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SUMMARY 

The U . S .  Department of Energy recently published an interim dose limit 

A conputer program named CRITR, developed previously for calcu- 
of 1 rad d-' for contrglling the radiatio? "xposure of native aquatic 
organisms. 
lating radiation doses to aquatic organisms and their predators, has been 
updated as an activity o f  the Hanford Site Surface Environmental Surveillance 
Project to facilitate demonstration o f  compliance with this limit. 
report presents the revised models and the updated computer program, CRITRZ, 
for the assessment o f  radiological doses to aquatic organisms and their 
predators; tables o f  the required input parameters are also provided. 
internal and external doses to fish, crustacea, mollusks, and algae, as well 
as organisms that subsist on them, such as muskrats, raccoons, and ducks, may 
be estimated using CRITRZ. Concentrations o f  radionuclides in the water to 
which the organisms are exposed may be entered directly into the user-input 
file or may be cblculated from a s w r c e  term and standard dilution models 
developed for the National Council on Rzdiation Protection and Measurements 
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I NTRODUCT I ON 

Pathways of exposure associated with liquid effluent: are generally the 
most significant contributors to radiation duse to organisms other than man. 
Aquatic organisms can concentrate radionuclides from their water environment 
either directly or via their food chains. 
recently published an interim dose limit of 1 rad d-'  for controlling the 
radiation exposure o f  native animal aquatic organisms (DOE Order 5400.5 

[ 1990)) .  
radiation doses to aquatic organisms and their predators (Soldat, Robinson, 
and Baker 1974;  NCRP 1991) ,  has been updated as an activity of the HanTcjrd 
Site Surface Environmental Surveillance Project to facilitate demonstration o f  
compliance with this limit. For purposes of calculating concentrations of 
radionuclide5 in aquatic organisms, the organisms can be divided into two 
classi i'icat ions: "primary aquatic organisms, I' those for which el ernent - 
specific ratios between concentrations in the water envircnment and the 
organism are available, and "secondary organisms," which feed upon primary 
organi snis.  

The U.S. Department o f  Energy (DOE) 

A computer program named CRITR, previously developed for calculating 

This report presents the revised models and the updated computer pro- 
gram, CPITRZ, for the assessment of radiological doses to aquatic organisms 
and their predators; tables o f  the required input are also provided.. The 

first section o f  the report describes the equations for ca!cula:ing internal 
~ O C D S  for primary and secondary organisms and presents a s a m p l e  calculation. 
The next section describes the equations and methodology for calriilatinc 
external doses to these two clzsses of organisms and also includes an Exzmple 
calcclation. Appendix A i s  a user's guide that describes the C R I T R 2  program. 
Both internal and external doses to fish, crustacea, mollusks, and algae, as 
well as  organisms sgbsisting on them, such as muskrats, raccoons, and decks, 
may be estimated using C R I T R 2 .  Concentrations of radionuclides in the water 
t o  which thP organisms are exposed may be entered directly into the user input 
file or may be calculated from 3 source term and standard dilution eiode?s 
being developed for the National Council of Radiation Protecticn and b!ezjcre-  

Rents. Appendix 8 contains the inpgt files and a ;ample probier!. 
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INTERNAL DOSF. 

Radionuclide concentrations in primary organisms can be calculated 
directly from the water concentrations and bioaccumulation factors. The 
primary organisms considered are fish, crustacea, m l l u s k s ,  and plants. 
Radionuclide concentrations for secondary organisms can be calculated from 
their diet of primary organisms. 
were selected such that each primary organism would be in the diet of at least 
one secondary organism. 
commonly selected are herons (fish-eating), raccoorls (crustacea-, mollusk-, or 
fish-eating), muskrats (plant-eating), and ducks (plant- or fish-eating). 

Representative secondary birds and mammals 

For the Hanford Site, pred3tory birds and mammal5 

The in?ernal total-body dose rate to an organism for N radionuclides i s  

given as 

n 
R, = C b , . c  E1.C ( 1 )  

I =I 

where R, = dose rate to total body o f  organism c (rad d-'), 

E, .i - effective absorbed energy rate for nuclide i per unit activity in 
organism c (kg rad Ci d ) .  

E , . c  = e l . c  HnV dis-! x 3.70Ei0 dis s-' C i ' l  

x 86,400 s d-' x 1.61)ZE-11 kg rad FeV-' = 5 . 1 2 E 4  E - 

where L is the effective abscrbed energy for nuclide i in 
organism c. 

specific body burden o f  nuclide i i n  organism c (Ci kg-'). b, .c  = 

For a primary organism, 

bl . c  = Cl . c  61 .c  

where C l , c  is concentration o f  nuclide i in water to which 3rganisn: c is 
exposed (Ci m-3), and B ,  

c (v' kg-'). 
is bioaccumulation factor for nuclide i and organirn 

Here the water concentration has already been corrected for 
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dilution and radioactive decay during transit from the point of release into 
the receiving water body to the region of the organism's habitat. 

Combining equations ( 1 )  and (2) yields the dose rate in rad d-' to the 
primary organism 

N 

1 =I 

For the secondary organism, we can write an expression for a single 
radionuclide equating the change in body burden for the uptake and removal of 
the radionuclide 

where bS = specific body burden o f  the secondary organism ( C i  kg-') 

P = 

1 - 
rate of uptake o f  radionuclide by body of organism (Ci a - I )  

( A b  t A r )  effective decay c o n s t m t  in secondary organism, (d-I), 
where A = ln(Z)/T, is the biological removal rate constant for 
the nucjide in the secondary organism and lr = ln(Z)/Tr is the 
radiological decay constant for the nuclide 

M = mass o f  secondary organism (kg). 

The secondary organism uptake rate is given by 

P = b U f ,  

where b = body 'burden of  primary organism (Ci kg-') 

U = 

fi = 

intake rate of primary organism by predator (kg d-') 

fraction of radionuclide initially retained in total body o f  
secondary organism (unitless). 

Solving equation (4) with bS = 0 when t = 0: 
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where Te is the period of exposure (d). 

Then, for a secondary organism c, the dose rate in terms of the body 
burden bi, of the primary organism for N radionuclides is 

where Uc = 

= 

intake rate of primary organism by secondary 0rganism.c (kg d-') 

efffctive decay constant o f  nuclide i in secondary organism c 
(d- 1 

A , . c  

mc = mass of secondary organism c (kg). 

In the absence of specific data, the removal constants, A i . c ,  and uptake 
fractions 
tion 2 o f  

See Table 
energy, E 
Table 2 g 

f l a i ,  are taken to be that of Standard Man as derived from Publica- 
the International Conmission on Radiological Protection (ICRP 1959). 
l.for a list of representative vaiues. The vaiues of effective 

are determined knowing the effective radius of the organism. . c '  
ves values for the energies 'in ,MeV dis-' for selected nuclides and 

radii. Energies for raaii falling between these values may be found by linear 
interpolation. However, for most estimztes, selecting the energy a s s o c i a t e d  
with the radiu: closest t o  .that o f  the organism suffices. 

is usually assumed to be one year for regulatory purposes, and the water 'e' 
concentration is averaged over one year. 
abtaiced by hand calculation o r  the CRITR2 screening program for surface wattbr 
pathways (see Appendixes A and B). 

ExaRple Calculation 

The exposure tim, 

These doses to organisms may be 

As an example o f  how this rethodology may be applied to some repre;enta- 
tive Hanford biota, hn estimate was mzde o f  the internal dose r2te fro? --Cc 

to a fish residing in water having the concentration of 4 .9E-8  Ci m-' acd ! 3  a 

; -. 
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heron whose total diet consists of such fish. The radiological decay constant 
for “Co is 3.6E-4 de’ (half-life of 5 . 2 7  y). 

The solution is as follows: first the body burden of the fish i s  calcu- 
lated. The bioaccumulation factor for fresh-water fish is obtained from 
Table 1 for cobalt: 
using Equation (2) is then 

330 L kg-’ or 0.33 m3 kg-’. The body burden of the fish 

b f i r h  = 4.9E-EICi m 3  x 0.33111’ kg-’ = 1.62E-8Ci kg-’ 

From Table 3, w2 find the effective radius of a reference Hanford fish to be 
5 cm. Then from Table 2, we find the energy absorbed in this radius for 6oCo 
is G.437 MeV dis-’. Then the dose rate, using Equation (l), is 

R f , 5 h  = 1.62E-CC.i kg-”x(5.12i4x0.437) kgrad C i  

= 3.6E-4radd-’ (3.6E6Gyd-’) 

The internal dose to the heron i s  estimated frcn Equation (7). A s  seen 
i n  Table 3, t h ?  typical heron has a mass of 5 kg,  a n  effective radius of 
1C: cm, and eats 0.6 kg of fish per day. 
the secondary organism (heron) w-ith an effective radius o f  i 0  cm is 0 732 MeV 
cis-’ . 

From Table 2, the effective energy of 

E = 5.12E4x0.732 = 3.75E4kgradCi - i d - i  

The ti31ogica1 ha!f-life is 9.5 d from Table 1 ,  which car! be convsried to a 
!GjS rate: c1.593/17.5 d = 0.0730 de!. 
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Then the effective decay rate i s  

I = 3 .6E-4  +0.0730 = 0.0734d-‘ 

Substituting the above values and the uptake fractlon o f  0.3 for cobalt from 
Table 1 into Equation ( 7 j ,  we get the followlng as the heron dose rate: 

1 .6 2 E -8C 1 kg -I x 1 0 . 6  kg d -’ x 0 .3 x [ 1 *x p ( -0.0 7 34 d ’ x 3 6 5 d ) J x 3 . 7  5 E 4 kg r 2 d i i -! a 

5 kg x 0 . 0  73 4 d 
Riuro, = 

= 3.2E-4 rad d (3.2E-6Gyd ’) 
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EXTERNAL DOSE 

The methods used for calculating external radiation dose rates to 
aquatic organisms from exposure to water and sediment are similar to those 
used for man. The external pathways for a crawling or fixed orgacism such 
as a crab or clam include immersion in water and contact with bottom sediment. 
From Soldat, Robinson, and Baker (1974) ,  the water imersion dose rate in 
Gy d-' from N nuclides i s  

. 

where DF!,ne,s.! is the water immersion dose factor for nuclide i ,  rad d" per 
Ci m-3, and F e r p  is the exposure fraction (unitless). 

The model fo r  the direct irradiation dose from bottom sediment or mud is 
similar to the shoreline dose equation of Soldat, Robinson, and Baker (1974). 
For N nuclides, the dose rate in rad d-' is 

where FSed = sediment deposition transfer factor, 0.07 Ci m-' d-' Ci-' 13' 
(Soldat, Robinson, and Baker 1974, p. 4-3) 

' r d f  = geometry-roughness factor (anitless) 

CF 2 - 3 .  i = ground irradiation dose factor fcr nuclide i ,  rad d-' Ci-' r~ 

Ts = time sediment is exposed to contaminated water, d. 

The remaining parzmtters in Equations ( 8 )  and (S) were defined for the 
internal dose equation. For annual exposures, mcrl tiply the resulting dose 
rate by the number of days in a year (365). For Equation (9), TS would be 

! year or 365 days, sipce the release i s  over 1 year. The buildup o f  provioils 
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727 1 

r e l e a s e s  in  ' the sediment  i s  not i nc luded .  The geometry-roughness  f a c t o r  
mod i f i e s  the " i n f i n i t e  p l ane"  dose  f a c t o r  t o  account  f o r  t h e  h e i g h t  of the  
organism above t h e  s u r f a c e ,  t h e  r e l a t i v e  s i z e  of t h e  contaminated  a r e a ,  and 
t h e  roughness of  t h e  s u r f a c e ,  which causes  s c a t t e r i n g  of  t h e  photons emi t ted  
from the sediment s u r f a c e .  The exposure f r a c t i o n  i s  t h e  f r a c t i o n  of time the  
organism spends exposed t o  t h e  medium. 

For an organism such a s  i f i s h ,  which spends 100% of i t s  t ime immersed 
i n  wa te r ,  t h e  exposure f r a c t i o n  would be 1; f o r  a clam or  c r a y f i s h  l i v i n g  on 
the bottom, t h e  wa te r  exposure  geometry would be s i m i l a r  t o  t h a t  c f  t he  water  
s u r f a c e .  For ducks,  g e e s e ,  and o t h e r  s l i r f ace  swimming an ima l s ,  h a l f  of t he  
immersion dose may be used a s  an e s t i m a t e  of e x t e r n a l  dose .  I f  t h e  animal 
spends t ime on t h e  s h o r e ,  a f r a c t i o n  of t h e  sediment d o s e  may be inc luded .  
Th i s  f a c t o r  nay vary between one - fou r th  and o n e - h a l f ,  depending on the  h a b i t s  
o f  t h e  animal .  See Table  3 f o r  some t y p i c a l  exposure f r a c t i o n s  f o r  some 
Hanford animals .  The roughness  f a c t o r  i s  assumed t o  be 0 .2  - t he  normai 
shore-width  f a c t o r  f o r  humans s t and ing  on t h e  shore  of  a r i v e r .  

ExamDle Ca lcu la t ion  

As an example of  e s t i m a t i n g  t h e  e x t e r n a l  dose r a t e ,  c o n s i d e r  t h e  "CCI 
dose t o  a f i s h  and t o  a muskrat r c s i d i n g  in  and near  t h e  s u r f a c e  water  w i t h  
t h e  same c o n c e n t r a t i o n  of ,60Co a s  i n  t h e  prev ious  exanp le .  
assumed t o  feed on t h e  bottom 50% of the t ime.  The muskrat i s  a t y p i c a l  
Hanford muskrat t i i a t ,  a s  shown in  Table 3 ,  spends a , t h i r d  of i t s  t ime on the 
shore  and a t h i r d  t . o t a l l y  i m e r s e d  i n  t h e  wa te r .  

The f i s h  i s  

For these  c r e a t u r e s  t h e i r  e x t e r n a l  dose comes from both im .c r s ion  i n  t h e  
sur rounding  water  and d i r e c t  r a d i a t i o n  from sediment ,  so  we w i i l  f i r s t  c a l c u -  
l a t e  t h e s e  dose r a t e s ,  assuming exposure t o ' e a c h  medium f o r  the  e n t i r e  y e a r .  

For t h e  immersion dose  r a t e ,  we use  Equation (8) wi th  t h e  dose f a c t o r  
f o r  wa te r  immersion from Table  2 ,  c o r v e r t i n g  t h e  dose f a c t o r  of 28.2 mrad y- '  

DCi-' m3 t o  rad d- '  C i - !  m3 g i v e s  7 7 . 3 ,  t hen  

10 



= 4.9E-8 Ci m-3 x 77.3 rad d- '  Ci- '  m3 

= 3.8E-6 r a d  d- '  
R,Wer ,  

. (3.8E-8 Gy d - ' )  

- * - >  s ~ d i n ? n :  dose  r a t e  i s  e s t i m a t e d  from Equatior, ( 9 ) .  The dose  f a c t o r  i s  
7 l-,,iind ., . i n  Tab le  1 :  the va lue  
# : a s ?  f a c t o r  o f  227 mrad y" pCi- '  m2  t o  rad d- '  Ci- '  m2 g i v e s  622; thus 

f o r  A i s  3.6E-4 d- '  a s  b e f o r e .  Cocvert ing t h e  

- 4.9E-8 x 0.070 m d- '  x 0.2 x 1 x 622 r a d  d" C i - '  m3 
k: 11  - exp(-3.4E-4 d-' x 365 d ) ]  I/ (3.4E-4 d-!) 

= 1.4SE-4 rbd d - '  (1.45E-6 Gy d - i )  

SCC' 
R 

, .  
Y - W  :be t o t a l  e x t e r n a l  dcse  r a t p  f o r  t h e  f i s h  i s  made up o f  100% i m e r s i o n  and 

sedi-en:: 

2 .: . = 3 . 8 : - 5  r a d  d- '  t 0 . 5  x 1.45E-4 rad d'' 
= 7.6i-5 r a d  d - '  (7 .6E-7 Gy d-!) 

: 5,- 

- * +  !.??a! e r c e r n a l  dose  rz te  t s  t h e  muskrat i s  made u p  of  1/3 ifimersion ar;d 
: hediment: 

= 

7 

0 . 3  x 3.8E-6 rad  d- '  i 0 . 3  x 1.45E-4 r ad  d-! 
4 . 5 5 - 5  rad  d - '  (C.5E-7 Gy d - I )  

-.. > *. - 1 :  
? 

! i  
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APPENDIX A 

CRITRZ USEF.'S GUIDE 

SCOPE 

CR TR2 is a personal computer (PC) program used to estimate internal and 
externa dose rates to aquatic organisms from liquid releases of radioactive 
materia s to surface waters. Both primary organisms, such as fish, crustacea, 
and mollusks, and secondary organisms (those that prey upon the primary 
biota), such as aquatic birds and mamnals, are considered. 
rates from water immersion and sediment are considered. Radionuclide 
concentrations of the water in which the organism resides may be entered 
directly or may be estimated from a release source term and basic. water-body 
parameters using the models developed by Yasuo Onishi,(dl to be discussed in 
an NCRP report (in preparation). Screening models for rivers, estuaries, 
lakes, and coastal waters are supported. Far applications of this program to 
Hanford facilities, the authors suggest that the source term be entered as 
concentrations of the radionuclides in the waters immediately surroundins the 

External dose 

primary organisms an3 that no di1ut:lon screening model be chosen. 
! W f R  screening model for Hanford releases may result in an overly conserva- 
tive estimate for the doses. 

Input to the program is by generic files containing data that are 

Use of the 

usually the same from site to site. File setup, source terns, and site- 
specific data are entered into an ASCII text file by the I:;er. 
a text file that may be edited and printed. 

Output is to 

INPUT 

Comqand Line 

The command line consists of input of the name of the file containing 
case-specific parameter values supplied by the user. 
or "USR" file, contains the setup and parameter values required to run the 
program. 

This file. called a user 

For example, for the SAMPLE.USR file the c o m a n d  line would be 

(a) Personal communication 

A.. 1 
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>iI?!TR SAMPLE 

The USR file must be prepared prior to running the program. 
files have been included as examples 2r.d templates. One is a long version 
called SAMPLE.USR, which contains numerous commen'is and examples of various 
dilution model parameters. The other is a minimal version called SHORT.USR 
with just the parameters needed fc. the sample problem. This latter version 
of the USR f i l e  i s  recommended for running Hanford cases. 

Files 

Two typical USR 

The input files required by the program are 

USERF I L E  
B!OF I LE File containing elemental bioaccumul at ion factors, 

ENERGYFILE File containing half-lives, energies for various 

USR file for setup and parameter input 

biological half-lives, and uptake fractions 

radii, and external dose rate factors. 

Ihe L'SR file (USERFILE) i s  the primary method for the user to input 
case-specific data to the program. 
character file name compatible with DOS standards. 
may be used as 3 template' for other applications. 
been used as the basis for this template. 
with the  symbols ' or 1 may be eliminated to produce a more compact file, bur 
they serve as documentation as well as definitions of all the parameters 
i nvo l  ved. 

The nane of this file may be any eight-' 
The example file included 

The example problem has 
The comments appended to t h e  file 

The general format of the user file consists of a header, data blocks, 
and c o m e n t r  dispersed as neer!?d for documentation and supplemental informa- 
tion. The data are divided into four blocks: SETUP, SOURCE, DILUTION, and 
CRITR. These names should always be used, although case is not important. 
Each block starts with the word BEGIH and ends with END. The SETUP block 
contains the title of the output file, the file specifications of the input 
and output files, the request for the optional quality assurance ( Q A )  print- 
out, the output units for dose rates, and the buildup time for sediment. The 
SOURCE block contains the nuclide synbols, release rates (or concentra:ions). 

A . 2  



: : f : : t ~ .  a n d  r e c i r c u l a t i o n  fac tof  :(if appl 
i 7 r P r e s t .  A m a x i m u m  o f  20 r a d i o n u c l i d e s  
::cn?r-ic d a t a  f i  

:.;nr~ins the w a  
; a : c g l a t e  d i l t i t  
yh:? C R I T R  block 

c a b l e )  of any of  t h e  nuc l ides  o f  
may be e n t e r e d  a t  one time ( s e e  

E S  i n  Appendix 8 f o r  those  s u p p o r t e d ) .  The D I L U T I C N  block 
e r -body  model of concern and t h e  parameters  requi r?d  t o  
on i n  the body of water  s e l e c t e d  a long  wi th  a p p r o p r i a t e  u n  
c o n t a i n s  d a t a  a p p l i c a b l e  t o  the organisms involved.  T h f  

t s .  

i?forrna!ion o r  parameter  v a l u e s  a r e  en te red  i n  f r ee - fo rm s t y l e  (no d e f i n i t e  
c s i m n b  t o  s t a r t  and end)  w i t h  e i t h e r  c o m a s  o r  spaces  a s  d e l i m i t e r s .  Thus,  
r a ~ h  parameter  must c o n t a i n  no spaces .  For parameters  wi th  dimensions,  t h e  
.:- ,... 1 ; . s  + - must be p laced  a f t e r  them. The accep tab le  u n i t s  a r e  g iven  a t  t h e  end of  
:?;e f i l e  i n  a cwment  s e c t i o n .  Case i s  not  c r i t i c a l ,  so u n i t s  and key ph rases  
aa ,  SP e z t e r e d  i n  bo th  upper ,  lower,  o r  mixed c a s e  a s  d e s i r e d .  Comen t s  may 
52 i n d i c a t e d  by any of f o u r  symbols: ' o r  I a s  i n  t h e  example o r  ! o r  ( .  

Ey us ing  a b lock  s t r u c t u r e ,  once a use r  f i l e  i s  c r e a t e d  (us ing  one of  
!r:z sanp le  f i l e s  a s  a t e m p l a t e ) ,  va lues  t h a t  need r e v i s i o n  may more e a s i l y  be 
. round -.. aild changed.  The o r d e r  of  t h e  d a t a  l i n e s  and blocks i n  t h e  f i l e  i s  not. 
L r i t i c a l  excep t  for t h e  CRITR block ,  which must appear  a s  shown i n  t h e  san??le 
f i ! e s .  
h8hcr-e t h e  d a t a  t o  be e n t e r e d  i n t o  the f i l e  a r e  i n d i c z t e d  by bold i t a l i c s :  

The d e s c r i p t i o n s  and d e f i n i t i o n s  of  t he  parameters  a r e  a s  fo l lows ,  

SET53 block T h i s  block i s  used t o  i n d i c a t e  t h e  name and wnere ?he v a r i o u s  
i n p c t  and ou tpu t  f i l e s  a r e  s t o r e d  i f  you dec ide  t g  keep them 
i n  a s e p a r a t e  d i r e c t o r y .  I f  t h e s e  a r e  l e f t  o u t ,  d e f a u l t  
f i l e s  a r e  assumed t o  be on t h e  d e f a u l t  d i r e c t o r y  { c u r r e n t  
d i r e c t o r y ) .  

T!TLE Any s t r i n g  o f  c h a r a c t e r s  up t o  80 columns r i d s  i a f i  be 
e n t e r e d  here  t o  provide  a t i t l e  t o  t h e  r u n  t h a t  w i l l  
appear  i n  the ou tpu t  f i l e .  

E!C?FILE Ccmpl e t e  f i l e  s p e c i f i c a t i o n  of  t h e  b i o a c c m u l  a t  ion 
f a c t o r  f i l e .  I f  l e f t  b l ank ,  t h e  d e f a u l t  f i l e  named 
"CRIT8IOH.DAT" i s  searched  f o r  i n  t h e  c u r r m ?  
s u b d i r e c t o r y .  I f  i t  i s  n o t  found,  t h e  prcigrarn prompts 
f o r  a f i l e  s p e c i f i c a t i o n  ( d r i v e ,  s u b d i r e c t z r y ,  an3 
name). 

A . 3  



727 1 
E N E R G Y  F I L E  Complete f i l e  s p e c i f i c a t i o n  of t h e  dose  r a t e  f a c t o r  

f i l e .  I f  t h i s  l i n e  i s  l e f t  b l ank ,  t h e  d e f a u l t  f i l e  
named " D F E X T . D A T "  i s  searched f o r  i n  t h e  c u r r e n t  
subd i rec to ry .  I f  i t  i s  no t  found, t h e  program prompts 

OUTF I L E  

QAPR I NT 

f o r  a f 

F i l e  ho 
i s  l e f t  
c v r r e n t  

Op t  i ona 

OUTUNITS 

T B  

SOURCE bl oc k 

D I  LUT I O N  bl ock 

MODEL 

SAL I t i  I T Y  

l e  s p e c i f i c a t i o n .  

d ing  t h e  summary r e s u l t  t a b l e s .  
blank,  t h i s  f i l e  w i l l  be c r e a t e d  
d i r e c t o r y  wi th  t h e  name "DEFAULT 

p r i n t o u t  of r e s u l t s  o f  intermed 

I f  t h i s  l i n e  
in t h e  
0'37. I' 

a t e  
c a l c u l a t i o n s .  
p r i n t o u t .  I f  l e f t  blank o r  FALSE i s  e n t e r e d ,  no QA 
p r i n t o u t  w i l l  be c r e a t e d .  

Enter ing  TRUE here w i l l  s e l e c t  t h e  

Uni t s  f o r  t h e  doses  a r e  s e l e c t e d :  
( d e f a u l t ) ,  #RBD/Y f o r  mrad/year, RAD/Y,  and RAD/D. 

Time of  r ad ionuc l ide  bui ldup i n  sed iment .  Here a 
va lue  and u n i t  symbol i s  used. For example, 30 y .  

Gy/D f o r  gray/day 

This  block c o n t a i n s  t h e  symbols of  t h e  n u c l i d e s  involved i n  
t h e  c a l c u l a t i o n .  
ep te red  with i t s  u n i t ;  however, when no d i l u t i o n  model i s  
s e l e c t e d  ( s e e  below) t h e  source  term va lues  must 5e i n  u n i t s  
.3f concen t r a t ion .  
when a p p l i c a b l e .  A D o r  blank f o r  t h i s  f a c t o r  w i l l  r u n  t h e  
i n t e r n a l  d e f a u l t  va lue  of 1 .  Values f o r  r e l e a s e  nay be 
en te red  in  a lmost  any convenient  [!nit ( s e e  t h e  bcttcm o f  t h e  
sample user  f i l e ) .  
dash between element symbol and mass number o r  no space  
between these  symbols. 

This  block con ta ins  t h e  parameters  used t o  c a l c u l a t e  t h e  
d i i u t i o n  f a c t o r  f o r  a p a r t i c u l a r  water  body in  w h i c h  t he  
organism r e s i d e s .  D i l u t i o n s  f o r  each of  t h e  wote t  body typos  
a r e  c a l c u l a t e d  using a d i f f e r e n t  model. 
model s e l e c t e d ,  not a l l  parameters  may SP used i n  sone 
c a l c u l a t i o n s .  
ca ses  would be t h e  HODEL and S A L I N I T Y  parameters :  
r e s p e c t i v e l y .  

The r e l e a s e  r a t e  o r  concen t r a t ion  may be 

A r e c i r c u l a t i o n  f e c t o r  may a l s o  be en te red  

Nuclide symbols may be en te red  w i t h  a 

Depending ~ f i  t h e  

The only parameters  necessa ry  t o  r u n  Hanford 
N and F 

Type of water  body under c o n s i d e r a t i o n :  

RIVER,  EflUARY, COASTAL, LAKE, o r  j u s t  R, E ,  C ,  or 
1 .  
I f  no model i s  d e s i r e d  (Hanford c a s e ) .  e n t e r  NONE 
o r  N and e n t e r  c o n c e n t r a t i o n s  i n  t h e  SOrJRCE blcck 
t h a t  a r e  t y p i c a l  of  t h e  organism h a b i t a t .  

F l a g  des jgna t ing  whether t h e  wa te r  body i s  p r i m a r i l y  
f r e s h  o r  marine: FRESH, S A L T ,  o r  j u s t  F GT 5 .  

A .  4 
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PIPE-FLOW 

NEAR/FARS IDE 

RIVER-FLOW 

WIDTH 

DEPTH 

EBB-FLOW 

FLOOD-FLOW 

TIDAL-PERIOD 

COASTAL-CURRENT 

LAKE-VOL 

NET - FLOW 

A f t e r  t h e  s a l i n i t y  f l a g ,  a f l a g  i s  r equ i r ed  t o  
d e s i g n a t e  whether o r  not  a c o r r e c t i o n  f a c t o r  i s  
d e s i r e d  t o  c o r r e c t  t h e  s t a b l e  element bioaccumulat ion 
f a c t o r s  of  t h e  t a b l e s  f o r  s h o r t - l i v e d  nuc l ides  
(’< 1 y r ) .  I f  d e s i r e d ,  e n t e r  YES; i f  no t  (usua l  c a s e )  
l eave  blank o r  e n t e r  NO. 

Volume flow r a t e  f o r  t h e  e f f l u e n t  e n t e r i n g  t h e  wzter  
body - t h e  o u t f a l l  f low.  

Designator  f o r  where t h e  r e c e p t o r  i s  wi th  r e s p e c t  t o  
t h e  source  f o r  r i v e r  and e s t u a r i n e  s i t e s :  

fl f o r  near and F f o r  f a r  sho re .  

Volume flow r a t e  of t h e  r i v e r  o r  f r e sh -wa te r  cozponent 
of an e s t u a r y .  

Width of t h e  r i v e r  o r  e s t u a r y  a t  t h e  o u t f a l l .  

Depth o f  t h e  water body. 

Average flow of t h e  ebb t i d e  f o r  an e s t u a r i n e  s i t e .  

Average flow of t h e  f lood  t i d e  f o r  an e s t u a r i n e  s i t e .  

Per iod f o r  one t i d a l  c y c l e .  

Current  v e l o c i t y  a long c o a s t  f o r  c o a s t a l  s i t e .  

Volume of l a k e  f o r  l a k e  s i t e s .  
than  ]Ell m’., t he  l a k e  i s  cons ide red  small and  an 
a l t e r n a t e  model i s  used in  t h e  c a l c u l a t i o n .  

I f  t h e  volume i s  l e s s  

!nflow minus out f low f o r  l a k e  s i t e .  

f!?iTR block Th i s  b lock  c o n t a i n s  t h e  types .  and names o f  the a q u a t i c  
organisms cons idered  by the program in  o r d e r ,  fol lowed by 
pathway r e l a t e d  parameters .  The fo l lowing  f i e l d s  a r e  denoted 
by wcrds X ,  USAGES, e t c . ,  t h a t  a r e  exp lana to ry  only - not  key 
words. 
t hus  i s  no t  used by the program. A maximum of n ine  organisms 
may be cons jdered .  

Note t h e  l i n e  con ta in ing  them i s  a comment l i n e  and 

X Dis tance  frcm t h e  sou rce  t o . t h e  r e c e p t o r .  

DILUTION Optional  d i r e c t  i npu t  of d i l u t i o n  f a c t o r s .  For n o s t  
a p p l i c a t i o n s  these  f a c t o r s  should be e n t e r e d  a s  
un i ty :  1 .  Howsvrr, when a s p e c i f i e d  n e a r - f i e l d  
d i l u t i o n  va lue  i s  p e r t i n e n t ,  then  t h e  d i l u t i o n  a t  t h e  
end of an o u t f a l l  p ipe  i s  fourid by us ing  t h e  n c d r l ,  

A .  5 
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MASS 

RAD 1 US 

DIET 

and these dilution factors are appiied to reduce the 
concentration to .3, . 1 ,  etc. of the dilution-flow 
concentration. 

Hass of the organism. 

Effective radius of the organism. 

Primary organism that makes up the diet of the 
secondary organism: P M ,  F ISH,  CRUSTACEAN, or 
MLLUSK. Only the first letter of the name is 
significant to the program. 

INTAKE RATE Intake rates for secondary organi sms. 

SED I MEN1 Fraction of time exposed to sediment. 

IMMERSION Fraction of time imersed in water. 

SURFACE Fraction of time floating on the surface of the water. 

ROUGHNESS Geometry-roughness factor. 

The other two files contain generic values for the various parameters. 
The BIOFILE contains data shown in Table 1 (in the main report); the 
ENERGYFILE contains the data of Table 2 (in the main report). 
will usually not need to be changed by the user. However, if site-specific 
data are available, they may be used by editing these files using ar: ASCII 
text editor. The spacing of the values i s  not critical, because spaces are 
used to delirnit the values and not column nunhers. Be sure, however, that at 
least one space remains between data values. When changing any valce, always 
gi-te the new file a different name. 
separate directory or disk for safety. 
be entered in the SETUP section of the user file beside the applicable file 
type: BIOFILE or ENERGYFILE. Note that comments may be entered into these 
files in the same manner as in the user file. These may be used freely for 
dorumentation p u r p o s e s .  Listifigs of these generic data files are iccluded. 

These files 

Keep the original file backed up in a 
The new revised file name then should 
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OUT PUT 

Files 

OUTF I L E  File containing site-specific input parameters and 
calculated dose rates. 

The output file for the sample problem is included as an example in 
Appendix B.  
nuclide for internal, imersion, and sediment doses. Surface swimming dose 
rates are included in the imersion rates. If a water dilution model is 
selected, the parameters specified in the user file are output first. Next 
the organisn parameters are output, and finally a table of half-lives, release 
rates, and water concentrations for each organism by nuclide are output. 

Dose rates (units selectable) are given for each organism and 

Printer 

The output file may be copied to the printer. See below for optional QA 

printout. 

DISPLAY 

The progress o f  the program is indicated on the monitor. 
monochrome o r  VGA display may be used. Common errors of input are displayed 
on the screen and remedies are suggested. 
and will let the program proceed; others are termed "Fatal" and will end the 
program. 
reasonable range. 
display a warning message and proceed. 

Either a 

Some errors are called "Warning" 

Input data from the USR file is checked on input to be within a 
If the data are outside this range, the mooitor will 

&CHECKING 

For the printing o f  various intermediate values in the calculations, an 
optional flag may be set to TRUE in the USR file SETUP block next to the 
keyword QAPR!t.IT. 
the printer. 
and i t  is ready. 

Various paraceters and intermediate values will be sent to 
If this option is selected, be sure you have a printer connected 
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SYSTEM REOUIREMENTS 

The program may be run on an IBM PC or compatible computer with a 
minimum o f  180 KBytes o f  application memory. 
IBM-DOS or MS-DOS operating system (Version 3,Or higher) is required. 
printer capable o f  printing at least a 132-character line (17 cpi) is also 
required; otherwise, output lines will be folded. 

A coprocessor is optional. 
A 

The 
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APPENDIX B 

INPUT F I I E S  AND SAMPLE PROBLEM FOR CRITR2 

This Appendix includes the listings of the input files and a sample 
problem. 
reference and for use as templates in user applications. 
of CO-60 is the same as that in the text example. 
from the SAMPLE.USR file is included along with a printout of the quality 
assurance output. 
a l s o  included. 

Both a long and short form of the USR file are included for 
The concentration 

The output file for the run 

The generic input data files CRITBIOH.DAT and DFEXT.DAT are 

oaoQp34 
B. 1 



SU(PLE.USP 

SAMPLE.USR I h i s  i s  the Mr&r .. I t  r i l l  br wtprf t o  the output file 

I n f o r m r t i o n  can be placed here h i n d  €me of  the fWr c-t S ~ l r  suoportcd: 
I ' i o r (  

, 
1 I h i s  l i n e  i s  a l s o  b c-t line and 
( so i s  t h i s .  B l a n k  l i w s  a r r  alland. 

Ccmnntr can a lso  start afttr data.  * This uould bc a ccmnnl 

L K h  o f  t h e  blocks i s  e 19 of keyword. which win each dJta Iin .nd denote 
the p r r r t e r :  mat i s  the v r l u  of the p.r.rrtrr or s u i t a b l r  f l a g  setting. 
The f l r s t  t h r n  l a c t a r s  of  the trvvord are c m t r o l l i w .  
The progrr u1LI d i s p l a y  a r r a -  for uly t w r d  i t  does not .cc.pt .  
p.r.l*teri rquiring m i l s  are f o l l o w d  b, a t  least w 1p.c. .nd a tmlt a-I. 
ACC*~&IU s w l r  are  f o u d  a t  the  .nd of th is  f l l e .  
s q r s c r i p 1 . d -  

P o l r s  of mit i  a re  not 
l h u  the #-I f o r  the wol- in c d c  mters  mould b J. 

I.___...__.____._.____.._.___.___.._.____....----..._..._...-.---..---..-.--.-. 

BEGIN SETW 

1 This i s  the SEIW block c m t a i n i n q  rtm t i t l e .  irwut f i l e  s p e s .  
I 01 printwt f l a p ,  output miti, ud ~ r d i ~ t  builm ti-. The k q  rard., 
I TilLE. 81Ofl~t. etc . .  ~t b entered as sh0u-I; case. h w v e r .  i s  oot iaul .  

T I T L E  s r p l e  problm u s i n g  low f o y t .  
BlOfILE CRIlIIOW.DAf E l . r r n t - d e p e d m t  f i l e  f o r  b i - c w l a t i o n  fac to rs  
E N E 1 G Y I I L E  D f E X T . D A 1  
WTFILE SWPLL.WT ' n.l* of wtpt f l l e  u i t h  destirutim s p e c i f i c a t i o n  
O A P R l Y l  fALSE ' f l a p  for ~ t i a u l  p r i n t i n g  of i n t r r a e i a t a  v a l u s :  1RUE = yes:  FALSE ( o r  b l a o k l  = no. 
W l U Y I l S  R A D I O  ' Dole r a t e  mits: Gyld r d / d  r d / y  r d l y  

' wuclio--t f i l e  for h a l f - t i - ,  w r p i c r ,  and dose f a c t o r s  

For the 5 1  miri c a r m t r a t i a  are outpt  as WJ, or else they  a r e  
output as C i l d .  

18 1 T I S e d i s m t  builap r im  ud mil. S r e  below t o r  acceptabl: mit 6er ignators .  
EYD SETUP 

B E t l U  WRCE 

' The SYJRCE block conta ins  the source term m t e r . d  as e i t h e r  re lease r a t e  o r  c o n c m t r a t i o n .  
* I h t  program f igures  Out rhich f r r n  the miti. I f  a r c c i r c u l r t i m  factor i s  pertlnmt, i t  m y  be entered. 
' Ocheruise enter 1. Y u c l i b  r m l s  m8y i n c l h  the dash or not, but m sp0C.I are a l l -  b.1- 
' the elcatnt .nj wmw. 
* w-der, If the dilution &I i s  mt urd. relrmie v a l w s  IMC be ntrred as c m c m t r a r i w .  

' co-so 69 g i / L  1 ' Mote 5- as -10 probla in  t e x t .  
RELEASE RLCIRCULAllCN 

9 - 9 0  700 g i / L  1 
2n.65 3 gi/l 1 
Ru. 106 11  pCi;L 1 
S B l Z S  L3 g i / L  ! 

EMS %PCE 

B E G I N  31LUllOI( 

* In :nis b lock  the parmeters  for  d i l u l i m  are  entered. Models for  f o u r  r a t e r  bodies are supported: 

0 f o r  no f u r t h e r  d i lut ion enter  -E or N for -1.  Then no o ther  parrrrteri except those s p e c i f i e d  
' in t h e  S A L I Y I T V  l i n e  are neded. 
0 P a r m u t e r s  not use 3y a udel are  ignored. 
' 
' s p e c i f i e d  for tha t  bcdy. Thus, for a River the p.raartcrs f o r  Lake end Coastal m y  be deleted. 
' ( I f  they are l e f t  in t h r  f i l e ,  they r i l l  s i n p l y  be ignor rd- -  m l e s s .  o t  c w r s e ,  e m x & l  of 
* another m t e r  bas, i s  r w i r d .  
' the paremeter valuer g i v m  belou for dilution c a l c u l a t i a s  a re  for  e x r p l e  only. 

River ,  E s t u a r y .  Coastal. and Lake. 

Yote :hac a l l  wate'r Mi- r w i r e  the  c- p . r j a r t e r s ,  Dut nmd only ?hose parmeters 

Caution: 
The user uust s ~ p p l y  p a r m r t r  values for h i s  specific case. 

W E L  UWE ' Also RIVER. ESlUARY. CDISTAL. LAKE ( o r  Y, 9 ,  E ,  C, L )  . 
SALIUI I T  F R E S H  Yo Water salinity:.FRESH or S A L T  (or  F ,  5 )  and b i o a c c w l a t i o n  

' c o r r e c t i o n  t o r  s h o r t - l i v e d  w l i d c s  ( Y e s .  Yo) 

I _ _ _ _ _ _ _ _  c - p a r m c t e r s  ' Parmeters  used f o r  a l l  w t e r  b o d i t s  

PtPC-FlSi BOO C f S  ' i l o r  f r c n  outfall i n to  uater body 
DEPlM s r  o Average atom of r a t e r  b a y  

i - - . . . . - -  River 6 istus;y 

Y E A R / f A P S : D i  )i ' F l a g  to i nd ica te  loca t ion  of receptor r e l a t i v e  t o  ourtali: 
M e a r s i e r  = Y ;  f a r s i d t  = I 

ill VER-F L 9 J  28iS M S / S  * VOILE#? flou r a r e  af  r i v e r ;  f r e s h - r a t e r  f l o u  o f  estuary 
Y ! O l 3  IO0 H ' u i a t n  of r i v e r  or e s t w r y  

8.2 
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SA#PLE.iJSR Monday, 1992 J w  8 7.53 
r i l e  Created: f r l day ,  lW2 MJY 22 8.11 

Page 2 

I......... E s t w r y  ' Addi:ional parameters fo r  estuaries 

E B B - F L N  2 m f r  ' llcu speed of :he e t 4  t i d e  
'LOCO-FLOW 2 n/r * flow meed of  the l loed t i d e  
I::AL_PER~CO 1 2 . 5  h 8 Tidal pertod 

I......... L a k e  or rese rvo i r  

LAKE VOL 1000 m3 I VOIM o f  l a t e  or reservo i r  
NE~-~LLN 10 C f l  0 #et  volum flow r a t e  

I.-.--.--. Coastal for O c e m  L Large L a t w  

CMSTAL-WUUENT 0.1 a J 1  I Currmt s p e d  alorq coast 

EYD Dlll71oy 

BEGIN C R I T R  

' This block c m t a l n r  the p.r .nter  v a l w a  d n c r i b l n g  the organisas o! i n te r - t .  Note that mly spaces are 
' rcgrired betwen p r a t e r s .  Were m i t s  are rewired, 1h.y a u t  b. enter&. ' - 
* ca l cu \a ted  i s  t ha t  of the d i l u t i m  f l a  d M eatra n a r - f i e l d  dilution my b. epplicabtc. uote that  these 
* d i l u r i o r m  are a i l i n g  rrrior ud are 0 d or * 1 .  In uat cmses. honucr.  t h i s  d i l u t i o n  v a l w  should b. s e t  to 1 .  
* Yhm no di lut ion e l  i s  selected, X i s  nor rad, so i t  w y  k y v a t u .  
I 

~ y p o  urd N.PI w c  b. QY uord. X i s  d i i t u u e  frco outfall frsqmnted by organism. 
C J I C U L ~ ~ C ~  us ing QI of  the  d t s  m y  !x entered for ewh organism srguratcly. 

Oilutioru in excess o t  t h i t  
This i s  useful wen the di lur im 

Typical values fo r  the r m i n i n g  p.r.ntrrs m y  tm fd in Table 3.  of the r . p o r c .  

Primnry 
P 

*PI X Dilution W M l  Rdiw Die t  I n t Jke  Pate S & i m t  I m r S i C i 7  SurfJCe R w h n b s S  

.s I 0 .z 
1 9 1 . 2  

Fish 1 M  1 
c r a w a d  I Y 1 

l u t k - P  1 M  1 1 t 9  5 cm PLANT 100 p/d . 2  . 3  .5  .z 
Dutk-F 1 M  I I t g  5 cm f l W  200 g/d .2 .J .5 .z 
H W D n  I M  1 L . 6  t g  IO cm f lSH 600 gld  .3 0 . 3  .z 
tIusk:Tlt  1 M  1 1 kg 6 on PLWT 100 g l d  . 3  .J 0 . 2  
PcC0n-c 1 M  1 9 t g  10 cm CRUS 800 9/d . 2  0 0 .2 
ncooo- f I *  1 9 t g  10 cm FISH 800 g l d  . 2  0 J .z 

. -  5 e p  - 
2 m  - 

. .  . -  - .  
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swou 1 ;us# MWW, 1wz JW a 7 .52  
f i l e  C r e o t d :  twsday, lVV2 Moy 19 V . 5 V  

SROPI.USU l h i s  i s  the rniniwun version of tha 1-1. user f i l e  
use as t- lote for wanford Cases. 

BfOlU SEIUP 
I l l L f  SenOle problem usinq ShOrC fornur. 
BIOflLE CUInBIOH.DA1 
EUERGYflLE O f E X T . D A 1  
WTf I L E  S H C U l  . Q I T  
O*PRIIT ’ NO OA p r i n t o u t  1 o I K t d  
QlIWITS P A D l O  
T I  1 I 

E t a  SLTUP 

I E C I N  SOJUCf 
co-60 49 pci/l 1 
Sr-90 Too PCIIL 1 
2n-65 3 p c l l L  1 -  
Ru- 106 11 pCilL 1 
S l l Z S  4 s  p c I / L  1 

E r n  SOJRCE 

B L C l Y  OILUTIOI 
WtL N 
SAL I N 1  11 f I  
Em DlLUTtOy 

B L G l Y  CRllR 
I lyp. N- X Dilution Nan$ R a d i u s  O i a t  Intoke Pate S r d i n n t  I m o r s i o n  Surfmc. Roqhms 

P f i s h  1 M  1 - .  s u n  . . .  .I * l? .z 
5 O w k - P  1 M  1 1 k9 S u n  3 100 g/d . 2  . 3  .5  .z 

1 kg S c m  r 200 9/d .Z . 3  . J  .z 
5 nsron 1 H  1 i . 6  k9 10 m i 600 g/d .3  0 . 3  .2 
5 Muskrot 1 H 1 1 k9 6 cm P 100 9 ld  .3  . 3  0 .z 

0 .2  9 k9 10 cm C 800 9/d .z 0 
S RcOon-f 1 H  1 V k9 10 cm c 800 g/d .z  0 0 .2  

P C r M  1 M  1 . .  2 0 4  - ~. 1 i 1 .z 
5 Duck-f 1 H  1 

5 R e m - C  1 H 1 

E N 0  CRlTR 

EOf __.__._..._-._...- End of  F i l e  _____.._.__.-.--_-._---.._--.-.-_-..-- 
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7271 
SAMPLt .W1 Monday 1W2 J u r  8 7.58 . Psqe 1 

F i l e  c r c r r e i :  i c d y ,  1 ~ 2  IVY II 7.57 

GI1 f i l e  y a m :  %!LL.CUT Crcared: 07:57  OB~JUY.92 Paqe 1 

VSR f i l e  N m a  an4 Header: 5AWPLE.USR SAHPLE.USR l h i s  i s  the Header - -  I t  u i l l  bc Ourput t o  rhe o u t p t  f i l e  

ve rs ion  o f  Pr0qr.a us&: V 1.0 of 19.May.92 

to-bo ..- 3.61-06 1.X-03 L.SL-Ob 3.m-06 3.2E-04 5.1E-04 1.X-03 2.2E-04 
SR-$0 ... 2.m-03 L.lE-OS 1.3E*00 6.U-02 2.M-02 1.SE.00 3.M-02 1 .R-02  
LY-65 ... 8 .X-07  5.R-OS 2.61-03 1.n-m Z.CE-05 3.lE-OJ 2.1E.03 1 . G - O S  
RU-106 -.- 8.X-05 2.LE-04 6.SE-OS 8.5E-06 5.n-06 8.5E-05 1.2E-05 3 . e - 0 6  
so-125 - - -  6.M-05 2.5L-OS 1 .X-06  7.#-0¶ 6.2Z-OS 1.W-06 2.1E-05 L.2E-05 

CO- 60 _ _ -  7 . X - 0 5  1.4E.Ob 2.S-OS 2.5%-OS L.X-05 4 . X - O S  2.9L-05 2 . X - 0 5  
511-90 _ - -  O . O E 4  0 .0€40  O.OE*OO O.OE*OO S . Q *  O.OE-00 O.OE*OO O.OE*OO 
21-65 _ _ _  ? . I € -07  1.LE-06 2 . S - 0 7  2 .S -07  C.U-07 L.3E.07 2 . S - 0 7  2 . S - 0 7  

S8-12s - - -  1.2E-05 2 . X - 0 5  4 .E-06  5.E-06 7.OE-06 7 . O E - 0 6  L.7E.W L . 7 E - 0 6  

:orals . . - - - - - >  8 . S E - O S  1.R.W ).LE-OS ).LE-OS S.1E-OS S.1E-05 3 . G - O S  ).‘.E-OS 

Ru-106 - - -  O.OC+OO O.OE*OO 0 .0~400  O.OL+SO o.o(-oo O.Q-OO O.OE+CO O.OE-OO 

Srand 1o:aIs )))D, 2.6E-03 5.9E-03 1.X-00 4 . E - 0 2  2 . E - 0 2  1 . X - G O  &.,?E-02 1.96-02 
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W l  f i l e  M m :  SWLE.Wl Created: 07:Si 08-JUW-92 

uSR f i l e  Y a m :  SAMPLE.USO 

v e r s i o n  o f  Propren used: V 1.0  of 19-May-92 

9 i r n t r r s  rd Yarer C o n c m t r a t l a  

Yo d l l u t l m  mdrl used. 

B l o a c c w l a t i a n  l a c t o r s  t o r :  IrnJ!  no b l o w n u l a l l m  fac tor  c o r r a c t l w  uld. 

h1 .u .  Rltf.11 
C o n c m t r e t i o n  risn CIAWID m - 9  W-I ntm -RAT u c m - c  a c m - r  

O l ~ t N X e  (a) 
mialng I a c l o  .----- 
R.dlUc (Q) ----.-- 
Mass ( t o )  - - - - - - - - -  
Intake rate ( o l d )  - Dirt .___.---.-.-.. 

.. .. 1.0 1.0 4.6 1.0 9.0 9.0 - _  -. loo KK) 600 loo 800 800 .. .. UT ~ I S M  i i s n  PW: CRUS rim 
T r m s i t  Tim (h) - -  0 0 0 0 0 0 0 0 

Water C m n t r a t i w  , C D.EW b r i n g  trunit  inC1ud.d > 
". L. -.c(,y. .................................. C f / d  o r  &I,* ._-.--..._._-...-.__.-....--. 

2U-65 243.9 0 .-. 5.z-09 S.E-09 1.m-09 s.m-09 3.M-09 S . O L - 0 9  Lot-09 S.OE-09  S.0E-G-9 

CO-60 5.271 I .-- 4.N-08 4.R-M 4.R-M 4 .R-M 4 . R - M  4.9€-M 4 . e - 0 8  6.W-08 4.R-U 
SR-90 29-12 Y .-- 7 .E-07  7.02-07 7.m-07 7.m-07 7.E-07 7 .E -07  7.Q-07 7 . X - 0 7  7.E-57 

RU-!06 368.2 D --. 1 . l t -08  1.lE-08 1.lE-06 l.1E-M 1.1f -08  1.lE-08 1.1E-M 1.1f .M 1.1E-M 
Sr.125 2 . n  Y ..- 4.Y-08 4 . X - 0 8  4 . X - 0 8  4 . X - 0 8  4.U-M 4 . X - M  4 . X - 0 8  4 . X - 0 8  4 . X - ' 2 8  

Note: lntrnul dose r a t n  are ICRP-2 d~ole-kdy Q.n. 
E x t e r r u l  dose r a t n  a r e  barad m h u n  e f f e c t i v e  d w e  r a t a  as p i v n  in DoZ/En-OOm. 
I r m a i t  110.s i a a d  zero r+lm d i l u t i o n  l o d . 1  s r l . c t r d  as W E .  
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C R I 1 R  OA P r l n t w t  .-. User f i l e :  SAHPLE.USR U r n  O f :  08:OZ 08-JUY-92 

NO D i l u t i o n  *&I  u s d .  
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