+OO 
l o  OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 rn OE+OO 

AQUATI C 
PLANTS 
1 0 9 E + O 5  
4.6E+O9 
30 OE+09 
5.OE+09 
1 0 3 E + l l  
1 OE+08 
2 * 4 E + l  1 
1 9 E + 0 7  
9 . 5 E + l O  
1 2E+O8 
1 5E+  I 0 
30 4 E + 0 8  
2 .3E+09  
50 6 E + 0 9  
20 OE+07 
40 7 E + 0 9  
60 OE+09 
1 0 2E+ 1 0 
6 . 9 E + 0 8  
10 7 E + 0 9  
30 6 E + 0 8  
20 2 E + 0 9  
1 3E+ 1 0 
50 1 E + l O  
3 0 7 E + 1 0  
S o  1 E + 0 9  
l o O E + I O  
20 OE+ 1 0  
8 0 3 E + 1 0  
5 0 5 E + l O  
1 0 6 E + l l  
2 * 1 E + 1 0  
30 9E+ 1 0  
7.6E+0.9 
1oOE+10  
70OE+07 
1 6 E + 0 9  
50 2 E + 0 9  
60 7 E + 0 8  
6 0 4 E + 0 9  
1 8 E + 0 9  
2 0 3 E + l O  
4 . 5 E + 1 0  
l * O E + l O  
2 0 8 E + 1 0  
2 0 8 E + 0 9  
4 . 5 E + 0 9  
60 OE+09 
1 0 8 E + l O  
20 l E * l O  
30 OE+ 1 0  
30 6 E +  1 0  
6oOE+O7 
90 7 E + 0 8  
30 3E+O8 
1 3 E + 0 9  
60 3 E + 0 8  
3 I E + 0 9  
90 7 E + 0 8  

INVERTE- 
BRATES 
1 9 E + 0 5  
9 2E+O9 
5 .  I E + 0 8  
8 . 6 E + 0 8  
1 * 3 E + 1 2  
1 OE+08 
2 . 4 E + l O  
9 . 4 E + 0 6  
3. 8 E +  1 I 
3 0 9 E + 0 8  
4 0 8 E + 1 0  
3 .4E+08  
20 3 E + 0 9  
50 6 E + 0 9  
30 9 E + 0 7  
4 .7E+09  
6.OE+ 1 0  
I 0 2 E + l l  
40 6 E + 0 9  
1 0  1 E + l O  
2 . 4 F + 0 9  
1 0 4 E + 1 0  
1 3E+ 10 
5 . 1 E + 1 0  
3 0 7 E + l O  
1 OE+09 
2 .1E+09  
3 0 9 E + 0 9  
1 7E+ 1 0 
1 0  1 E + 1 0  
30 2E+ 10 
1 4E+O8 
20 6 E + 0 8  
90 5E+O8 
1 OE+08 
8 * 8 E + 0 6  
2 . 5 E + 0 9  
70 9 E + 0 9  
1 OE+09 
2 0 4 E + l O  
1 .8E+10  
10 5 E + 0 8  
30 OE+08  
60 7 E + 0 7  
1 9 E + 0 8  
1 0 7 E + 1 0  
20 7E+ 1.0 
3 0 7 E + l O  
1 8E+  I 
20 1 E + 1 2  
1 0 8 E + l I  
3 0 6 E + l 2  
70 S E + 0 6  
1 2 E + 0 8  
40 I E + 0 7  
1 6 € + 0 8  
7 0 9 E + 0 7  
I 4 E + 0 8  
1 2 E + 0 8  

F1 SH 

1 0 9 E + 0 5  
40 6 E + 0 9  
6 * O E + 0 8  
1 OE+09 
1 0 3 E + 1 2  
70 9 E + 0 8  
20 4 E + 0 9  
1 0 9 E + 0 7  
90 5 E + 0 8  
1 2 E + 0 7  
1 5 E + 0 9  
3 .4E+07  
20 3 E + 0 8  
50 6E+O8 
30 9 E + 0 7  

6 e O E + 0 9  
1 * 2 E + 1 0  
5-  8 E + b 9  
1 0 4 E + 1 0  
3.OE+09 
1 8 E+ 1 0 
2 0 6 E + 1 0  
1 OE+ 1 1- 
7 4E+  1 0 
5 0  l E + 0 7  
1 OE+O8 
20 OE+08 
40 2 E + 0 8  
2 a 8 E + 0 8  
70 9 E + 0 8  
60 8 E + 0 7  
1 3 E + 0 8  
2 0 9 E +  1 1 
1 OE+08 
20 6 E + 0 7  
80 2 E + 0 7  
20 6 E + 0 8  
30 4 E + 0 7  
70 3 E + 0 7  
50 3E+ 10 
I 5 E + 0 7  
30 OE+07  
6 L  7 E + 0 6  
1 9 E + 0 7  
1 1 E+09  
1; 8 E + 0 9  
2 * 4 E + 0 9  
70 3 E + 0 9  
80 2 E + 0 9  
1 0 2E+ I 0 
1 0 4 E + l O  
20 e E + 0 7  
30 6 E + 0 8  
I 2 E + 0 8  
40 8 E + 0 8  
e o O E + 0 8  

30 6Eu08 

9. ~ E + O B  

4. e ~ + o 8  

MUSKRATS 

1 9 E + 0 5  
6 .6E+09  
2 0 4 E + 0 9  
20 4 E + 0 8  
1 0 9 E + 1 1  
6 . 7 E + 0 8  
3 0 8 E + 0 7  
2.OE+O5 
30 5 E + 0 9  
1 8 E + 0 8  
4 0  8 E + 0 9  
70 9 E + 0 7  
3 .9E+08  
I I E + 0 9  
80 5 E + 0 7  
7 0 6 E + 0 7  
40 OE+09 
70 8 E + 0 7  
1 8E+O 7 
30 2E+O8 
5 0  1 E + 0 6  
60 6 E + 0 7  
2 0 3 E +  1 0  
70 4E+O 7 
1 0  1 E + 0 7  
1 0  l E + 1 0  
4 0 4 E + 1 0  
2 0 4 E + 0 8  
30 2 E + 0 6  
40 6 E + 0 7  
80 5 E + 0 5  
8 . 5 E + 0 6  
30 1E+OS 
1 9 E + 0 6  
1 8 E + 0 9  
50 1E+06 
2 . 7 E + 0 7  
1 6 E + 0 8  
20 6 E + 0 7  
20 2 E + 0 7  
9 . 5 E + 0 7  
20 1E+0'8 
20 6 E + 0 9  
1 6 E + 0 9  
30 6 E + 0 8  
I l E + 0 9  
6 0 , l E + O 7  
20 8 E + 0 9  
20 5 E + 0 7  
S o  6 E + 0 9  
7. S E + 0 8  
1 9 E + 0 9  
70 OE+08 
30 2 E + 0 7  
20 5 E + 0 8  
l o O E + 0 7  
60 OE+O 7 
40 3 E + 0 6  
e* 3E+O 7 



I 
I 
I 
I 
I 
I 
I 
I 
i 
1 
I 
I 
I 
I 
I 
1 
I 
1 
I 

RADIO- 
NUCLIDES 

cs- 1 3 4  
CS- 136 
cs- 1 3 7  
CS- 1 3 8  
EA- 1 4 0  
LA-  1 4 0  
CE-141 
CE- 1 4 3  
CE- 1 4 4  
PR- 1 4 3  
ND- 1 4 7  
PM- 1 4 7  
EU- 1 5 4  
EU- 1 5 5  
TA- 1 8 2  
W-185 
W-187 
PB-210 
B I - 2 1 0  
PO-210 
RA-226 
TH-228 
TH-230 
TH-231 
TH-234 
PA-234 
U - 2 3 2  
U - 2 3 3  
U - 2 3 4  
U - 2 3 5  
U - 2 3 6  
U - 2 3 7  
U - 2 3 8  
NP-237 
NP-239 
PU-236 
PU-238 
PU- 239 
PU- 240 
PU- 24 1 
P U - 2 4 2  
AM-24 1 
A M - 2 4 3  
CM-242 
CM-244 
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TABLE 4-13A (cont inued)  

INTERNAL DOSE TO BIOTAIMRADS/YH 

MICRO- 
CUR1 E/ML 

1 OE+OO 
1 OE+O0 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+00 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+00 
1 OE+OO 
1 e 0E+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 0 E + 0 0  
1 OE+00 
1 OE+OO 
1 OE+OO 
1 4 E + 0 0  
1 OE+OO 
1 OE+OO 
.I OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
l.OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
I OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 rn OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 

AQUAT I C 
PLANTS 
1 6 E + 0 9  
9 . 7 E + 0 8  
8 . 8 E + 0 8  
3 .9E+09  
2 . 2 E + 1 0  
1.8E+11 
2.0E+ 1 0 
9 . 1 E + 1 0  
1 0 2 E + 1  I 
3 OE+ 1 0  
3 * 7 E + 1 0  
60 5 E + 0 9  
1 * 2 E + 1 1  
1 5E+ 1 0  
1 6E+ 1 0  
3. l E + 0 9  
1 0 5 E + 1 0  
3.7E+lO 
1 9E+  1 3 
20 1 E + 1 2  
5 0  1 E + 1 2  
6 0 5 E + 1 2  
1 3E+ 1 2 
5 .0E+09  
20 6E+ 1 0  
2 0 3 E + 1 0  
5 2E+ 1 2 
9 . 4 E + l l  
9 0 2 E + l l  
8 . 6 E + 1 1  
8 * 8 E + 1 1  
30 1 E+09  
8.OE+ 1 1 
9 0 2 E + 1 1  
5 .4E+09  
2.2E+ 1 2  
3.7E+ 1 1 
3 0 5 E + l l  
3.5E+ I 1 
1 5E+ 10 
30 3E+ 1 1 
5 .3E+12  
5 0 O E + 1 2  
7.5E+ 1 2  
50 6E+ 1 2  

INVERTE- 
BRATES 
2.1 E + 0 9  
1 2 E + 0 9  
1 1 E + 0 9  
4 * 8 E + 0 9  
8 . 6 E + 0 9  
3 .6E+10  
30 9 E + 0 9  
1 8E+  1 0 
2 * 4 E +  1 0  
6 . 0 E + 0 9  
7. 5 E + 0 9  
1 3 E + 0 9  
2 4E+  1 0 
3.0E+O9 
1 .4E+10  
2.6E+O7 
1 3E+O8 
1 .9E+lO 
1 9E+  1 3 
20 l E + 1 3  
5 * 1 E + 1 1  
20  2E+ 1 2  
4 * 5 E + 1 1  
10 7E+O9 
80 5 E + 0 9  
2 * 3 E + 0 9  
5.2E+ 1 1 
9 4E+ 1 0  
9 . 2 E + I O .  
8 * 6 E + l O  
8 . 8 E + l O  
30 l E + 0 8  
8 OE+ 1 0 
3 0 7 E + l l  
20 2 E + 0 9  
6.4E+11 
1 0  l E + l l  
9 9 E+ 1 0 
9 0 9 E + 1 0  
40 3 E + 0 9  
9.5E+ 1 0  
1 0  l E + 1 2  
1 0 0 E + 1 2  
1 0 5 E + 1 2  
1 0 1 E + l 2  

FISH 

8 . 2 E + 0 9  
4.9E+O9 
4 .4E+09  
1 .9E+10  
1 7E+O8 
8 . 9 E + 0 8  
9 0 8 E + 0 7  
4.5E+O8 
60 1 E + 0 8  
1 5 E + 0 8  
1 9E+O8 
3 0 2 E + 0 7  
6.1 E + 0 8  
70 5 E + 0 7  
6.2E+11 
30 1 E+09  
1 .5E+lO 
5.6E+ 1 0  
20 E(E+09 
5 0  l E + l O  
l . O E + l l  
1 * 3 E + 1 1  
2 .7E+10  
1 OE+08 
5 .1E+08  
2 .3E+08  
50 2E+ 1 0  
9 .3E+09  
9 . 2 E + 0 9  
8.6E+O9 
8 .8E+09  
30 1 E+07  
8 e O E + 0 9  
90 2 E + 0 9  
5.4E+O 7 
2 0 2 E + 1 2  
30 7E+11  
3.5E+1 1 
305E+1  1 
1 0 5 E + I 0  
3.3E+ 1 1 
20 7 E+ 1 0 
2 0 5 E + l O  
30 7E+ 1 0 
2 o 8 E + I O  

MUSKRATS 

8.0E+O9 
8 . 3 E + 0 8  
6.2E+O9 
9 e Q E + O 7  
1 .OE+09 
20 5E+O6 
70 3 E + 0 6  
1 5 E + 0 6  
1 8 E + 0 8  
5 0 8 E + 0 6  
4.8E+1)6 
9 * 3 E + 0 6  
1 2E+O8 
l r 3 E + 0 7  
90 2E+O6 
405E+O 7 
7 . 1 E + 0 7  
1 * 1 E + 1 2  
1.8E+11 
4 . 4 E + l l  
2 . 2 E + 1 3  
9 . 7 E + 0 9  
1 9 E + 0 9  
40 8 E + 0 4  
8 . 8 E + 0 6  
5 0  1 E + 0 4  
5. 7E+09  
1 3 E + 0 9  
1 3 E + 0 9  
1 2 E + 0 9  
1 3 E + 0 9  
2 .0E+05  
1 2 E + 0 9  
1 3 E + 0 9  
1 0 4 E + 0 5  
4 . 8 E + 0 8  
1 6 E + 0 8  
1 5 E + 0 8  
Iy 5 E + 0 6  
60 5 E + 0 6  
1 4E+O8 
7 .7E+09  
70 3 E + 0 9  
8 . 6 E + 0 9  
80 l E + 0 9  
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TABLE 4-138 B IORA2 ESTIMATES OF INTERNAL DOSE TO MARINE B I O T A  ( m i l l  irads/year) 

RADIO- 
NUCLIDES 
H-3 
C-14 
NA- 22 
NA-24 
P- 32 
s- 35 
sc-46 
CR- 5 1 
MN-54 
FE- 55 
FE- 59 
cu- 57 
CO- 58 
c0,- 60 
N I - 6 3  
CU- 64 
ZN- 65 
ZN-69Pl 
ER-8OM 
ER-82 

BR-84 
RE-86 
RE-88 
RB- 89 
SR-89 
SR-9Q 
SR-9 1 
Y-9Q 
Y-9 1 
Y-9 3 
ZR-95 
Z R - 9 7  
NE-95 
MO-99 
TC-99 
RU-103 
R U - I 0 6  
RH-105 
AG-11 OM 
SN-125 
SB-122 
SB- 124 
SB-125 
SB-lS27 
TE-l25?4 
TE-127 
TE-127M 
TE-129 
TE-129M 
?E-131M 
?E- I3e 
I-lQ9 
1-1 30 
1-131 
1-139 
1-133 
1-134 
1-135 

-BR-8 3 

MICRO- 
CUR1 E/ML 

.1 OE+OO 
1..-OE+OO 
1 OE+OO 
1i-.OE+OO 
I i' OE+ 00 
1.O-E+00 
1 -0.0 E+OO 
l.O-OE+OO 
1.; 0 E+ 0 0 
1OOE+00 
-10 OE+OO 
1'*.OE+00 
.I O-OE+OO 
1:; OE+ 00 
1.; 0 E+OO 
1.:OE+OO 
1 .. 0 E+OO 
1 o-OE+OO 

Xi OE+ 00 
.lb.0E+00 
1.0 OE+00 
1 0 E+OO 
1.0 0 E+OO 
l.'o-~OE+OO 
l.OOE+OO 
Xo-OE+OO 
l.oOE+OO 
XiOE+OO 
l i O E + 0 0  
lOOE+OO 

-. l*OE+OO 

X*-OE+00 
1 i O E + 0 0  
Lo- 0 E+ 0 0 
1 -O' OW00 
l.ZOE+OO 
100E+OO 
XiOE+OO 
I i O E + O O  
1TOE+00 
1,; OE+OO 
1 OE+OO 
lYOE+OO 
1YOE+OO 
I0OE+OO 
l .YOE+OO 
ImOE+00 
l i O E + O O  
lOOE+OO 
1'0 0 E+OO 
1OOE+OO 
1YOE+00 
l0pE+OQ 
1; 18+0 1 
l i . O E + O O  
1:0E+00 
l;OE+OO 
li'OE+OO 
l*OE+OO 

ALGAE MOLLUSKS/ FISH WATERFOWL/ 
CRUSTACEANS SHORE BIRDS 

1 *9E+05 

3o-OE+ 0 7 

1.0-3E+12 

l.OE+06 

5.0 E+07 

4.; 2E+O 6 
2:4E+ 1 0  

9;-5E+ 1 0  
7..3E+08 
9.0 1 E+ 10  
.VO2E+08 
lO lE+09  
2: 8 E+09 

SOOE+09 
.1 i 2E+ 1 0 
1T4E+09 

7; 1 E+O8 
4 i  3E+09 
1 3 E + 0 8  

3o7.E+08 
2.- 1. E+ 0 8 
4. 1 E+08 
7; 9 E+08 
SO'OE+O9 

9053+(19 
20 1 E+10 
3 F  9E+ 1 0 

.5!05E+08 
iOOE+09 
l .dE+09 
e;'2E+09 

40.7 E+ 0 8 

30.9E+07 
4.0- 7E+ 09 

30.43+09 

So.  1 E+08 

30 3E+09 

E0-6E+ 1 0  
30-4E+Q8 
302€+10 
I*O'8E+08 
1;5E+1.1 
30OE+l l  
4;'7E+ J.0 
I.O'9E+I 1 
8;'83+09 
4;' 53+09 
60 0 E+ 99 
1 i RE+lQ 
8;' 1 E+10 
3OOE+10 
306E+ IO 
0;4E+QO 

8;8E+19 
3i eE+lJ  
IO6E+11 
Bi'8E+11 
S;4E+11 

8i'7E+,l2 

J 09E+05 
1 i-OE+ 0 6 
3fOE+07 
Si 0 E+ 07 
l'O'3E+l 1 
4.. 2E+ 0 6 

4.- 7E+ 08 
7r 3E+09 

408E+11  
2 0.4 E+ 99 

1.r 7 E+ 1.0 
1.0 1 E?.1.1 
2.0-8E+ 1 1 
30.9 E+ 0 7 

3.OE+J.1 

2'. 3E+J 0 

G O E +  1 1 
1';4E+08 
30-4E+08 

3:0E+ 1.1 

7: 1 E+07 
4. 3E+08 
6 i 5 E + 0 8  

l i Q E + 0 7  
2r 1 E+07  

20 6E+O9 
l r 9 E + 0 9  

30.9 E+ 0 7 
X i  7. E+ 09 
1.0' 1 E+09 
3O2E+09 
2: 1 E+09 
3.9 E+.09 
lO9E+09 
.l.O'OE+O9 
1O8E+08 
8:2E+08 
20 6E+09 
30 4 E+ 08 
1 0 6 E + l l  
SO' 3E+Q7 
1r5&+10 
3 i O E +  i o  
50 7E+09 
l09&+ 1 0  
8; 8 E+08 
4YSE+08 

1 r 8 E+09 
5;'omoa 

80 1 E+09 
3iOE+O9 

917E+10 

3 i Q E + 0 9  

0; 4 E+O9 

3.-6&+09 
9O4E+07 

&-8E+O8 

1O6E+09 
8 ,8E+09 

1 9E+05  
I o.O&+06 
30 OE+07 
So. 0 E+O 7 
1 . 3 E + l l  
4- 2€+06 
20 4E+09 
4 0' 7E+O 7 

1 2E+ OS 
2O9E+lO 

1 .  5E+ 1 0 
1.lllE+08 
1; 1 E+09 
2.8 E+ 09 
2.0E+08 
407E+09 
30.OE+ 1 0  
6o-OE+ 1 0  
4 0- 2 E+O 7 
1 oOE+08 
20 1 E+07 

&9E+08 

10 1 E+09 

2.. 1-07 
3;9E+07 

103E+08 

1 od5E+09 

1 O 0E+O 7 

'5;0E+08 

5,2 E+08 

9. SE+08 
1 i OE+O8 
1 r8E+O 7 
2.- SE+ 0 7 
7;9E+07 
30' 4 E+O 7 
3*.2E+ 1 0  
So 3E+07 
I O.SE+.IO 
3;OE+10 
4.7E+Q9 
1o9E+10 
$8E+07 
40SE+O 7 
SOO€+O7 
I iBE+O8 
8r 1 E+08 
3iOE+O8 
3e6E+08 

30'3E+08 
90 5E+08 

1 0-2E+09 

I.OE+O 7 
503E+09 
1i6E+08 
6i'AE+08 
Si I E+08 

4;'93+98 
s;' 6E+08 

1 9E+05 
1 5E+06 
2.4E+0 7 
2 i 4 E + 0 6  
1 .-9E+ 1 2  
2 7E+O 7 
30.8 E+O 6 
5 0.0 E+ 0 6 
3 m. 5E+ 09 

20 9E+ 10  
30' 9 E+O 7 

1 .< 0 E+ 09 

2; 0 E+O 8 
-50 5E+08 
lO7E+08 

4.0E+09 
7.83+07 
3 i 6 E + 0 7  
6.3E+08 
1 ;OE+O 7 
1 ;3E+08 

7r 4 E+O 5 

4O4E+08 
lO8E+09 
9;7E+06 
1 -0 9E+O 5 
20 8 E+.06 

7';6E+O 7 

2*.3E+08 

1 1 E+O 5 

5r 1 E+04 
8 e- SE+O 6 
3O' I E + 0 5  
2:3E+05 
1. i8E+08 
.lO3E+08 
1.4E+O8 
8 .  1 E+O8 
J 4 E + O  7 
1Y1E+O8 
5?0SE+06 
1.4 €+09 
107E+.10 
l.OE+AO 
lO8E+IO 
1; l.E+09 
6 0  1 E+O 7 
2; 8 E+ 09 
8; SE+O 7 
Si6E+09  
7. SE+O8 
109E+09 
l03E+I  1 
8O4E+lO 
6 0 l E + l O  
e i 6 8 + 0 9  
lDS:E+lO 
l i  iE+OO 
508E+09 



1 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
M 
I 
I 
8 
1 

RADIO-  
NUCLIDES 

cs- 1 3 4  
CS- 1 3 6  
CS- 1 3 7  
CS- 1 3 8  
BA- 1 4 0  
LA- 1 4 0  
CE-141 
CE-143 
CE- 1 4 4  
PA- 1 4 3  
ND- 1 4 7  
PM- 1 4 7  
EU- 154 
EU- 1 5 5  
TA- 1 8 2  
61-185 
W-187 
PB-210  
B I - 2 1 0  
P1)-210 
RA-226 
TH- 228 
TH- 230 
TH- 23 1 
TH- 234 
PA- 234 
U - 2 3 2  
U - 2 3 3  
U - 2 3 4  
U - 2 3 5  
U - 2 3 6  
U - 2 3 7  
U - 2 3 8  
NP-237 
NP-239 
PO-236  
PU-238 
PU-239 
PU- 240 
PU-  24 1 
PU- 242 
AM-24 1 
A M - 2 4 3  
CM-242 
C?l-244 
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TABLE 4-13B (continued) 

INTERNAL DOSE TO BIOTA,MRADS/YR 

M I C R O -  
CUR1 E/ML 

1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+O0 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+00 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+00 
I OE+OO 
1 0  OE+OO 
1 0E+0O 
1 OE+OO 
1 OE+OO 
1 0 E + 0 0  
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1.0 OE+OO 
1 OE+00 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 
1 OE+OO 

ALGAE MOLLUSKS/ ’ FISH WATE RFO WL / 
CRUSTACEANS SHORE BIRDS 

2.1 E + 0 8  
1 2 E + 0 8  
1 1 E+O8 
4.8E+O8 
4 0  3 E + 0 9  
1 . l E + 1 0  
1 2E+O9 
5 .4E+09  
70 3E+O9 
6.0E+O9 
7.5E+09 
1 e 3E+O9 
2 .4E+10  
30OE+09  
2.1 E+09  
20 6 E + 0 8  
1 .3E+09  
9 . 7 E + l l  
1 . 9 E + 1 3  
2. I E + 1 2  
2 .1E+11  
1 . 3 E + 1 3  
2.7E+ 1 2 
1 .OE+lO 
50 1 E + 1 0  
1 2 E + 0 8  
3.5E+ 1 1 
6 0 2 E + l O  
6.1E+lO 
5 .7E+10  
5.9E+ 1 0 
2.1 E + 0 8  
5 .4E+lO 
5 .5E+09  
20 6 E + 0 8  
20 2E+ 1 2  
3.7E+11 
3 .5E+11  
30 5E+ 1 1 
1 5E+ 1 0 
30 3E+ 1 I 
5 0 3 E + 1 2  
5.OE+ 1 2  
7 0 5 E + 1 2  
5 0 6 E + 1 2  

I OE+09 
6- 1 E+O8 
50 5E+O8 
2 0 4 E + 0 9  
1 3 E + 0 8  
3 . 6 E + 0 9  
3.9E+O8 
1 8E+O9 
20 4 E + 0 9  
6 .0E+09  
7 .5E+09  
1 3 E + 0 9  
2. 4 E +  1 0  
30 OE+09 
20 1 E + 1 0  
20 6 E + 0 8  
1 3 E + 0 9  
9 . 7 E + 1 1  
1 9E+  1 3 
20 1 E + 1 3  
2 .1E+11  
8 * 6 E + 1 2  
1 0 8 E + 1 2  
60 7 E + 0 9  
3.4E+ 1 0 
20 1 E + 0 8  
50 2E+ 1 0  
90 3 E + 0 9  
9 2 E + 0 9  
8.6E+O9 
8 0  8 E + 0 9  
30 1 E + 0 7  
8.OE+O9 
9 2E+O9 
40 4 E + Q 8  
6 .4E+11  
l o I E + l l  
9 0 9 E + 1 0  
9 0 9 E + l O  
40 3 E + 0 9  
9 5E+ 1 0 
1 0  1 E + 1 2  
l e O E + 1 2  
1 0 5 E + 1 2  
1 0 l E + 1 2  

60 2 E + 0 8  
30 6E+O8 
3- 3 E + 0 8  
l o  4 E + 0 9  
1 3 E + 0 8  
1 1 E + 0 9  
1 2E+O8 
5 .4E+08  
70  3E+O8 
6 * 0 E + 0 8  
70  5 E + 0 8  
10 3 E + 0 8  
2 - 4 E + 0 9  
3 OE+08 
2.1 E+09  
2 .6E+P7  
1 3 E + 0 8  
2 * 9 E + 1 1  
20 8 E + 0 9  
20 1 E + 1 2  
l . O E + l l  
4.3E+ 13 
9 0 O E + 1 2  
3 4E+ 1 0 
1 * 7 E + l l  
20 1 E + 0 8  
5 .2E+lO 
90 3E+09  
90 2 E + 0 9  
8 o 6 E + 0 9  
8 0  8 E + 0 9  
30 1 E + 0 7  
8.0E+O9 
90 2 E + 0 9  
4 * 4 E + 0 8  
2 .2E+10  
30 7 E + 0 9  
30 5 E + 0 9  
30 5 E + 0 9  
1 5 E + 0 8  
30 3 E + 0 9  
20 7 E + l O  
2 0 5 E + l O  
3 7 E+ 1 0  
2 * 8 E + 1 0  

1 i)E+09 
1 0E+C)8 
70 7 E + 0 8  
1 0 2 E + 0 7  
2 .0E+08  
1 5 E + 0 5  
4.4E+O5 
9.1E+O4 
1 0  l E + 0 7  
1 2 E + 0 6  
9 * 6 E + 0 5  
1 9 E + 0 6  
2 0 3 E + 0 7  
2- 6 E + 0 6  
1. 1E+O6 
30 8 E + 0 6  . 
5 .9E+06  
5 * 4 E + l l  
1 . 8 E + l l  
4 0 4 E + 1 1  
8 0 9 E + 1 1  
1 .9E+10  
3 .9E+09  
90 5 E + 0 4  
1 0 8 E + 0 7  
2 * 7 E + 0 2  
3 .8E+08  
9 . 0 E + 0 7  
8 * 8 E + 0 7  
8 . 3 3 + 0 7  
8 4E+O 7 
1 4 E + 0 4  
70 7 & + 0 7  
7 0 9 E + 0 6  
8 8E+O3 
70 6 E + 0 8  
1 0,6E+OS 
1 5 E + 0 8  
1 5 E + 0 8  
1 5E+O5 
1 4 E + 0 8  
70 7 E + 0 8  
7.3E+08 
8 0  6 E + 0 8  
8 0  1 E + 0 8  
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TABLE 4-14 B I O R A Z  SAMPLE PROBLEM 

BI ORA2 OS I 23 29-MAY-75 

BIOACCUMULATIUN FACTORS FOR S A L I N E  AND FRESH I420 ARE STORED I N  PROGRAM 
I S  YOUR C H O I C E  FRESH WATER ? Y E S  
FRESH SELECTED 

W - CONCENTRATION I N  WATER FOR A S P E C I F I C  RADIONUCLIDE 

S = CONCENTRATION I N  SEDIMENT FOR A S P E C I F I C  RADIONUCLIDE 
C M  I CRO- CURI  E/ML) 

< M I  CRO- CURI E/ML) OR < M I  CRO-CUR1 WGM > 
.ANY COMPUTATIONS INVOLVING W ? Y E S  

ANY COMPUTATIONS INVOLVING S ?NO 

TYPE DONE FOR N U C L I D E  = ? WHEN ALL N U C L I D E S  I N P U T  

N U C L I D E  = ? S R - 9 0  
b! ? I  

N U C L I D E  5 ?I-131 
w = ? 1  

NUCLIDE ? C S - 1 3 7  
w = ? 1  

N U C L I D E  = ?DONE 

TYPE I N  T H E  D E S I R E D  NAME 0 F ~  T H E  NUCLEAR POWER STATION 
TO APPEAR IN T H E  COMPUTATION TABULATION 
ONLY THE F I R S T  25 CHARACTERS V I L L  B E  USED 

?BIORAD SAMPLE PROBLEM FOR 

BIORAD SAMPLE PROBLEM FOR 
I S  T H I S  NAME 0.K ? Y E S  

BIORAD SAMPLE PROBLEM FOR FUEL CYCLE F A C I L I T Y  
INTERNAL DOSE TO BIOTAaMRADS/YR 

RADIO- MICRO- AQUATIC INVERTE- F I S H  

S R - 9 0  l * O E + 0 0  l . O E + l O  2.1E+09 l .OE+OS 
1-131 1 OE+OO 3- 3E+08 40 1 E+07 1 2E+08 
cs- 137 l*OE+OO S.SE+OS l * l E + 0 9  4 . 4 E + 0 9  
T O T  DOSE l * l E + 1 0  3.2E+09 4 . 6 E + 0 9  

N U C L I D E S  CURI E/ML PLANTS BRATES 

BIORAD SAMPLE P R O B L M  FOR FUEL CYCLE F A C I L I T Y  
WATER IMMERSION DOSE TI) A L L ’  BIOTA,MRADS/YR 

RADIO- MICRO- BETA + GAMMA 
NUCLI DES CURI  E/ML GAMMA 

S R - 9 0  I * O E + 0 0  1*0E+07 O.OE+OO 
1-131 1 * O E + 0 0  9 ; 1 E + 0 6  7 * 1 E + 0 6  
cs- 137 1*OE+00 l * 2 E + O 7  9;9E+06 
TOT DOSE 3 . 2 3 + 0 7  1 ;7E+07 

MUSKRATS 

4. 4 E +  1 0 
2 5E+08 
6 * 2 3 + 0 9  
50 l E + l O  

M] YOU WANT A TAB&E O F  BIOACCUMULATION FACTORS FOR THE DOSE COMPUTATIONS 

? Y E S  
BIORAD SAMPLE P R O B L P l  FOR FUEL CYCLE F A C I L I T Y  

BIOACCUMULATION FACTORS 

RADIONUCLI DE AQUATI C-PLANTS INVERTEBRATES F I S H  MUSKRAT 
S R - 9 9  50 00E+02 1 * 0 0 E + ’ 0 2  5 * O O E + 0 0  2 * 1 6 E + 0 3  
1-131 4.0 OOE+O 1 5*00E+OO 1 5 0 E + O  1 4- 3 8 E + O t  
cs- 137 8.00E+01 I 0 0 E + 0 2  4 s  OOE+02  8 * 0 6 E + 0 2  

EN0 BIORAD’ S E S S I O N  

I 
II 
1 
I 
1 
I 
I 
1 
1 
1 
I 
I 
I 
I 
I 
I 
1 
1 
I 





5 Est imat ion o f  I n d i v i d u a l  and Populat ion Doses from Consumer Products 
t h a t  Contain Radioact ive Ma te r ia l s  

5.1 The CONDOS Methodology 

A v a r i e t y  o f  consumer products conta in ing  rad ioac t i ve  ma te r ia l s  a re  

1 ava i l ab le  to ,  o r  are be ing developed f o r  use by, the  general pub l i c .  

These consumer products i nc lude  a d i v e r s i t y  o f  i tems, such as timepieces 

conta in ing  t r i t i u m  o r  promethium-147, incandescent gas mantles conta in-  

i n g  thorium, and c e r t a i n  types o f  glazed ceramic tableware con ta in ing  

uranium. The d i s t r i b u t i o n ,  use, and disposal  o f  such products can pre-  

sent  s i t u a t i o n s  (events)  i n  which man may rece ive  r a d i a t i o n  doses. 

Estimates o f  the doses t h a t  might be received by i n d i v i d u a l s ,  groups o f  

i n d i v i d u a l s ,  ,and e n t i r e  populat ions are requ i red  f o r  eva lua t i on  o f  t he  

r a d i o l o g i c a l  impacts associated w i t h  the  consumer products. To t h i s  end, 

a model of the l i f e  span o f  a consumer product  has been developed and a 

computer code which ca lcu la tes  r a d i a t i o n  doses t o  man dur ing  the  l i f e  

span o f  the product i s  being developed. When used together,  t he  model 

and computer code c o n s t i t u t e  the  CONDOS methodology f o r  systemat ica l  l y  

es t ima t ing  the p o t e n t i a l  r a d i a t i o n  doses t o  man from a d i v e r s i t y  o f  

products. This sec t i on  descr ibes the  model and the f i r s t  vers ion o f  

the CONDOS computer code 2 .  

the f i r s t  vers ion of  the code have been made and c o n s t i t u t e  the rev ised,  

Several add i t i ons  t o  and ref inement  o f  

(CONDOS 11) computer code.3 Continued e v o l u t i o n  o f  t he  methodology, 

as d i c t a t e d  by app l i ca t i on ,  i s  expected. 

The CONDOS model provides a p r e s c r i p t i o n  whereby the  l i f e  span o f  

a consumer product  i s  d i v ided  i n t o  f i v e  main stages, and prov ides a guide 
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f o r  d e s c r i p t i o n  of  the  exposure events. These desc r ip t i ons  i d e n t i f y  

homogeneous groups o f  exposed persons and , thus, f a c i  1 i t a t e  t h e  s e l e c t i o n  

o f  i n d i v i d u a l s  who represent  the  exposed popu la t i on  groups. 

doses associated w i t h  one yea r  o f  p roduc t  use by rep resen ta t i  ve i nd i  v i  d- 

ua ls  can be est imated f o r  each mode o f  exposure t h a t  i s  a p p l i c a b l e  t o  

each event. Summation o f  the doses t o  rep resen ta t i ve  i n d i v i d u a l s  y i e l d s  

est imates o f  group and t o t a l  popu la t i on  doses. 

The r a d i a t i o n  

A t o t a l  dose has two components. One component r e s u l t s  f rom rad io -  

ou ts ide  the body (ex te rna l  exposure) , and the  o t h e r  component a nuc l ides  

r e s u l t s  f rom nuc l ides  deposi ted i n  the  body ( i n t e r n a l  exposure). 

External  exposure i s  considered , accord ing t o  the  re1 evant exposure 

modes, i n  Sect. 5.1.2.1, and i n t e r n a l  exposure i s  considered, accord ing 

t o  t h e  re levan t  modes o f  n u c l i d e  deposi t ion,  i n  Sect. 5.1.2.2. 

b 

The genera l ized model and product  in fo rmat ion ,  and t h e  mathematical 

techniques requ i red  t o  program the  model , are presented i n  Sects. 5.1.1 

and 5.1.2, respec t i ve l y .  The f i r s t  vers ion  o f  CONDOS prov ides est imates 

o f  t he  r a d i a t i o n  doses t o  the  t o t a l  body ( f rom a l l  r a d i a t i o n s )  and t o  

the  hands ( f rom beta p a r t i c l e s )  assoc iated w i t h  one y e a r  o f  d i s t r i b u t i o n ,  

use, and d isposal  o f  a consumer product  con ta in ing  n a t u r a l  uranium o r  

thorium. 

and s k i n  i s  p rov ided i n  the  rev i sed  computer code3, and a d d i t i o n a l  nu- 

c l i d e s  have been added t o  the  data f i l e  o f  the r e v i s e d  code so t h a t  a 

2 

The c a p a b i l i t y  t o  es t imate  doses t o  o t h e r  se lec ted  body organs 

aFor the  sake o f  convenience, " rad ionuc l i de "  i s  shortened t o  "nuc l i de "  
i n  t h i s  sect ion.  

b A l l  i n t e r n a l  doses a re  the  50-year dose commitments from i n t a k e  o f  the 
r a d i o a c t i v e  m a t e r i a l  du r ing  the  yea r  be ing considered. To ta l  doses t o  
i n d i v i d u a l s  and popu la t ions  are t h e  sums o f  t he  appropr ia te  annual 
ex te rna l  doses and the  appropr ia te  50-year dose commitments. 

1 
I 
I 
I 
I 
I 
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1 
I 
I 
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3 g rea te r  v a r i e t y  o f  products can be inves t iga ted .  The CONDOS I 1  code 

(which i s  a v a i l a b l e  from the Radiat ion Sh ie ld ing  In fo rma t ion  Center o f  

Oak Ridge Nat ional  Laboratory,  Oak Ridge, Tennessee 37830) i s  w r i t t e n  

i n  FORTRAN I V  f o r  use i n  the  batch mode on an I B M  360 computer. 

5.1 . 1 Model i ng Techniques 

The es t ima t ion  o f  r a d i a t i o n  doses t o  man from a consumer p roduc t  

requ i res  ( 1 )  a d e s c r i p t i o n  o f  the  product;  ( 2 )  a d e s c r i p t i o n  o f  t he  l i f e  

span o f  the  product ;  ( 3 )  the i d e n t i f i c a t i o n  and d e s c r i p t i o n  o f  events, 

i.e., ac t ions  o r  acts  by which man may be exposed t o  r a d i a t i o n  from t h e  

product ;  ( 4 )  a de terminat ion  o f  t he  cond i t ions  and modes o f  exposure 

re levan t  t o  each event;  ( 5 )  a d e f i n i t i o n  o f  a l l  persons who may be ex- 

posed t o  r a d i a t i o n  from the product;  ( 6 )  t he  es t ima t ion  o f  doses t h a t  

may be rece ived by each person exposed; and ( 7 )  an es t ima t ion  o f  t h e  

t o t a l  popu la t ion  dose a t t r i b u t a b l e  t o  the  product.  

The CONDOS model prov ides a guide f o r  the implementat ion o f  i tems 

( 1 )  through ( 5 )  and prov ides a mechanism f o r  the  achievement o f  ( 6 )  and 

(7 ) .  Th is  model i s  descr ibed i n  the  f o l l o w i n g  sec t ions .  

5.1.1.1 Product Desc r ip t i on  

A d e s c r i p t i o n  o f  the consumer product  t o  be assessed, a l though n o t  

a p a r t  o f  the  model p e r  se, i s  requ i red  by the  model. 

provides t h e  bas ic  i n fo rma t ion  t o  be used i n  the  es t ima t ion  o f  doses and 

i n  the s e l e c t i o n  of p a r t s  o f  t he  product  l i f e  span model t h a t  a re  a p p l i -  

cable t o  the  s p e c i f i c  consumer product .  The f o l l o w i n g  i n fo rma t ion  i s  

requi red:  

Such a d e s c r i p t i o n  
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re1 ease 

3 .  

4. 

materia 

5. 

density 

density 

) i n  wh 

density 

1 .  names and quant i t ies  of  the nuclides i n  the radioactive mate- 

r ia l  which i s  i n  or on the product; 

2. chemical and physical charac te r i s t ics  of the radioactive mate- 

r i a l  , especial ly  those t h a t  may be s ign i f i can t  i n  the determination of 

ra tes  fo r  the material , e.g., leach r a t e ,  vapor pressure, e t c ;  

and thickness of the radioactive material ; 

and thickness o f  the matrix (including the radioactive 

ch the radioactive materi a1 i s  i ncorporated ; 

and thickness o f  any protect ive materials t ha t  may 

cover the radioactive material ; 

6. geometry of the product or o f  col lect ions of the product, 

e.g., a s h i p p i n g  package; 

7. 

8. ident i f ica t ion  o f  the means of t ransport ,  d i s t r ibu t ion ,  repa i r ,  

ident i f ica t ion  of possible uses of  the product; 

and disposal of the product; and 

9.  ident 

product m i g h t  

5.1.1.2 Mode 

The model 

Fig. 5-1 , and 

f ica t ion  of accident or misuse 

be subjected. 

of Product Life Span and Cond 

o f  the l i f e  span of a consumer 

conditions t o  which the 

t ions of  Exposure 

product i s  outlined i n  

the components t h a t  should be considered i n  completing 

the out l ine  are l i s t e d  i n  Table 5-1. The l i f e  span of a product i s  

divided in to  f ive  main "stages"--distribution, t ransport ,  use, disposal , 
and emergency or misuse s i tua t ions .  A1 though both d is t r ibu t ion  and 

t ransport  are par t  o f  the physical t ransfer  of the product from manu- 

fac turer  t o  user, Table 5-1 shows tha t  transport  describes shipments o f  

I 
I 
1 
1 
I 
1 
I 
1 
I 
I 
I 
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I 
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1 
1 
I 
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ORNL-DWG 74-42377 

I Product L i f e  Span o f  a Consumer Product s c r i p t i o n  * 

1 
F 
F 
E 
7c 

z 

1. D i s t r i b u t i o n  I .  Use . Disposal  

ubstage 4.1 
3 

i. Emergencies 

i cc iden t  from (1.1 ) Substage 2.1 

Group 2.1.1 

iubstage 3.1 

G-wp 3.1.1 

Substage 1.1 

Group 1.1.1 Group 4.1.1 Group A.(1.1).1 

Event A.(1.1).1.1 

I 
Event A.( l . l ) .NE 

Group A.(1.1).2 

.1.1.1 

.1.1.2 

.1 .1 .NE 

.2 

.1.2.1 

.1.2.NE 

. NG 

.1 .NG.1 

.1 .NG.NE 

.1 

.NE 

.1 .1 Event 

Event 
I 
Event 

Group 1 

Event 
I 
Event 

I 
Group 1 

Event 

Event 
I 

Event 2.1. 

I 
Event 2.1. 

Event 3.1. 

I 
Event 3.1. 

Event 4.1. 

I 
Event 4.1. .NE .NE 

Group 2.1.2 Group 3.1.2 Group 4.1.2 

Group 2.1.NG 

Event 2.1 .NG.1 

Event 2.1 .NG.NE 
I 

Substage 2.2 

Group A.( l . l ) .NG Group 3.1.NG Group 4.1 .NG 

Event 3.1.NG.1 

Event 3.1 .NG.NE 
I 

iubstage 3.2 

Event 4.1.NG.1 

Event 4.1 .NG.NE 
I 

ubstage 4.2 

Popu la t i on  

cn 
I 
cn Substage 1.2 

Group 1.2.1 

I 
Group 1.2.116 

Event 1.2.NG.1 

Event 1.2.NG.NE 
I 

Substage 1.3 

Substage 1 .NS 

Group l .NS. l  

Group 1 .NS.NG 
I 

Event 1 .NS.NG.l 

Event 1 .NS.NG.NE 
I 

ibstage 2.NS 

Group 2.NS.1 

Group 2.NS.NG 
I 

Event 2.NS.NG.1 
I 
Event 2.NS.NG.NE 

Substage 3.NS 

Group 3.NS.1 

Group 3.NS.NG 
I 

Event 3.NS.HG.l 

Event 3.NS.NG.NE 
I 

c i d e n t  from (4.NS) 

Group A.(4.NS).1 
I 
Group A.(4.NS).NG 

Event A.  ( 4  .NS) . NG. 1 

Event A.  (4 .NS). NG.NE 
I 

ubstage 4.NS 

Group 4.NS.1 

Group 4.NS.NG 
I 

Event 4.NS.NG.1 

Event 4.NS.NG.NE 
I 

Fig .  5-1. Outline,of model o f  the l i f e  span o f  a consumer product. 
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the product  and d i s t r i b u t i o n  describes the presence o f  t h e  product  i n  

d i s t r i b u t i o n  f a c i l i t i e s  such as warehouses. 

Each stage i s  d i v ided  i n t o  a s e t  o f  "substages" t h a t  de l i nea te  t h e  

general types o f  a c t i v i t i e s  by which man cou ld  be exposed t o  t h e  product. 

These a c t i v i t i e s  are made more s p e c i f i c  by subd iv i s ion  i n t o  "groups" o f  

f u n c t i o n a l l y  r e l a t e d  a c t i v i t i e s .  

Populat ion i n fo rma t ion  i s  supp l ied  t o  the model a t  t h i s  p o i n t  by 

determinat ion of the number o f  persons engaged i n  t h e  a c t i v i t i e s  o f  each 

group and exposed t o  the  product  as a r e s u l t  o f  those a c t i v i t i e s .  These 

persons are cal  l e d  group members. 

The group a c t i v i t i e s  are f u r t h e r  d i v ided  i n t o  a s e t  o f  ac t ions  

dur ing  which group members may be exposed t o  the  product - - the "events". 

An event desc r ip t i on  contains the  parameters requ i red  t o  so lve the  dose 

equat ions and def ines an i n d i v i d u a l  t y p i c a l  o f  the  group exposed. This  

i n d i v i d u a l  may be an average group member (one who represents the  e n t i r e  

group), the  maximally exposed member, o r  any o t h e r  group member. 

r a d i a t i o n  doses est imated f o r  each event are doses t h a t  t he  se lec ted  

i n d i v i d u a l  may rece ive  from t h a t  event. 

p resc r ibe  the parameters t o  be used i n  the s o l u t i o n s  o f  t h e  dose equa- 

t i o n s ,  the  correspondence of the events descr ibed w i t h  r e a l i t y  and how 

we l l  they are descr ibed determine how w e l l  the est imated doses r e f l e c t  

actua l  doses. 

The 

Since the event desc r ip t i ons  

The d e s c r i p t i o n  o f  an event must inc lude the  f o l l o w i n g  parameters: 

1. the p r o b a b i l i t y  t h a t  a member o f  the group w i l l  be i n v o l v e d  i n  

the  event, 

2. the t ime per iods du r ing  which the i n d i v i d u a l  w i l l  exper ience 

I 
I 
I 
1 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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each mode o f  exposure , 

3. the q u a n t i t y  o f  rad ioac t i ve  mater ia l  i n  the product.  

4. 

5. the Cartesian coordinates o f  each p o i n t  source and o f  t he  

the number o f  p o i n t  sources chosen t o  represent  the  source, 

receptor ,  

6.  the a t tenua t ion  ( s h i e l d i n g )  f a c t o r  f o r  t he  composite o f  a l l  

ma te r ia l s  between each p o i n t  source and the receptor ,  

the quant i  t y  o f  r a d i o a c t i  ve mater i  a1 i nges ted  , 7. 

8. the  concent ra t ion  o f  rad ioac t i ve  ma te r ia l  i n  a i r ,  

9. the  e f f e c t i v e  rad ius  o r  volume o f  the a i rspace (e.g., a room) 

con ta in ing  the r a d i o a c t i v e  ma te r ia l  , 
. 10. the r a t e  o f  leakage o f  mater ia l  from the  product  t o  the a i rspace 

o r  the t o t a l  amount o f  ma te r i s l  t h a t  has leaked i n t o  the  airspace, and 

11. the r a t e  o f  a i r  exchange between the space and i t s  surroundings. 

Some o f  the substages and groups l i s t e d  i n  Table 5-1 may n o t  be re-  

qu i red  t o  model the  l i f e  span o f  a p a r t i c u l a r  consumer product.  The 

modeler i s  respons ib le  f o r  choosing the substages, groups, and events 

t h a t  are appropr ia te t o  the desc r ip t i on  o f  the l i f e  span and f o r  d e l e t -  

i n g  those t h a t  are n o t  appropr ia te.  

A l l  event descr ip t ions  must be supp l ied  by the  user  o f  both vers ions 

of the  CONDOS computer code. 

which the user may s e l e c t  i s  be ing considered f o r  a f u t u r e  version. 

However, considerable experience i n  eva lua t i ng  r e a l  products w i l l  be 

requ i red  before cons t ruc t i on  o f  such a data f i l e  w i l l  be feas ib le .  

s c r i p t i o n s  of the  normal a c t i v i t i e s  o f  the members o f  each group may re -  

qu i re  s p e c i f i c a t i o n  o f  more than one event because some o f  t he  a c t i v i t i e s  

The i n c l u s i o n  o f  a s e t  o f  standard events 

De- 



5-8 

may present very d i f f e r e n t  cond i t ions  o f  exposure. 

one acc ident  o r  misuse event may be required. 

S i m i l a r l y ,  more than 

5.1.1.3 Methodology f o r  Est imat ion o f  Radiat ion Doses t o  Man 

The methodology used i n  CONDOS f o r  the es t imat ion  o f  p o t e n t i a l  r a d i -  

a t i o n  doses t o  man from a consumer product con ta in ing  r a d i o a c t i v e  mate- 

r i a l  cons is ts  o f  th ree  pa r t s :  in format ion assembly, l i f e  span model 

const ruct ion,  and dose est imat ion.  This  sec t i on  shows how t h e  th ree  

p a r t s  are combined t o  form the methodology. 

f l ow  o f  operat ions used i n  the  methodology. 

F igure 5-2 i l l u s t r a t e s  the  

Product i n fo rma t ion  (Sect. 5.1.1.1 ) and popu la t ion  i n fo rma t ion  ( t h e  

number o f  persons p o t e n t i a l l y  exposed t o  the product and t h e i r  behaviora l  

pa t te rns  i n  exposure s i t u a t i o n s )  are gathered and sor ted.  

t i o n  i s  used t o  cons t ruc t  the  l i f e  span model f o r  the  consumer product. 

The model i s  constructed, as shown i n  F ig .  5-2, by d i v i s i o n  o f  each 

This  informa- 

o f  the  f i v e  stages (1. - 5.) i n t o  an appropr ia te  s e t  o f  substages, e.g., 

stage "3. Use" i s  d i v ided  i n t o  substages 3.1, ..., 3.X,..r,3.NS. Each 

substage i s  then d i v ided  i n t o  a s e t  o f  groups, e.g., substage 3.X i s  

d i v ided  i n t o  groups 3.X. 1,. . . ,3.X. Y ,. . . ,3.  X.NG. 

(NM) i n  each groupa i s  determined a t  t h i s  po in t .  

by which the members o f  each group may be exposed t o  the product  ( t h e  

events) are i d e n t i f i e d  nex t  f o r  each group, e.g., group 3.X.Y i s  i nvo l ved  

i n  events 3.X..Y.l ,..., 3.X.Y.Z, ... ,3.X.Y.NE. 

The number o f  persons 

The var ious a c t i v i t i e s  

NM may be taken as the  t o t a l  number of group members (e.g. , a l l  counter-  
men who work i n  d ine rs )  o r  may be r e s t r i c t e d  t o  the number o f  group 
members p o t e n t i a l l y  exposed t o  the  product  (e.g., a l l  countermen who 
work i n  d iners  t h a t  use the  product ) .  
number i s  p re fe r red .  

a 

Se lec t ion  o f  the  r e s t r i c t e d  
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ORNL-DWG 74-12378 

Product  Populat ion 
In format ion In fo rma t ion  

I 
I I 

I I I 1 
I I I 

1. D i s t r i b u t i o n  2 .  Transpor t  3. Use 4. -Disposal 5. Emergencies 

d e f i n e  cond i t i ons  o f  exposure 

Ca lcu la te  doses t o  se lected 
i n d i v i d u a l  : DIR,EM,EN,ENG 

Ca lcu la te  t o t a l  dose t o  
i n d i v i d u a l  : TD I=D I RtEMtENtENG 

I 
Ca lcu la te  c o n t r i b u t i o n  o f  event  t o  group 
dose: ED(3.X.Y.Z.)=TDI x NM x EVPRDB 

I 

Ca lcu la te  group dose: 
t ... t ED(3.X.Y.Z) + ... + ED(3.X.Y.NE) 

I- Ca lcu la te  substage dose: TSSD(3.X)- TGD(3.X.-1) 
t ... t TGD(3.X.Y.) + ... t TGD(3.X.NG) 

4 Ca lcu la te  s tage dose: TSD(3)= TSSD(3.1) 
t ... + TSD(3.X) t ... t TSD(3.NS) 

Ca lcu la te  t o t a l  popu la t i on  dose: 
TPD= TSD(1) t ... t TSD(3) t ... t TSD(5) 

Fig. 5-2. Flow diagram of the methodology for estimation of radiation 
doses to man from consumer product containing radioactive materials. 
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The model i s  completed by s e l e c t i o n  o f  an i n d i v i d u a l  f rom the  group 

who p a r t i c i p a t e s  i n  one event, desc r ip t i on  o f  t he  event,  and r e p e t i t i o n  

o f  the  s e l e c t i o n  and d e s c r i p t i o n  process f o r  every event i d e n t i f i e d  f o r  

every group. 

descr ibed and, thus, determines the cond i t ions  o f  exposure t h a t  w i l l  be 

used t o  q u a n t i f y  the parameters requ i red  t o  so lve the  dose equat ions.  

I f  an average i n d i v i d u a l  (one who represents the  e n t i r e  group) i s  se lec t -  

ed, average cond i t ions  o f  exposure are chosen i n  the  event desc r ip t i on .  

I f  - t h e  maximally exposed i n d i v i d u a l  i s  selected, cond i t ions  o f  maximum 

exposure are selected. 

en t  f o r  a l l  events and f o r  a1 1 groups, i .e. , on ly  average i n d i v i d u a l s  

should be selected, o r  on ly  maximally exposed i n d i v i d u a l s  should be 

selected. 

The i n d i v i d u a l  se lec ted  determines how the  event should be 

' The s e l e c t i o n  o f  i n d i v i d u a l s  should be cons is t -  

Each event desc r ip t i on  i s  i n p u t  t o  the computer code. The cond i t i ons  

o f  exposure f o r  each event, e.g., event 3.X.Y.Z i n  Fig. 5-2, a re  used t o  

c a l c u l a t e  p o t e n t i a l  r a d i a t i o n  doses t o  the  t o t a l  body (Sect. 5.1.2) o f  

each se lec ted  i n d i v i d u a l  by f o u r  exposure pathways: d i r e c t  exposure t o  

gamma rays (DIR) emi t ted  from the r a d i o a c t i v e  ma te r ia l  i n  o r  on t h e  prod- 

uc t ,  immersion i n  a i r  contaminated w i t h  r a d i o a c t i v e  ma te r ia l  (EM) re leased 

from the product,  and inges t i on  (ENG) and i n h a l a t i o n  (EN) o f  r e  eased 

mater ia l .  The t o t a l  dose t o  the  i n d i v i d u a l  (TDI) i s  the  sum o f  t he  

doses de l i ve red  v i a  the  fou r  exposure pathways. Each T D I  c o n t r  butes 

t o  the  c o l l e c t i v e  dose received by a l l  group members ( t h e  group dose, 

TGD). The c o n t r i b u t i o n  of each TDI i s  c a l l e d  an event dose, e.g., 

ED(3.X.Y.Z), and i s  q u a n t i f i e d  by we igh t ing  T D I  by NM and by t h e  j o i n t  
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p r o b a b i l i t y  (EVPROB)a t h a t  a group member w i l l  p a r t i c i p a t e  i n  t h e  event  

and t h a t  t h e  event  w i l l  occur. An ED i s  c a l c u l a t e d  f o r  each event.  

Popu la t ion  doses, t h e  sum o f  t h e  

o f  a p o p u l a t i o n  group, a r e  es t imated  

and an e n t i r e  p o p u l a t i o n  as fo l lows.  

t o t a l  body doses t o  each member 

f o r  each group, substage, stage, 

Group doses a r e  t h e  sum o f  t h e  
..- 

a p p r o p r i a t e  event  doses, e.g., TGD(3.X.Y.) = :' TGD(3.X.Y). A TSSD i s  

Y = l  
es t imated  f o r  a l l  substages d e l i n e a t e d  i n  t h e  model. The p o t e n t i a l  

c o l l e c t i v e  dose t o  a l l  persons i n v o l v e d  i n  a s tage o f  t h e  p r o d u c t  l i f e  

span i s  ob ta ined by summation o f  t h e  a p p r o p r i a t e  substage doses, e.g., 

TSD(3) = NS TSSD(3.X). A s i m i l a r  sequence o f  c a l c u l a t i o n s  i s  made t o  

o b t a i n  t h e  remain ing TSDs, and t h e  t o t a l  p o p u l a t i o n  dose assoc ia ted  w i t h  

one y e a r  o f  p roduc t  a v a i l a b i l i t y  i s  es t imated  b y  TPD = 

x= 1 

5 

s= 1 
TSD(S). 

The c a p a b i l i t y  t o  e s t i m a t e  r a d i a t i o n  doses t o  t h e  s k i n ,  ske le ton ,  

t e s t e s ,  ovar ies  , l i v e r ,  k idneys, lungs, and g a s t r o i n t e s t i n a l  (GI)  t r a c t  
3 has been added t o  the  CONDOS I 1  code . The procedure f o r  e s t i m a t i o n  

o f  t h e  organ doses p a r a l l e l s  t h a t  f o r  t o t a l - b o d y  dose es t imat ion .  

CONDOS a l s o  prov ides  an e s t i m a t e  o f  t h e  r a d i a t i o n  dose t o  t he  s k i n  

f rom c o n t a c t  w i t h  a p roduc t  c o n t a i n i n g  r a d i o a c t i v e  m a t e r i a l  t h a t  emi ts  

be ta  p a r t i c l e s .  Both vers ions  o f  t h e  computer code e s t i m a t e  t h i s  be ta  

If an average i n d i v i d u a l  p a r t i c i p a t e s  i n  a common event  (one t h a t  w i l l  
occur  every  t i m e  t h e  group i s  exposed t o  t h e  p r o d u c t ) ,  EVPROB = 1. If 
t h e  maximal ly  exposed i n d i v i d u a l  i s  i n v o l v e d ,  EVPROB = 1/NM. 
i n d i v i d u a l s  1 > EVPROB > 1/NM. I f  the  e v e n t  i s  . n o t  a common one, i t s  
probabi  1 i ty o f o c c u r r e n c ' e  w i  11 be <1 , e.g. , = P. 
i n d i v i d u a l s  n o t e d  above, EVPROB = P, P/NM, o r  i n  general  , P - > EVPROB 
- > P/NM , r e s p e c t i  vely.  

a 

For  o t h e r  

I n  t h i s  case, f o r  t h e  
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dose only for  a single event, and provide the estimated dose for  a spec- 

i f ied  period of contact (Sect. 5.1.2.1.3). 

5.1.1.4 Discussion 

CONDOS provides a methodology for  estimating potential radiation 

doses t o  man from consumer products containing radioactive materials. 

These doses can, i n  principle,  be estimated f a i r ly  accurately. T h a t  i s ,  

the dose equations (Sect. 5.1.2) will calculate the doses f a i r l y  accu- 

rately i f  the input data from the "real-world" descriptions 

uct and i t s  l i f e  span are accurate. 

estimates is 1 imi ted essent ia l ly  by the accuracy of the "real -worl d" 

descriptions. 

of the prod- 

Thus , the accuracy of the dose 

A product can be well defined, b u t  such a definit ion will frequently 

be unavailable. 

mation needed (he m i g h t  n o t  have i t ) .  

described as tableware coated w i t h  a ceramic glaze containing 14  w t %  

uranium. The desired description would specify the number, s izes ,  and 

shapes of the various forms of tableware, the composition, and thickness 

of the glaze, and the ident i t ies  and quantit ies o f  the nuclides present. 

A manufacturer may be unable to  supply the type of infor- 

For example, a product m i g h t  be 

In addition, several manufacturers of the product could e x i s t ,  and each 

m i g h t  manufacture a product w i t h  a design t h a t  i s  different  from the 

designs of a1 1 other manufacturers . 
The l i f e  span of a product cannot be defined precisely. Each of 

the inf in i te ly  large number of possible events t h a t  can occur d u r i n g  

dis t r ibut ion,  use, and disposal of a product cannot be considered i n d i -  

vidually. An average, or typical,  event tha t  represents many closely 
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related events must be constructed, i f  the modeler i s  not t o  be over- 

whelmed by voluminous amounts of  data. Such a construction must intro- 

duce uncertainties i n  the data. For example, a person might spend 8 

hr/day between 1 and 100 m from a source with various absorbers between 

the person and the source. An accurate description, which m i g h t  require 

100 events, would specify the time, distance, and absorber for  each d i f -  

ferent event. Construction o f  the average event m i g h t  describe an expo- 

sure of 8 hr/day a t  50 m w i t h  an average shielding factor to account for  

the absorbing material. I f  the re la t ive movements o f  products and i n d i -  

viduals and the interposition of several , mostly uncharacterized, absorb- 

ers  d u r i n g  these movements are considered, the complexity of l i f e  span 

definition becomes apparent. 

Because of the uncertainties and variations possible i n  product 

definition and life-span modeling, some input parameters used t o  solve 

the dose equations could be i n  e r ror  by as much as a factor of 10. 

Careful selection of the parameters could reduce the errors appreciably. 

The expected errors i n  input data were considered in and have i n -  

fluenced the models of the dose equations. 

and nuclear data f i l e s  were simplified by procedures that  m i g h t  intro- 

Some of the calculations 

duce a combined er ror  o f  less than t 10% i n t o  the dose estimates. This 

e r ror  i s  small compared w i t h  expected input data errors .  

o f  the errors are discussed i n  the appropriate subsections. 

The sources 

2 Another important factor i s  t h a t  the f i r s t  version o f  CONDOS is  

designed primarily t o  estimate doses from products containing natural 

uranium or thorium. Therefore, the dose equation models and computer 

program 1 ogi  c are designed t o  accommodate heavy-el ement decay chains , 
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n o t  i n d i v i d u a l  nuc l ides.  However, t h i s  does n o t  r e s t r i c t  t he  u t i l i t y  

o f  CONDOS, because on ly  minor  mod i f i ca t i ons  i n  c e r t a i n  program func t i ons  

are requ i red  t o  add such a c a p a b i l i t y .  

made i n  the  rev i sed  code,3 and the rad ionuc l ides  H-3, C-14, Co-60, N i -  

63, Kr-85, Tc-99, Cs-137, Pm-147, Po-210, U-232, U-236, Np-237, and Am- 

241 have been added t o  the  data f i l e .  

These mod i f i ca t i ons  have been 

5.1.2 Model Equations 

The po ten t i a l ,  doses from a consumer product  t o  rep resen ta t i ve  i n d i -  

v jdua ls  and popu la t i on  groups t h a t  are considered by CONDOS a re  discussed 

i n  Sect. 5.1.1.3. The-mathematical models o f  t h e  dose equat ions,  as 

they appear i n  the  f i r s t  vers ion  o f  computer code, are presented ,here. 

Several va r iab les  have been rede f ined  i n  the  rev i sed  code, bu t  the equa- 

t i o n s  are  e s s e n t i a l l y  the  same i n  both vers ions.  

5.1.2.1 External  Exposure 

The modes o f  ex te rna l  exposure considered i n  CONDOS a r e  di rec t  i r r a -  

d i a t i o n ,  immersion i n  a contaminated cloud, and contac t  w i t h  a beta- 

p a r t i c l e - e m i t t i n g  .surface. 

5.1.2.1.1 Dose from D i r e c t  I r r a d i a t i o n  

The d i r e c t  r a d i a t i o n  dose from gamma photons emi t ted  from a consumer 

product  represented by an ar ray  o f  p o i n t  sources i s  computed f rom t h e  

standard p o i n t  source, dose - ra te  equation. 4 

A t y p i c a l  consumer product  w i l l  con ta in  severa l  nuc l i des  t h a t  a re  

p a r t  o f  a decay chain. Therefore, a s imple count ing o f  photons o f  var ious 
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energies becomes complicated. A general method f o r  count ing photons i s  

adopted i n  CONDOS. The gamma ray energy spectrum i s  d i v ided  i n t o  25 

energy i n t e r v a l s  (see Sect. 5.1.3) and the photons emi t ted  by each nu- 

c l i d e  are placed i n  the appropr ia te energy i n t e r v a l .  . I n  add i t ion ,  a l l  

energy-dependent q u a n t i t i e s  are def ined i n  terms o f  these energy i n t e r -  

va ls  and those t h a t  are s to red  as data var iab les  i n  the  code are l i s t e d  

i n  Sect. 5.1.3. 

Since the source term f o r  a consumer product  w i l l  probably be given 

as the  number o f  grams o f  r a d i o a c t i v e  mater ia l  contained, a method f o r  

d e r i v i n g  the q u a n t i t y  o f  each nuc l i de  present  i n  the  ma te r ia l  i s  pro- 

vided. Since na tu ra l  uranium and thor ium were o f  pr imary i n t e r e s t  i n i -  

t i a l l y ,  the fac to rs  necessary t o  conver t  from grams o f  these ma te r ia l s  

t o  photons/sec w i t h  energies i n  each energy i n t e r v a l  are prov ided i n  

the code as data var iab les.  These var iab les  are a l so  l i s t e d  i n  Sect. 

5.1.3. As o the r  nuc l ides  are added t o  the data base, t h e  corresponding 

conversion fac to rs  must be incorpora ted  i n  the data base. This  i s  done 

i n  the CONDOS I 1  code. 

The model o f  t h e  dose equat ion f o r  d i r e c t  i r r a d i a t i o n  i s :  

NG I NT NN 

1=1 J= 1 
D I R  = 79.6*TDIR* C ENRGY( I)*CONVR( I)*C ACT( J)*FGM( I , J )*  

NP 

K= 1 
S(K)*ATN(I,K)*AATN(K)*R(K)-* ' 

where 

DIR = d i r e c t  dose equ iva len t  r a t e  (mrem/year), 

I = energy i n t e r v a l  index, 

J = n u c l i d e  index, 
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K = source index, 

NGINT = number o f  photon -energy i n t e r v a l s ,  

NN = number o f  nuc l ides i n  the product,  

NP = number o f  p o i n t  sources , 
79.6 = dimensional conversion f a c t o r  (1000 mrem-rem-1/411), 

TDIR  = du ra t i on  (h r /year )  o f  exposure, 

IEL = r a d i o a c t i v e  ma te r ia l  index (1 -+ thorium; 

2 -f uranium), 

ENRGY( I) = average energy (MeV/photon) o f  a photon i n  t h e  I - t h  

energy i n t e r v a l ,  
~ CONVR(1) = exposure rate-energy f l u x  r a t i o  f o r  I - t h  energy photons, 

(r-hr-1/MeV-crn-2-sec-1 ) 

ACT( J) = Y I (  J)*RA( J)*CH( J)*AV0/3600 

= d i s i n t e g r a t i o n  r a t e  (dps/g) o f  J - th  nuc l i de  per  gram o f  

IEL- th  ma te r ia l ,  

Y I ( J )  = abundance (g/g)  o f  the mother n u c l i d e  o f  t h e  decay 

chain conta in ing  the J - th  n u c l i d e  i n  the  ma te r ia l ,  

RA(J) = r a t i o  (dps/dps) o f  the d i s i n t e g r a t i o n  r a t e  o f  t h e  J - t h  

nuc l i de  t o  t h a t  o f  i t s  mother, 

-1 -1 Am/m r a t i o  (mole-g-’ hr-’/mole-g -hr  ) r e l a t i n g  

the d i s i n t e g r a t i o n  r a t e  per  gram o f  t he  mother n u c l i d e  

(rn)a of the decay chain con ta in ing  the  J - th  nuc l i de  t o  

t h a t  o f  the pr imary nuc l i de  (p),  

CH(J) = D m ) ’  

b 

A = decay constant  ( h r ” )  f o r  t he  x - th  nuc l ide,  

M = molecular weight  (gymole) o f  the  x - th  nuc l ide ,  
X 

X 
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DEC(1EL) = X /M , constant (mole/g-hr) f o r  the  IEL- th  ma te r ia l  
P P  

t h a t  i s  p ropor t i ona l  t o  the d i s i n t e g r a t i o n  r a t e a  o f  one 
b gram o f  the  pr imary nuc l ide  , 

AVO = Avogadro's number (6.023 x l o z 3  atoms/mole 

3600 = dimensional conversion f a c t o r  (sec/hr)  , 
FGM(1,J) = number o f  photons (photon/d is)  w i t h  energy 

Y 

i n  t h e  I - t h  

i n t e r v a l  emi t ted  per  d i s i n t e g r a t i o n  o f  the  J - t h  nuc l ide ,  

S(K) = amount (9) o f  the IEL- th  ma te r ia l  i n  o r  on the k - th  

source , 
ATN( I ,K)' = s h i e l d i n g  f a c t o r  (dimensionless) f o r  k - th  source and 

photons i n  I - t h  energy group, 

AATN(K)d = s h i e l d i n g  f a c t o r  (dimensionless) f o r  k - t h  source-- 

taken the same f o r  a l l  photon energies,  
2 1/2 R(K) = {[X(K) - XOf  + [Y(K) - Y O f  + [Z(K) - ZO] 1 

= d is tance (cm) between the k - th  source and the receptor ,  

X(K),Y(K),Z(K) = coordinates (cm) o f  the k - t h  source 

XO,YO,ZO = coordinates (cm) o f  the receptor.  

aAVO * Xx/Mx = d i s i n t e g r a t i o n  r a t e  pe r  gram (d i s /h r -g )  o f  the x - t h  

bThe pr imary nuc l ides  are chosen t o  be U-238 i n  na tu ra l  uranium and 

nuc l  i de. 

Th-232 i n  n a t u r a l  thorium. 

'For a given p o i n t  source (K), e i t h e r  AATN(K) o r  ATN(1,K) must be s e t  
equal t o  1 , i.e., one va r iab le  i s  n o t  used i n  the ca l cu la t i on .  
AATN(K) i s  used, i t s  value is an i n p u t  var iab le.  
i t  must be evaluated f o r  each o f  the 25 values o f  I. 

I f  
I f  ATN(1,K) i s  used, 

dFor a given p o i n t  source (k ) ,  e i t h e r  AATN(K) or ATN(1,K) must be s e t  
equal t o  1, i.e., one va r iab le  i s  n o t  used i n  the ca l cu la t i on .  
AATN(K) i s  used, i t s  value i s  an i n p u t  var iab le.  
i t  must be evaluated f o r  each o f  the 25 values o f  I. 

I f  
I f  ATN(1,K) i s  used, 
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Use of  this equation requires t h a t ,  fo r  any exposure s i tua t ion ,  

the source be described as a single point source or  as  a d i s t r i b u t i o n  

of such sources. 

must be specified. 

The distance R ( K )  between each source and the receptor 

This may be done i n  three ways: 

( 1 )  s e t  the receptor a t  the origin (XO=YO=ZO=O) and specify the 

desired distance as X ( K ) ;  s e t  Y ( K ) = Z ( K ) = O ,  or 

s e t  the receptor a t  the origin and specify each p o i n t  source 

coordinate, o r  

specify the coordinates of  the receptor and each p o i n t  source. 

( 2 )  

( 3 )  

Because the information required t o  calculate expl ic i t  attenuation 

factors will probably be unavailable, only the option t o  specify gross 

shielding factors i s  included. These factors may be energy independent 

[O<AATN(K)<l] - - or  dependent [O< - ATN(I ,K)< l ]  - and must be specified for  

each point source, The l a t t e r  option will f a c i l i t a t e  the eventual i n -  

corporation of the capability t o  deal direct ly  with volume source dis- 

tr ibutions,  the most general case. The o p t i o n  t o  calculate expl ic i t  

attenuation factors wi l l  be added, i f  found t o  be necessary. 

The conversion factor (rad/R) and modifying factor (rem/rad) were 

se t  equal to unity and n o t  stated expl ic i t ly  in the model equation. 

These approximations should not introduce s ignif icant  errors into the 

results unless the dose t o  bone i s  of i m p o r t a n ~ e . ~  The backscatter 

correction was also s e t  t o  unity; a procedure which could lead t o  under- 

estimates o f  the direct  dose i n  some exposure s i tuat ions o f  in te res t .  
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Geome t ri c convers ions 

Sometimes consumer products conta in  rad ioac t i ve  sources i n  con f ig -  

u ra t ions  which are n o t  e a s i l y ,  o r  accurate ly ,  descr ibed as an a r ray  o f  

p o i n t  sources. The dose from a plane source may be ca l cu la ted  as 

fo l lows.  Le t  G ( r )  be the p o i n t  source kernel  f o r  an i s o t r o p i c  p o i n t  

source o f  u n i t  s t reng th  t h a t  i s  imbedded i n  an i n f i n i t e  homogeneous 

medium. I f  a d i s k  o f  rad ius  RD (Fig.  5-3) and source s t reng th  SD p e r  

u n i t  area i s  imbedded i n  such a medium and i s  represented by  an a r ray  

o f  p o i n t  sources, the dose r a t e  a t  p o i n t  P, normal t o  the  center  o f  t h e  

d isk,  i s  

DR(P) = G( r )  ( 2 ~  SD p dp) = (x2  + R T c / 6 q r )  dr, s ince 

2 2 2  r = x  + p .  

I f  the  plane i s  o f  i n f i n i t e  ex ten t ,  

DR(P) = 2~ SD $ G(r )  d r  

Replacement o f  a d i s t r i b u t e d  volume source by an approximately 

equ iva len t  sur face source i s  sometimes des i rab le.  

p l  i shed by the approximation 

This  can be accom- 

SS = SV*T , 
where 

SS = equ iva len t  sur face source, 

SV = volume source, 

th ickness o f  volume source i f  T < l / p  

1/p othevwise , 
, 

l / p  =jmean free path (cm) o f  the  r a d i a t i o n  i n  the absorbing medium. 
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ORNL- DWG 74 - 12379 

Fig. 5-3. Coordinate system for conversion from disk to point source. 
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5.1.2.1.2 Dose from Immersion i n  Contaminated Air 

The dose equivalent ra te  ( E M )  from photons emitted from radioactive 

material suspended i n  a i r  i s  calculated by the equation: 

N N  

J=l 
EM = (3.74E4*8760)-l *CONC*TIMM*F(ABS)* C ACT(J)*CIm(J) 

where 

EM = immersion dose equivalent ra te  (mrem/year), 

J ,  N N  and ACT(J) are  defined in  Eq.  (5 -1) ,  

(3.74E4*8760) = dimensional conversion f ac to r  (dps/pCi)*(hr/year) , 
3 CONC = concentration (g/cm ) of radioactive material i n  a i r ,  

TIMM = duration (hr /year)  of immersion i n  contaminated a i r ,  

F(ABS) = correction fac tor  (dimensionless) t o  compute dose in  a medium 

o f  f ini te  extent re la t ive  t o  tha t  i n  an i n f i n i t e  medium, 

CIMM( J )  = dose conversion fac tor  (mrem-year-’/pCi - ~ m ’ ~ )  fo r  

imnersion i n  a i r  contaminated w i t h  the J-th nuclide. 

The source term CONC may be expressed by one of three methods: 

( 1 )  as a specif ied concentration of  radioactive material containing the 

J-th nuclides, ( 2 )  as a calculated steady-state concentration from a 

specif ied leakage ra te  of radioactive material i n t o  a f i n i t e  a i r  space 

(e.g., a room) tha t  has a specif ied a i r  exchange r a t e ,  o r  (3)  as  a cal-  

culated concentration from a specified amount of material w h i c h  has 

leaked i n t o  a specified volume (a  room) w i t h  poor  vent i la t ion (or no 

ai  r exchange). 
5 The EXREM I 1 1  computer code which calculates  the dose ra te  i n  an 

infinite volume of contaminated a i r  was used t o  provide the dose con- 

version fac tor  ( m r e m / h r  per pCi/m ) f o r  each nuclide. 3 Each nuclide tha t  
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cont r ibu tes  s i g n i f i c a n t l y  t o  the dose f r o m  20-year-01 d na tu ra l  u ran i  um 

and thorium (see Sect. 5.1.3) was processed. 

are s to red  as data var iab les i n  the program and are a lso  l i s t e d  i n  Sect. 

5.1.3. 

These fac to rs ,  CIMM(J), 

The co r rec t i on  f a c t o r  F(ABS) can be q u i t e  impor tant  i f  t h e  a i r  

volume i s  def ined by a closed room. 

r a t i o  o f  the photon dose r a t e  a t  the  center  o f  a sphere o f  rad ius R t o  

t h a t  from an i n f i n i t e  volume i s  F(ABS) = l-exp(-pR). 

i s  so lved i n  a FUNCTION subroutine and requi res i n p u t  f o r  t h e  e f f e c t i v e  

rad ius R o f  the room. 

It can e a s i l y  be shown t h a t  t h e  

This  expression 

5.1.2.1.3 Dose t o  Sk in from Contact w i t h  a Beta-Par t i c le  Source 

The beta dose t o  the s k i n  can be impor tant  i f  a product  con ta in ing  

be ta-emi t t ing  nuc l ides i s  handled. 

f r o m  the  we1 1 -known Loevi nger po i  nt-source dose-rate formula. 

CONDOS provides dose r a t e  estimates f o r  the case o f  an i n f i n i t e - p l a n e  

s lab  source o f  f i n i t e  thickness by the  model equation: 

The beta dose equation i s  der ived  

697 

6 

NB I NT 

1=1 
DBETA = PMEG*TBETA* ( SOB/ ROB *AVO*DEC ( IEL * c EA( I)*THETA( EO( I))* 

NN 

J=l 
BCOR(STH,HTH,EO( I))*BCON( I)* C FBT( I ,J)*CC( J)  (5-3) 

where 

DBETA = 

TBETA = 

PMEG = 

SOB = 

beta dose equiva lent  (rem) f o r  TBETA hours o f  contact ,  

dura t ion  ( h r )  o f  coni:act, 

dimensional conversion f a c t o r  (1/2 x 1.6E-8 g-rad/MeV) , 
concentrat ion (g/cm ) o f  rad ioac t i ve  ma te r ia l  i n  t h e  

_ - -  3 
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m a t r i x  ma te r ia l ,  
3 ROB = dens i ty  (g/cm ) o f  the  ma t r i x  ma te r ia l  p l u s  the  rad io -  

a c t i v e  ma te r ia l  imbedded i n  it, 

AVO, DEC(IEL), J, and NN were def ined i n  Eq. (5-1),  

I = b e t a - p a r t i c l e  energy group index (dimensionless) , 
NBINT = number (dimensionless) o f  b e t a - p a r t i c l e  energy groups, 

EA(1)  = mean energy (MeV/beta) o f  a d i s t r i b u t i o n  o f  beta p a r t i c l e s  

whose maximum energy f a l l s  w i t h i n  the I - t h  energy group, 
2 2 -1 THETA(EO(1)) = [3c - e ( c  - l ) ] ,  

e = base o f  na tu ra l  logar i thmus, 2.71828 

EO(1) = maximum energy (MeV/beta) assigned t o  a d i s t r i b u t i o n  of 

beta p a r t i c l e s  whose actual  maximum energy l i e s  w i t h i n  the  

boundaries o f  the I - t h  energy group, 

c ) - e x p ( l - T  
V*STH 11 BCOR(STH,HTH,EO(I)) = c2 [3 - 

C (2 + InVoSTH 
+ exp(1 - v-STH) [l - exp(-v-HTH)] , 

V-STH ‘3 2 =[2+ln+] - - [ ,+ In  v-STH 
= c {  c v STHtHTH C 

- exp (1 - 7 VoSTH)  [1 - exp (- TI]} 
+ exp(1 - VOSTH) [l - exp(-v-HTH)] , i f  STH + HTH > 5 ; 

. 

= exp(1 - V-STH) [l - exp(-V-HTH)] , i f  STH > . 

2.0, if 0.17 EO(1) 5 - 0.5, 

1.5, i f  0.5 < EO(1) 5 1.5, 

1.0, i f  1.5 < E O ( I )  2 3 . 0 ;  
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BCON( I )  = dose conversion f a c t o r  (rem/rad) , 
2 STH = absorbing l a y e r  th ickness (mg/cm ), 

HTH = beta source th ickness (mg/cm ), 2 

FBT(1,J) = number of beta  p a r t i c l e s  w i t h  energies i n  the I - t h  

group emi t ted  per  d i s i n t e g r a t i o n  o f  the J - th  n u c l i d e  

(be ta /d i  s ) , 
CC(J) = YI(J)*W-\(J)*CH(J), a l l  o f  which are  de f ined i n  Eq. (5-1). 

The s o l u t i o n  of Eq. (5-3) i s  expressed i n  the  ou tpu t  as the  absorbed 

dose ( rad)  f r o m  TBETA hours o f  con tac t  w i t h  the  product.  

expression d isregards the  dose conversion f a c t o r  BCON( I) , which has been 

s e t  equal t o  u n i t y  f o r  a l l  I i n  the  computer code, thus a low ing  DBETA 

t o  be expressed as an absorbed dose r a t h e r  than as a dose equ iva len t .  

I f  more con- 

This  form o f  

The user must supply SOB, ROB, STH, HTH, and TBETA. 

venient,  the  weight  f r a c t i o n  [g( IEL) /g (mat r ix ) ]  o f  t he  r a d i o a c t i v e  

ma te r ia l  i n  the ma t r i x  may be s u b s t i t u t e d  f o r  SOB and ROB s e t  equal t o  

u n i t y  . 

5.1.2.2 I n t e r n a l  Exposure 

The modes of i n t e r n a l  exposure considered i n  CONDOS are  i n g e s t i o n  

and i n h a l a t i o n  o f  a r a d i o a c t i v e  mater ia l .  

considered t o  c o n t r i b u t e  t o  the dose. 

A l l  types o f  r a d i a t i o n s  are 

I 
1 

1 
8 

I 
I 

v = apparent absorp t ion  c o e f f i c i e n t  (cm 2 /g) 

-1.37 = 18.6 (EO(1) - 0.036) 
¶ 
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5.1.2.2.1 Dose from Inges t i on  

The 50-year dose commitment t o  the  t o t a l  body o f  an i n d i v i d u a l  who 

inges ts  r a d i o a c t i v e  ma te r ia l  du r ing  the  year  be ing  considered i s  g iven 

approximately by: 

NN 

J=l 
ENG = (AMT/37)* C ACT(J)*CING(J) (5-4 1 

where 

ENG = 50-year dose commitment (mrern/year) t o  t h e  t o t a l  body from 

i n g e s t i o n  du r ing  the yea r  be ing considered, 

J, ACT(J), and NN are de f ined i n  Eq. (5 - l ) ,  

AMT = amount (g /year)  o f  r a d i o a c t i v e  ma te r ia l  ingested, 

37 = dimensional conversion f a c t o r  (3.7E4 dps/pCi)/(1000 mrem/rem), 

CING( J )  = 50-year dose-conversion f a c t o r  (rem/pCi ) t o  t h e  t o t a l  body 

from inges t ion .  

8 The INREM computer code which ca l cu la tes  i n t e r n a l  dose commitments 

from i n t a k e  o f  r a d i o a c t i v e  ma te r ia l s  was used t o  determine t h e  values o f  

CING(J). The CING(J) f o r  50-year, to ta l -body  dose c o r n i t t e n t s  f rom 

inges t i on  o f  1 pCi o f  t he  nuc l i des  o f  i n t e r e s t ,  a re  s t o r e d  as data v a r i -  

ables i n  the  program and are l i s t e d  Sect. 5.1.3. 

on l y  AMT t o  o b t a i n  ENG. 

ca l cu la ted  by Eq. (5-4) ,  i f  the appropr ia te  dose-conversion f a c t o r s  

[CING(J)] are used. 

computer code . 

The user  must supply 

The dose commitments t o  o t h e r  organs can be 

This  fea tu re  has been inc luded  i n  the  CONDOS I 1  

3 
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5.1.2.2.2 Dose from Inhalation 

The 50-year dose commitment to the to t a l  body of an individual who 

inhales radioactive material d u r i n g  the year  being considered i s  given 

approximately by : 

N N  

J=l  
EN = CONC*TINH*(BR/37)* C ACT(J)*CINH(J) (5-5) 

where 

EN = 50-year dose commitment (mrem/year) t o  the to ta l  body from 

inhalation d u r i n g  the year  be ing  considered, 

J ,  ACT(J), and N N  are defined in  E q .  (5-1),  
3 CONC = concentration (g/cm ) of radioactive material i n  a i r ,  

TINH = time (hr/year) spent breathing contaminated ai  r , 
3 BR = breathing ra te  (0.833E+6 cm / h r )  of average person, 

37 = dimensional conversion fac tor  (3.7E4 dps/pCi)/(1000 mrem/rem) , 
CINH( J )  = 50-year dose-conversion fac tor  (rem/pCi ) t o  the to t a l  body 

from inhalation. 
8 The INREM code was used to  obtain the values of CINH(J). The values 

fo r  50-year, total-body dose commitments from inhalation of 1 pCi o f  the 

nuclides of i n t e r e s t  are stored as data variables and l i s t e d  i n  Sect. 

5.1.3. 

The user must provide TINH and the means to  compute CONC. Equation 

(5-5) can calculate  dose commi tments t o  other  body organs, i f  the appro- 

pr ia te  dose-conversion factors  are used. 

included i n  the revised computer code . 
This option has a lso been 

3 

i 
1 
I 
i 
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Concentrat ion o f  Radioact ive Mater ia l  i n  A i r  

The va r iab le  CONC, the concentrat ion o f  rad ioac t i ve  ma te r ia l  i n  a i r ,  

which i s  used i n  Eqs. (5-2) and (5-5), can be s p e c i f i e d  i n  one o f  t h ree  

ways. The index I C O N  se lec ts  the  method f o r  s p e c i f i c a t i o n  o f  CONC. 

3 1. I C O N  = 1. The user  suppl ies the a i r  concentrat ion i n  g/cm . 
2. I C O N  = 2. This op t i on  ca lcu la tes  the e q u i l i b r i u m  a i r  concen- 

3 t r a t i o n  i n  a v e n t i l a t e d  room w i t h  an a i r  exchange ra te ,  VRATE (cm /h r ) ,  

and in leakage o f  r a d i o a c t i v e  ma te r ia l ,  SRATE (g/hr ) .  I f  the  room has a 

volume V (cm ), the  time-dependent concentrat ion o f  ma te r ia l  i n  the  3 

room i s  

dCONC = 
d t  A t  equ i l i b r i um,  - ¶ 

and CONC = SRATE/VRATE . 
SRATE AND VRATE must be s p e c i f i e d  by the user, i f  t h i s  op t i on  i s  chosen. 

3. I C O N  = 3. The a i r  concentrat ion i n  an unven t i l a ted  room i s  

computed. I n  t h i s  case, CONC = TLEAK/V, 

where 

TLEAK = the t o t a l  amount (9)  o f  ma te r ia l  leaked i n t o  the  room, 
3 V = volume (cm ) o f  the room. 

The concentrat ion of  rad ioac t i ve  mater ia l  i n  the room i s  a f a c t o r  i n  both 

i n t e r n a l  ( i n h a l a t i o n )  and ex terna l  (submersion i n  contaminated a i r )  ex- 

posure modes. 
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5.1.3 Data Files 

The data base includes the 17 nuclides t h a t  contribute about 99% of 

the dose from natural uranium and thorium which have been purified and 

aged fo r  20 years. As noted i n  Sec. 5.1.1.4, thirteen nuclides have 

been added t o  the data base of the revised code . 3 

Table 5-2 l i s t s  the data variables related to  individual radio- 

nuclides; the nuclides are also identified by name and index number 3. 

The YI(J) are the natural abundances of the mother nuclides fo r  each 

decay chain. The CH(J) are essent ia l ly  the relat ive specif ic  ac t iv i t i e s  

of the mothers t o  the principal nuclides i n  the uranium or thor ium decay 

chains. The RA(J) are the relat ive disintegration rates of each nuclide 

i n  a decay chain t o  that  of the parent of the chain. The RA(J) are time 

dependent terms i n  that  they are determined a t  a specified time a f t e r  

purification of the radioactive material. These values were computed 

from the equations given in I .  Kaplan, Nuclear Physics, Addison-Wesley, 

Reading, Massachusetts , 1955. 

The dose conversion factors CIMM(J), CINH(J), and CING(J) were 
5 8 and INREM computer codes, as noted i n  supplied by the EXREM I11 

Sect. 5.1.2. 

All radionuclide data i n  the data base were assembled from: 

1.  C. M. Lederer, J .  M. Hollander, and I. Perlman, Table of Iso- 

topes, sixth edi t ion,  John Wiley and Sons, New York, 1968. 

2. Unpublished data of the Information Center for  Internal Exposure, 

Oak Ridge National Laboratory. 
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Table 5-3 l i s t s  t h e  values o f  FGM(I,J), t he  photon energy and y i e l d  

per  d i s i n t e g r a t i o n  o f  each nuc l ide.  

q u a n t i t i e s  f o r  be ta  emission, FBT(1,J). 

Table 5-4 l i s t s  t h e  corresponding 

Table 5-5 l i s t s  the  data var iab les  r e l a t e d  t o  photon and be ta  p a r t i -  

c l e  energy. The energy i n t e r v a l  index I i s  s p e c i f i e d  accord ing t o  t h e  

range o f  energies inc luded i n  each i n t e r v a l  and t h e  average photon 

[ENRGY(I)] and beta p a r t i c l e  [EO(I) ]  energy i n  t h a t  range. The mean 

b e t a ' p a r t i c l e  energy, EA( I ) ,  corresponding t o  EO( I )  was ob ta ined f rom 

M. F. James, B. G. Stee l  , and J. S. Story ,  Average E lec t ron  Energy i n  

Beta Decay, AERE-M 640, Atomic Energy Research Establ ishment,  Harwel l  , 

England, 1960. The exposure rate-energy f l u x  r a t i o s ,  CONVR( I )  , were 

obta ined from H. Goldste in ,  Fundamental Aspects o f  Reactor Sh ie ld ing ,  

Addison-Wesley , Reading, Massachusetts , 1959. 

5.1.4 CONDOS Sample Problem 

The use o f  t h e  f i r s t  vers ion  of CONDOS i s  demonstrated by es t ima t ing  

the  r a d i a t i o n  doses t o  man from a hypo the t i ca l  consumer product:  ear then 

tableware designed f o r  use i n  homes and commercial e a t i n g  establ ishments.  

The tableware i s  assumed t o  be coated w i t h  a g laze con ta in ing  20 wt% 

na tu ra l  uranium which has aged 20 years s ince  p u r i f i c a t i o n .  Since t h e  

dens i t y  o f  the  g laze i s  assumed t o  be 4.2 g/cm3, the  concent ra t ion  o f  
3 uranium i n  the glaze i s  0.84 g/cm . 

assumed t o  have a sur face  area o f  750 cm and t o  con ta in  100 g o f  uranium. 

The average p iece  o f  tableware i s  

2 

Shipments o f  the  tableware are assumed t o  be r e s t r i c t e d  t o  longhaul  

and 1 oca1 -del i very t ruck .  Warehouses and r e t a i  1 s to res  are the  on ly  

d i s t r i b u t i o n  f a c i l i t i e s  assumed t o  conta in  the  tableware. A s i n g l e  ' 
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emergency s i tuat ion i s  considered, i .e., a truck accident involving a 

cargo, f i re .  

disposed of i n  sanitary landf i l l s .  

Broken,pieces of tableware are discarded i n  trash cans and 

Table 5-6 l i s t s  and indexes the parts o f  the consumer product l i f e  

span model (see Sect. 5.1.1.2) selected for  this example. 

a few of the possible parts were chosen. 

Note that  only 

The names, as l i s t ed  i n  the 

table,  of the stages,  substages, groups, and events are the alphanumeric 

i n p u t  variables. 

are l i s t ed  i n  Table 5-7. 

The i n p u t  variables required t o  describe each event 

Almost a l l  events describe the conditions fo r  direct  photon i r radia-  

tion from a single point source. The receptor was set  a t  the origin fo r  

a l l  cases, and the source to  receptor distance defined by a s ingle  coor- 

dinate, X(K),  for  most events. Multiple point sources requiring more 

than one coordinate are described for events 3.1.1 . l ,  3.1 2 . 1 ,  and 

3.1.3.1. 

shielding factor ,  i s  selected for  a l l  d i rect  i r radiat ion events. I f  the 

ATN(1,K) option had been selected,  25 values o f  t h a t  variable would have 

been required for  each direct  irradiation event fo r  which the option 

was used. 

The option to  specify an AATN(K) ,  which may be regarded as a 

Imersion i n  a cloud o f  contaminated a i r  is considered i n  events 

2.1.1.3 (ICON = 1 ;  CONC specified),  3.2.1.1, and  3.2.2.1 (ICON = 2 ;  

CONC = SRATE/VRATE). Ingestion of the radioactive material i s  consid- 

ered only fo r  users of the tableware--events 3.1.1.1, 3.1.2.1, 3.1.3.1, 

and 3.2.3.1. Inhalation i s  considered for  truckers (2.1.1.3) and 

emergency workers (5.1.1.1, 5.1.2.1, and 5.1.3.1) i n  a truck-cargo f i r e  

si tuation by specifying the concentration o f  radioactive material i n  
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a i r .  Inhalation by dishwashers (3.2.1 . l )  and servers - waiters (3.2.2.1) 

makes use of the calculated value of  CONC. 

Table 5-8 i s  the computer o u t p u t  o f  the radiation doses t o  man f o r  

the conditions assumed f o r  the d is t r ibu t ion ,  t ransport ,  use, disposal,  

and emergency care of the hypothetical consumer product. The most af-  

fected population groups and individuals can be determined eas i ly ,  as 

can the contributions t o  the to t a l  dose by each exposure pathway consid- 

ered i n  the hypothetical example. The beta s k i n  dose from one hour of 

contact i s  l i s t e d  a t  the end of the table .  
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TABLE 5-1 L I S T  OF COMPONENTS TO BE CONSIDERED I N  MODELING THE LIFE SPAN OF A 
CONSUMER PRODUCT 

itages 

) i s  tri b u t  i o n  

r ranspor t  

Substages 

Factory 

Who1 esal e 

Retai 1 

Representative 

Truck-long haul 

Truck-short haul 

Truck- local  de l i ve r ,  

Rai 1.  

A i r  

Bus 

-~ 

Groups 
~~ ~ ~~ 

Sorters,  packers, inspectors,  handlers 
o ther  workers, v i s i t o r s ,  neighbors, 
passersby, any o thers  

See f a c t o r y  groups 

Receivers, stock c le rks ,  sales people, 
cashiers, o the r  workers, examining cus- 
tomers , other  customers, neighbors, pas- 
sersby, o thers  

Representatives, customers, customers' 
neighbors, people along representa t ives '  
routes, o thers  

Loaders, d r i ve rs ,  he1 pers, serv ice  per-  
sonnel, people a t  t r u c k  stops, people 
along routes,  passing motor is ts ,  o thers  

See t ruck- long haul 

See t ruck- long haul 

Loaders, t r a i n  crewmen, passengers , 
other  r a i l  workers, people i n  s ta t i ons ,  
people along rai lways, o thers  

Loaders, f l i g h t  crew, passengers, o ther  
workers, people a t  a i r p o r t s ,  people along 
f l i g h t  rou tes  (accidents on l y ) ,  o thers  

Dr ivers,  passengers, depot workers, depot 
v i  s i  to rs ,  se rv i ce  personnel , people a t  bu 
stops, people along routes, passing motor 
i s t s ,  o thers  

Events (same f o r  a l l  groups) 

Each normal group a c t i v i t y ,  
each accident o r  misuse 

m 
I 
w 
m 



TABLE 5-1  ( con t inued)  

Stages 

Use 

Disposal  

Substages 

Water 

Mai 1 

Use No. 1 
Use No. 2 
E tc .  

Maintenance 

Col 

I nc 

Repa i r 

e c t i o n  

nera t i  on 

Open-p i t  b u r n i n g  

Conica l  b u r n i n g  

Macera ti on 

Groups 

Loaders, crew, passengers, o t h e r  dock 
workers,  pass ing  boats ,  peop le  a long  
waterways, people a t  docks, o t h e r s  

Handlers, s o r t e r s ,  c a r r i e r s ,  o t h e r  
p o s t a l  workers, p o s t  o f f i c e  v i s i t o r s ,  
o t h e r  substages f o r  l o n g  d i s t a n c e  m a i l ,  
people a l o n g  d e l  i v e r y  r o u t e s  

S p e c i f y  u s e r  groups whose methods o f  
use a r e  s i g n i f i c a n t l y  d i f f e r e n t  (e.g. , 
use no. 1 , 2 , .  . . , f r e q u e n t  use rs ,  occa- 
s i o n a l  users,  e t c .  ) ,  people p r e s e n t  
d u r i n g  use, passersby, ne ighbors  t o  
users,  o t h e r s  - s i m i l a r  f o r  a l l  uses 

Maintenance-men, o t h e r  workers, v i s i t o r s ,  
ne ighbors,  o t h e r s  

Repairmen, o t h e r  workers, v i s i t o r s ,  ne igh -  
bors,  o t h e r s  

C o l l e c t o r s ,  d r i v e r s ,  un loaders,  people 
a l o n g  c o l l e c t i o n  rou tes ,  passeobby, o t h e r s  

F a c i l i t y  o p e r a t o r s ,  nearby r e s i d e n t s ,  d i s -  
t a n t  r e s i d e n t s ,  peop le  who f r e q u e n t  t h e  
area o f  t h e  f a c i l i t y ,  passersby, o t h e r s  

See i n c i n e r a t i o n  

See i n c i n e r a t i o n  

See i n c i n e r a t i o n  

Events (same f o r  a l l  groups)  

Each normal group a c t i v i t y ,  
each a c c i d e n t  o r  misuse 

cn 
I 
W m 



TABLE 5-1 (continued) 

kages 

hergenc i  es 

Substages 

Compaction 

Sani tary 1 andf i  11 

Dump 

Other methods 

L i s t  each 
accident o r  
misuse con- 
sidered i n  
the preceed 
groups 

Groups 

See inc ine ra t i on  

See inc ine ra t i on  

See inc ine ra t i on  

See i n c i n e r a t i o n  

Firemen, pol  icemen, medical teams, 
o ther  emergency workers, nearby 
residents,  passersby, o ther  people 
invo lved i n  accident o r  misuse, 
spectators , others 

Events (same f o r  a l l  groups) 

Each normal group a c t i v i t y ,  
each accident o r  misuse 



TABLE 5-2 DATA VARIABLES RELATED TO INDIVIDUAL RADIONUCLIDES 

CIMM(J) CINH(J) CING(J) ENRG( J ) 

$i/cms 

Radionucl ide 
Index I d e n t i  f i  ca- Y I (J )  W ( J )  CH(J) mrem/hr rem/pCi rem/pCi MeV 

J t i o n  

la.b 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12a9b 

13 

14 

1 5a 

1 6a 

17 

Th-232 

Ra-228 

AC-228 

Th-228 

Ra-224 

Rn-220 

PO-21 6 

Pb-212 

B i  -21 2 

T1-208 

Po-212 

U-238 

Th-234 

Pa-234m 

U-234 

U-235 

Th-231 

1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .D 

1 .o 
1 .o 
0.993 

0.993 

0.993 

6.OE-5 

7.16-3 

7.1E-3 

1 .oo 
0.874 

0.874 

0.824 

0.824 

0.824 

0.824 

0.824 

0.824 

0.237 

0.527 

1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 

1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 

1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 

1.87E+4 

6.48 

6.48 

1 .18E+3 

3.21 E+4 

7.52Et5 

3.58E+3 

1 .02E+4 

0.0 

0.0 

1.48E+5 

1 . l lE+5 

3.42Et6 

0.0 

1.20E+3 

7,57E+3 

2.81 E+2 

1 .55E+3 

1 .56E+5 

2.97E+4 

1.84E+2 

2.22F+1 

1 .57E-2 

4.16E+1 

2.7OF-1 

0.0 

3.46E-5 

1 .l OE-2 

9.451E-4 

2.11 E-6 

8,97E-14 

1 .17 

5.74F-3 

8.06E-5 

1.33 

1.20 

5.04F-5 

7 .36E-2 

1.66E+1 

6.26E-6 

1.66E-2 

2.02E-1 

0.0 

7.4?F-9 

3 . W - 3  

3.65E-5 

1 .95E-6 

1 .92E-14 

4.50E-2 

2.3OE-6 

3.23E-8 

5.13E-2 

4.82E-2 

2.02E-8 

0.015 

0.100 

1 .ooo 
0.015 

0.200 

0.500 

0.100 

0.200 

0.800 

0.700 

0.100 

0.015 

0.090 

0.700 

0.015 

0.200 

0.015 

cn 
W 
03 

~ ~~ 

aMother n u c l i d e  o f  the decay chain of  nuc l ides  which f o l l o w  it. 
bPr inc ipa l  n u c l i d e  i n  rad ioac t i ve  mater ia l .  
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 

TABLE 5-3 PHOTON YIELDS PER DISINTEGRATION OF EACH RADIONUCLIDE ( J )  
PER ENERGY INTERVAL (I) 

FGW( I , J )  

I ,J= 1 2 3 4 5 6 7 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

22 
23 
24 
25 

Th-232 Ra-228 Ac-228 
0.0361 
0.0338 0.306 
0.00455 0.0199 

0.00191 0.00501 

0.0584 
0.0740 
0.0193 
0.0563 
0.247 
0.0245 
0.0353 

0.0784 
0.225 
0.197 
0.105 

Th-228 Ra-224 Rn-220 Po-216 
0.0442 0.001 89 
0.0414 0.00201 
0.00557 

0.0129 0.00325 
0.00058 0.00076 
0.0001 4 0.00024 
0.00298 
0.00307 0.0401 

0.00067 
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TABLE 5-3 (continued) 

FGM( I ,J 

I ,J= 8 9 10 11 12 13 14 

1 
2 

3 
4 

5 
6 

7 

8 

9 
10 
11 

12 
13 

14 
15 

16 

17 
18 
19 

20 
21 
22 

23 

24 
25 

Pb-212 Bi-212 T1-208 

0.0660 0.0701 0.0124 
0.0702 0.00503 0.01 32 

0.00897 0.0030 

0.0896 0.001 36 0.0464 

0.162 0.00218 0.0106 
0.0748 0.00056 0.00305 
0.00636 

0.462 0.00462 

0.0284 0.00439 0.0768 
0.00017 0.00015 

0.00395 0.234 
0.852 

0.0710 
0.00958 
0.00388 0.117 
0.00777 0.00598 
0.0208 

0.998 

PO-212 U-238 Th-234 Pa-234111 

0.0719 0.0413 0.00051 3 

0.00468 0.00269 0.00034 

0.00001 

0.00059 

0.00962 

0.0663 0.001 1 5 
0.00028 0.00312 

0.00047 

0.00354 
0.00384 

I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
D 
1 



II. 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
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TABLE 5-3 (continued) 

FGM( I ,J) 

I ,J= 15 16 17 

U-234 
1 
2 0.0874 
3 0.00569 
4 
5 
6 0.001 61 
7 
8 
9 
10 
1 1  0.0058 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

U-235 

0.349 
0.227 
0.00156 
0.00506 

0.0843 
0.0488 
0.151 
0.584 

Th-231 

0.721) 
0.137 
0.121 
0.0005 

0.00454 
0.0024 
0.0864 
0.0129 
0.0306 
0.00331 
0.0004 
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TABLE 5-4 BETA PARTICLE YIELDS PER DISINTEGRATION OF EACH 
RADIONUCLIDE (J) PER ENERGY INTERVAL (I) 

FBT(1,J) 

I,J= 1 2 3 4 5 6 7 

Th-232 Ra-228 Ac-228 Th-228 Ra-224 Rn-220 p0-21 6 
1 1 .oo 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

0.105 
0.055 

0.113 
0.065 
0.330 

0.200 

0.130 

1 
1 
€ 
1 
1 
1 
1 
1 
1 
1 
1 
1 
D 
1 
1 
1 
1 
1 
m 
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TABLE 5-4 (continued) 

FBT( I ,J) 

I , J=  8 9 10 11 12 13 14 

Pb-212 Bi-212 T1-208 Po-212 U-238 Th-234 Pa-234m 

1 0.190 
2 0.050 0.810 
3 0.810 
4 

5 0.008 
6 0.140 0.021 

7 0.013 
8 
9 0.001 

10 0.038 
11 
12 

13 
14 
15 
16 

17 
18 
19 

20 
21 
22 
23 

24 
25 

0.250 

0.210 
0.050 

0.500 

0.547 

0.0074 

0.0072 

0.985 
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TABLE 5-4 (continued) 

FBT( I , J )  

17 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 
16 
17 

18 
19 
20 
21 
22 
23 
24 
25 

U-234 U-235 Th-231 
0.014 
0.277 
0.709 



TABLE 5-5 DATA VARIABLES RELATED TO PHOTON AND BETA PARTICLE ENERGY 

Energy Photon Beta 
group energy CONVR( I ) energy 

E A ( I  1 
MeV 

index i n t e r v a l  ENRGY ( I  ) r l  h r  i n t e r v a l  E O ( I )  
I MeV MeV MrV/em'-sec MeV MeV 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

0-0.01 2 
0.01 3-0.01 8 
0.01 9-0.025 
0.026-0.035 
0.036-0.045 
0.046-0.055 
0.056-0.065 

0.066-0.075 
0.076-0.085 
0.086-0.096 
0.096-0.12 
0.13-0.18 
0.19-0.25 

0.26-0.35 
0.36-0.45 
0.46-0.55 
0.56-0.65 
0.66-0.75 
0.76-0.85 
0.86-0.95 
0.96-1.2 
1.3-1.7 
1.8-2.5 
2.6-3.5 

3.6-4.5 

0.01 
0.015 
0.02 
0.03 
0.04 
0.05 
0.06 

0.07 
0.08 
0.09 
0.10 
0.15 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1 .oo 
1.50 
2.0 
3.0 

4.0 

2.901 E-4 
8.183E-5 
3.302E-5 
0.955E-5 
0.424E-5 
0.259E-5 
0.198E-5 
0.1 69E-5 
0.163E-5 
0.1 54E-5 
0.1 60E-5 
0.173E-5 
0.185E-5 
0.199E-5 
0.204E-5 
0.204E-5 

0.204E-5 
0.202 E-5 
0.1 99E-5 
0.1 96E-5 
0.1 92E-5 
0.177E-5 
0.1 64E-5 
0.145E-5 
0.133E-5 

0-0.15 0.1 0.026 
0.16-0.25 0.2 0.054 
0.26-0.35 0.3 0.084 
0.36-0.45 0.4 0.116 
0.46-0.55 0.5 0.149 
0.56-0.65 0.6 0.183 
0.66-0.75 0.7 0.217 
0.76-0.85 0.8 0.253 
0.86-0.95 0.9 0.289 
0.96-1.05 1 .o 0.326 
1.06-1.15 1.1 0.363 
1.16-1.25 1.2 0.401 
1.26-1.35 1.3 0.442 
1.36-1.45 1.4 0.481 
1.46-1.55 1.5 0.522 
1 .56-1.65 1.6 0.563 
1.66-1.75 1.7 0.605 
1.76-1.85 1.8 0.647 
1.86-1.95 1.9 0.688 
1.96-2.05 2.0 0.731 
2.06-2.15 2.1 0.774 
2.16-2.25 2.2 0.818 
2.26-2.35 2.3 0.862 
2.36-2.45 2.4 0.906 

2.46-2.55 2.5 0.950 

u1 
1 
P 
u1 
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TABLE 5-6 CONDOS SAMPLE PROBLEM: LIFE SPAN 
MODEL FOR HYPOTHETICAL TABLEWARE 

1.  Distribution 
1.1 Warehouse 

1 . l  . l  Hand1 ers 
1.1.1.1 hand1 i n g  
1.1.1.2 storage 

1.1.2.1 a t  home 

1.1.3.1 passing by 

1.2.1.1 display 
1.2.1.2 storage 

1.2.2 Shoppers 
1.2.2.1 a t  display 
1.2.2.2 i n  s to re  

1.2.3 Nearby clerks  
1.2.3.1 a t  work 

1.2.4 Passersby 
1.2.4.1 normal 

1.1.2 Nearby residents  

1 . l  .3 Passersby 

1 . 2  Retail s to re s  
1.2.1 Clerks 

2. Transport 
2.1 Truck - long haul 

2.1.1 Drivers - helpers 
2.1.1.1 driving 
2.1.1.2 s tops - r e s t  
2.1.1.3 accident - cargo f i r e  

2.1.2.1 normal a c t i v i t i e s  

2.1.3.1 normal a c t i v i t i e s  

2.1.4.1 passing trucks 

2.2.1.1 normal a c t i v i t i e s  

2.2.2.1 normal a c t i v i t i e s  

2.1.2 Persons a t  stops 

2.1.3 Persons along route  

2.1.4 Motorists 

2.2 Truck - local delivery 
2.2.1 Del i verymen 

2.2.2 Persons along route 

3. Use 
3.1 Domestic use 

3.1.1 Frequent users 
3.1.1.1 eat ing 
3.1.1.2 storage 

3.1.2 Occasional users 
3.1.2.1 eating 
3.1.2.2 storage 

3.1.3 Guests 
3.1.3.1 eat ing 

3.1.4 Neighbors 
3.1.4.1 a t  home 

3.2 Commercial use 
3.2.1 Dishwashers 

3.2.1.1 a t  work 
3.2.2 Servers - waiters 

3.2.2.1 a t  work 
3.2.3 Patrons 

3.2.3.1 dining out 
3.2.4 Passersby 

3.2.4.1 normal a c t i v i t i e s  

4. Disposal 
4.1 Landfill 

4.1 . l  Col 1 ec to r s  

4.1.2 Passersby 

4.1.3 F i l l  workers 

4.1.4 Area users 

4.1.1.1 a t  work 

4.1.2.1 passing cans- 

4.1.3.1 a t  work 

4.1.4.1 normal a c t i v i t i e s  

5. Emergencies 
5.1 Transport accident 

5.1.1 Firemen 

5.1.2 Policemen 

5.1 .3 Medical team 

5.1.1.1 f ight ing f i r e  

5.1 .2.1 crowd control 

5.1.3.1 f i r s t  a id  



TABLE 5-7 UNLE W E  PBBLEM: 
HYPOMETICAL TABLEWARE 

LIST OF INPUT VARIABLES lH4T DESCRIBE ME EVENTS I N  THE LIE SPPN OF ME 

IEL=2; SOB=0.84; ROb4.2; STH=40; HTH=666; TBETA=l 
TITLE1 : SAMPLE PROBLEM FOR CONDOS - HYPOTHETICAL EARTHENWARE COATED WITH CERAMIC GLAZE 
TITLE2: CONTAINING 100 G OF 20-YEAR OLD NATURAL URANIUM - HYPOTHETICAL PARAMETERS. 

Index 
1.1.1.1 
1.1.1.2 
1.1.2.1 
1.1.3.1 
1.2.1.1 
1.2.1.2 
1.2.2.1 
1.2.2.2 
1.2.3.1 
1.2.4.1 
2.1 *1.1 
2.1 -1.2 
2.1.1.3 
2.1.2.1 
2.1.3.1 
2.1.4.1 
2.2.1.1 
2.2.2.1 
3.1.1.1 3 1 2 

- 

- -  - 
- -  - 
- -  - 
- -  - 
3 1  2 - -  - 

I G P  I S P  NOEV 
1 1  2 

1 1  1 
1 1  1 
1 2  2 

1 2  2 

--- 
- -  - 

- -  - 
- -  - 

NM NP I C O N  ITN EVPROB E 
1200 1 1 0 1.0 

1 1 0 1.0 
1200 1 1 0 1.0 

100000 1 1 0 1.0 
500 1 1 0 1.0 

1 1 0 1.0 
1000000 1 1 0 1.0 

1 1 0 1 .0  

- ---- TINH - XO YO ZO CONC --- - TDIR AMT T I M  SRATE TLEAK VRATE S& YJKJ AATN(K) - 
0.1 
40 
70 

2,000 30.5 
2,000 305 
2,000 18,000 
2,000 9,000 

500 150 
200 700 
500 150 
200 1,500 
400 18,000 
400 18,000 

650 
9,000 

9,000 
15,250 
3,050 

650 
9,000 
30.5 

152.5 
76.3 76.3 
76.3 76.3 

1,525 
30.5 

152.5 
76.3 76.3 
76.3 76.3 

1,525 
30.5 

152.5 
76.3 76.3 
76.3 76.3 

4,575 
90.0 

152.5 
61 .O 

18,000 
90.0 

150.0 
9,000 

30,000 
3,050 
7,100 
7,100 

1 .  
1. 
0.9 
0.9 
0.9 
0.9 
1. 
0.85 
0.5 
0.5 
0.8 
0.6 

1 2  1 2000 1 1 0 1.0 
1 2 1 999000000 1 1 0 1 .o 

510 1 1 0 1.0 
1 1 0 1.0 

2 1  3 

- -  - C 1 0 3.5E-3 1000 
2 1  1 5100 1 1 0 1.0 
2 1 1 35700000 1 1 0 1 .O 
2 1 1 35700 1 1 0 1.0 

- -  - 28 
8 
0 
1 

0.02 
0.02 

2 
0.02 

700 

4,000 
4,000 

4,000 
4,000 
4,000 
200 

0.08 1.2E-10 0.08 
0.6 
0.3 
0.6 
0.8 
0.7 
0.9 
0.9 
0.9 
0.9 
0.8 
0.9 
0.9 
0.9 
0.9 
0.8 
0.9 
0.9 
0.9 
0.9 

2 2  1 200 1 1 0 1.0 
2 2 1 1000000 1 1 0 1.0 

2000 

2000 

200 
500 
500 
500 
500 
400 
500 
500 
500 
500 
400 
500 
500 
500 
500 
400 

3.6E6 375 
3.6E6 500 

500 
1,000 

100 
100 
500 
500 

50,000 
50,000 
50,000 

Ln 
I 
P 
U 

3.1.1.2 
3.1.2.1 

1 1 0 1.0 
4 1 0 '  1.0 

2920 
100 

- _  
2920 

1 
3.1.2.2 
3.1.3.1 40000 1E-5 - - -  

- - -  
- - -  

1.2E6 
1.2E6 

- -  - 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

- - -  - 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3.1.4.1 
3.2.1.1 
3.2.2.1 
3.2.3.1 

8000 
500 

1000 
7500000 

999OOODO 
30 

100000 
40 

1000000 
5 
2 
3 

1 
2 

1 .o 
1 .o 
1 .o 
1.0 

2920 
2000 2000 1E-9 
1000 250 1E-9 

0.8 
1. 
1. 
0.9 
0.5 
0.7 
0.7 
0.5 
0.5 
0.7 
0.7 
0.7 

95 2000 
95 250 2 

1 
1 
1 
1 
1 
1 

4 1E-4 
0.02 

1 
0.02 

1 
8 
1 
1 

0.25 

1 ;o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 

3.2.2.4 
4.1.1.1 
4.1.2.1 
4.1.3.1 
4.1.4.1 
5.1.1.1 
5.1.2.1 
5.1.3.1 

1000 1 
1000 1 
1000 0.25 

1.2E-10 
1.2E-10 
1.2E-10 

1 
1 

~ ~ ~~ ~~ ~ 

aDashes (-) i n d i c a t e  var iab les and input  cards t h a t  may not  be f i l l e d - i n .  A l l  blank var iab les are  s e t  equal t o  zero. 



TABLE 5-8 CONDOS SAMPLE PROBLEM 

POPUIATION RACIATICN C O S E  E F C L  THE D I S T R I B U T I O N , U S E , A N D  DISPOSAL 

OF CONS O B  E R  F RODOCTS CO RTAI  NING R ADXOACTIVS MATERIALS 

SAMFLB PRCBLEM F O R  CORDCS - H Y F O T E E T I C I L  EARTHEN TAFLEWARE COATED WITH C F R A H I C  
GLAZE CCRTAINING 1 0 0  G OF' 20-YEAR OLD NATURAL U R A N I U M  - HYPOTHETICAL PARAMETERS. 

D I S T R I B U T I O N  

Y A R E HO US E 

RANDLERS 
( 1 . 2 0 0 E  03  MEMBERS) 

H A  N E L I  N G 7 . 9 9 E - 0 2  
STORAGE 3 .19E-01  

' TOTAL CCSE --- H A N C I E R S  
NEARBY R E S I C E N T S  

( 1 - 2 0 0 E  03 MEHBERS) 

AT HOME 1 . 4 4 1 - 0 4  

TOTAL DOSE --- NEARBY li E Z I D E  LTS 
PASSE AS EY 
( 1 . 0 0 0 E  0 5  HERBERS)  

P A S S I N G  EY 1 - 6 5  I- 07 

TOTAL COSP --- P ASS E R S  EY 

a. 0 
0.0 

0.0 

0.0 

0.0 
0 .0  

0.0 
0.0 

7 . 9 9 E - 0 2  1 . O O E  00 9 . 5 8 E - 0 2  
3 . 8 3 E - 0 1  1 . 0 0 E  00 ?. 1 9 E - 0 1  

4 . 7 9 E - 0 1  

u1 
I 
P 
0) 

0.0 0.0 1.73 E-04 1.OOE 00 1 . 4 4 E - 0 4  

1 .73E-  0 4  

0.0 0.0 1 . 6 5 E - 0 7  1 .00E  00 1.65X-05 

l . h S E - 0 5  

4 . 7 9 E -  C 1  TOTAL DOSE --- PAR EHOUSE 
R E T A I L  S T O R E S  

CLERKS 
( 5 . 0 0 0 E  0 2  MEMBERS) 

D I S P L A Y  
STORAGE 

8.91 E-01 0.0 
6. E5E-02 c . c  

0.0 
0.0 

0.0 
0.0 

4 . 4 6 1 - 0 1  
3 . 2 7 E - 0 2  

8.9 l e -01  1 . 0 0 E  00 
1 . 0 0 E  00 6 . 5 5 E - 0 2  

TOTAL COSE --- C L E R K S  
S H O P P E R S  

( 1 . 0 0 0 E  06  REHBERS)  

4 . 7 R E - 0 1  

AT D I S P L A Y  
I N  S T O R E  

4. 13E-OP 0.0 
1 . 4 0 E - 0 5  0. c 

0.0 
0.c 

0.0 
0.0 

4 . 1 3 E - 0 4  1.OOE 00 4 . 1 3 E - 0 1  
1 .40E-OS 1 . 0 0 E  00 1 - 4 O F - 0 2  

TOTAL DOSE --- S R O F P E R  C 
NEARBY C L E R K S  

( 2.000E 03  MEMBERS) 

4.27E- 01  



AT WORK 

TABLE 5-8 (continued) 
4. 40E-04 0.c 0 .0  c. 0 

TOTAL DOSE --- N E A R B Y  CLERKS 
PA SSERSB Y 
( 9.490E O R  HEHBERS) 

N O E N A L  4.59E-09 a. c 0.0 0.0 

TOTAL DOSE --- PASSERSEP 

TOTAL DOSE --- RETBIL S T O R E S  

I O I A L  D D Z R  --- DISTRIBOTION 
TEANSPORT 

TRUCK - LONG H A U L  

DRIVERS - HELPERS 
( 5.100E 0 2  IEMBERS) 

D R I V I N G  7.88E-02 0. c 0.0 0.0 
STOPS - REST 8. fOE-05 0.0 0.0 0.0 
ACCIDENT - C A R G C  PI 8 E  0.0 7.C5E-12 7.25T-03 0.0 

TOTAL COSE --- DRIVERS - HELFBBS 
PERSONS AT STOPS 

( 5.100E 0 3  MERBERS) 

NORHAL ACTIVITIES 1. 10E-05 0.0 

TOTAL DOSE --- PEPCONS A 1  STCFS 
PERSONS A Z C N G  ROUTE 

( 3.5703 0 7  HEPIBERS) 

N O F Y A L  ACTIVITIES 3. @3E-08 0.0 

TOTAL CCSE --- PERSCNS P I O N G  ROOTE 
NOTORISTS 

( 3.5703 04 MERBERS) 

PASSING TRUCKS 1.92E-06 0.0 

TOTAL LOSE --- MOT C 5 I S  I S  

TOTAL D O Z E  --- T R U C K  - L O N G  H R U L  
TRUC K - L C C A L  C E I T V E R Y  

DELIVERYHEN 
( 2.000E 02  M G N B E R S )  

NORMAL ACTIVIIIES 2. E 1P- 04 0.0 

TOTAL LOSE --- C € L I V E R Y H E N  
PERSONS A L C N G  R C U T E  

( 1.000E 0 6  NERBRRS) 

NOEHAL RCZIVITYES 1.2eE-08 0.0 

TOTAT. EOSE --- PERSCNS A L O N G  R O U T E  

0.0 

0.0 

o.a 

0.0 

0.0 

0 .0  

0 .0  

0.0 

c. 0 

0.0 

8.80E-04 4.40E-C4 1.00F 00 

4-59E-09 1.00E 00 4.58E-03 

8.80E-04 

4.581-03 

9.11E-01 

1.39E 00 

7.88B-02 1.00E 00 4.028-02 
E. 80E-05 1.00E 00 4.49E-05 
7.25E-03 3.50E-03 1.298-05 

l.lOE-05 1.00'2 00 5.6 1E-05 

3 . 8 3 ~ - 0 8  1.00G 00 1.378-03 

1.92 E-06 1.00E 00 6.84E-05 

2.8 1 F- 04 1.00E 00 5.63F-05 

4.02E-02 

5.618-05 

1.373-03 

6.84E-05 

4. i 7 ~ - a 2  

5.63E-05 

1.283-05 1.OOE 00 1.28P-08 

1.28E-05 

ul 
P 
u3 



TABLE 5-8 (continued) 
TOTAL DOSE --- TRUCK- L OC A L DEL I V ERT 

TOTAL DOSE --- TfiA RSPOfiT 

6.913-05 

4.18E-02 
USE 

EOIESTIC USE 

FREQUENT USERS 
( 2.000E 03  IEIBERS) 

E A T I N G  1.ClE 02 0.0 
STORAGE 1.49E- 01 0.0 

TOTAL COSE -- P R E C U E N T  OSERS 
OCCASION AL OSER S 
( 2.000E 03 IEEBERS) 

BATING 2.16E 01  0. a 
STORAGE 1.491- 0 1 0.0 

TOTAL DOSE --- OCCASIONAI OSERS 
GUESTS 

( 4.OOOE 04 IEIBERS) 

EATING 2.16I-01 0.0 

TOTAL DOSE --- GUESTS 
NEIGRBORS 
( 8.OOOE 03 IELIBERS) 

AT nonB 1.663-02 0.0 

TOTAL COSE --- N E I G A B O  kS 

1.008 00 3.023 02 1.7UE-01 1.51E 02 
0.0 1.49E- 01 1.00E 00 2.983-01 

0.0 
0.0 

3.02E 02 

0.0 
0.0 

4.32E 01 3.49E-02 2.16E 01  
0.0 1.49B-01 1.00E 00 2.98E-01 

1 . O O E  00 

4.35E 01 

3-491-04 i. 16E-01 1.00E 00 8.64E 00 0.0  

8.64E 00 

u1 
I 
u1 
0 

1. 33E-01 

3.553 02 

0.0 1.66 E-02 1.00E 00 1.33E-01 0. a 

COIIERCIAL USE 
TOTAL DOSE --- DOMESTIC O S 1  

DISAWASABRS 
( S-OOOB 02 IEUBEES) 

AT UORR 3.44E 01 1.13I-12 

TOTAL COSE --- DISEUASEEFS 
SERVERS - WAITERS 

( 1 - O O O E  03 REIBERS) 

AT WORK 7.931 00 1.42I-13 

1.261-03 0.0 3.44B 01  1.00E 00 1.72E 01 

1.72E 01 

1.571-04 0.0 7.933 00 1.00E 00 7.93B 00 

3.49B-03 1.83E-01 1.00E 00 1.37F 03 

TOTAL DOSE --- SERVERS - UAI'IERS 
PATRONS 

( 7.500E 06 MBRBERS) 

D I N I N G  OUT 1.8OP-01 0.0 

TOTAL tOSE --- FATFONS 
PASSERSBY 

( 9.9903 07 HEIBERS) 

NORRAL ACTIVITIES 1.15'E-08 0. a 

7.933 00 

0.0 

0.0 

1.373 03 

0.0 1.15E-03 1.OOE 00 1.15E-08 



TABLE 5-8 (continued) 
TOTAL DOSE --- PASSERSEY 

TOTAL DOSE --- CO4HERCIAL USE 

TO'IAL DOSE --- USE 
D I  SP 0 S AL 

LA NDPILL 

COLLECTORS 
( 3.000E 0 1  HEHBERS), 

AT PORK 3.21E-03 0.0 

TOTAL DOSE --- COL L ECTC IS 
PA SS ER S BY 

( 1.000E 05 HEHBERS) 

PASSING CANS 2.31E-05 0.0 

TOTAL DOSE --- PASSEBSEY 
FILL WORKERS 

(,4,00OE 0 1  MENBERS) 

AT WORK 1.15E-06 0.0 

TOTAL COSE --- P I L I  WCFKERS 
A R E A  USERS 

( 1.000E 06 NEHBERS) 

NORHAL ACTIVITIES 8.25E-07 0.0 

TOTAL DOSE --- A R E A  USER: 

TOTAL C O C E  --- LAN C P I L L  

TO'TAI DOSE --- 01 S PO S AL 
BHERGENCIES 

TRANSPORT A C C I C E N T  

0.0 

0.0 

0.0 

0.0 

0.0 3.21 E- 03 1-00E 00 9.6313-05 

0.0 2.31 E-05 1.00E 00 2.3lE-03 

0.0 

0.0 

P I R  E H El 
( 5.000E 00 HEHBERS) 

€I REP IGRT I N G  1.40E-03 8.81E-11 9.07E-02 0.0 

TOTAL DOSE --- F I R E M E N  
F O L I  CEMEN 
( 2.0008 00 HEHBERS) 

CROWD CONTROL 2.5813-04 8-8lE-11 9.07E-02 0.0 

TOTAL COSE --- POL ICEHEt i  
MEDICAL TEAM 

( 3.000E 00 NEHBERS) 

FIRST A I D  6.45E-OS 2.20E- 11  2. i7E- 02 0.0 

TOTAL DOSE --- H E D I C A L  T E A R  

1.15E-06 1.00E 00 4.591-08 

8.258-07 1.00E 00 8.258-04 

9.21 E-02 1.00E 00 4.6OE-04 

9.09 E-02 1.00B 00 1-828-04 

6.823-05 2.278-02 1.00E 00 

1. 15E-03 

1.40E 03 

1.75E 03 

9.63E-05 

2. 31E-03 

4.59E- 08 

8.25E-04 

3.233-03 

3.231-03 

4.60E-04 

1.823-04 

6. 82E-05 

VI 
I 
VI 
c-l 
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