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The U.S. Department of Energy recently published an interim dose limit
of 1 rad d! for contralling the radiation ~xposure of native aquatic
organisms. A conputer program named CRITR, developed previously for calcu-
lating radiation doses to aquatic organisms and their predators, has been
updated as an activity of the Hanford Site Surface Environmental Surveillance
Project to facilitate demonstration of compliance with this limit. This
report presents the revised models and the updated compuier program, CRITRZ,
for the assessment of radiological doses to aquatic organisms and their
predators; tables of the required input parameters are also provided. Both
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 CRITR2. Concentrations of radionuclides in the water to
which the organisms are exposed may be entered directly into the user-input
file or may be calculated from a scurce term and standard dilution models
developed for the National Council on Radiation Protection and Measurements.
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INTRODUCTION

Pathways of exposure associated with liquid effluents 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. The U.S. Department of Energy (DOE)
recently published an interim dose limit of 1 rad d”' for controliing the
radiation exposure of native animal aquatic organisms (DQE Order 5400.5
[19903). A computer program named CRITR, previously developed for calculating
radiation doses to aquatic organisms and their predators (Soldat, Robinson,
and Baker 1974; NCRP 1991), has been updated as an activity of the Hanford
Site Surface Environmental Surveillance Project to facilitate demonstration of
compliance with this limit. For purposes of calculating concentrations of
radionuclides in aquatic organisms, the organisms can be divided into two
classifications: “primary aquatic organisms," those for which element-
specific ratios between concentrations in the water envircnment and the
organism are available, and "secondary organisms," which feed upon primary
organisms.

This report presents the revised models and the updated computer pro-
gram, CPITRZ2, for the assessment of radiological doses to aquatic organisms
and their predators§ tables of the required input are also provided.. The
first section of the report describes the equations for calculating internal
doses for primary and secondary organisms and presents a sample calculation.
The next section describes the equations and methedology for calculating
external doses tc these two classes of organisms and also includes an example
calculation. Appendix A is a user’'s guide that describes the CRITR2 program.
Both internal and external doses to fish, crustacea, mollusks, and algae, as
well as organisms subsisting on them, such as muskrats, raccoons, and ducks,
may be estimated using CRITRZ. Concentrations of radionuclides in the water
to which the organisms are exposed may be entered directly into the user input
file or may be calculated from 31 source term and standard dilution models
being developed for the National Council of Radiation Protecticn and Measure-

ments. Appendix B contains the inpul files and a sample problem.
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INTERNAL DOSE

Radionuclide concentrations in primary organisms can be calculated

directly from the water concentrations and bioaccumulation factors. The

Toints ¢

primary organisms considered are fish, crustacea, mollusks, and plants.

Sk

§E

Radionuclide concentrations for secondary organisms can be calculated from
their diet of primary organisms. Representative secondary birds and mammals
were selected such that each primary organism would be in the diet of at least
one secondary organism. For the Hanford Site, predatory birds and mammals
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commonly selected are herons (fish-eating), raccoons (crustacea-, mollusk-, or
fish-eating), muskrats (plant-eating), and ducks {plant- or fish-eating).

The internal total-body dose rate to an organism for N radionuclides is
given as

R =§:bix &,c (1)

where R dose rate to total body of organism ¢ (rad d’'),

£, . = effective absorbed energx rate for nuclide i per unit activity in
' organism ¢ (kg rad Ci''d")

£, . =€  MeV dis™! x 3.70E10 dis s™' Ci’!

1.8 1,

x 86,400 s d”' x 1.602€-11 kg rad MeV’ = 5.12E4 € _

B where ¢ is the effective abscrbed energy for nuclide i in
: organism c.

b, . = specific body burden of nuclide i in organism c (Ci kg™*).

For a primary organism,

b, . =C, B (2)

where (. 1s concentration of nuciide i in water to which organism c is

exposed (Ci m?), and B. . is bioaccumulation factor for nuclide i and orgznism
kl -1 .

¢ {m" kg™'). 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

& =Z cl,cBi,c E‘,c (3)

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

db*

= -Ab? 4
m b (4)

zlvo

where b® = specific body burden of the secondary organism (Ci kg'}!)

P = rate of uptake of radionuclide by body of organism (Ci dah)

A= (A + A) effective decay constant in secondary organism, (d')
where A = ln(Z)/T is the b:o!ogxca] removal rate constant for
the nucﬁ1de in the secondary organism and A= 1In(2)/T, is the
radiological decay constant for the nuclide

M = mass of secondary organism (kg).

The secondary organism uptake rate is given by

P=>bUf, (5)
where b = body burden of primary organism (Ci kg!)
U = intake rate of primary organism by predator (kg d’!)-
f. = fraction of radionuclide initially retained in total body of

secondary organism {unitless).

Solving equation (4) with b® = 0 when t = O:

QGG007
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P (]_e-lte) (6)

b = — 2~

M A

where T, is the period of exposure (d).

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

Ro=X

i=] n\: A'i.c

b U fy i (1-e H-cTe)

,. ™

where U = intake rate of primary organism by secondary organism-c (kg d'H

A o= efchtive decay constant of nuclide i in secondary organism c
' (d7)
m_ = mass of secondary organism c (kg}.

c

In the absence of specific data, the removal constants, A, .» and uptake
fractions, fLi, are taken to be that of Standard Man as derived from Publica-
tion 2 of the International Commission on Radioclogical Protection (ICRP 1959).
See Table 1.for a list of representative values. The vaiues of effective
energy, €, ., are determined knowing the effective radius of the organism.
Table 2 gives values for the energies ‘in MeV dis™! for selected nuclides and
radii. Energies for radii falling between these values may be found by linear
interpolation. However, for most estimates, selecting the energy associated
with the radius closest to that of the organism suffices. The exposure time,
T,. is usually assumed to be one year for regulatory purposes, and the water
concentration is averagéd over one year. These doses to organisms may be
obtaired by hand calculation er the CRITR2 screening program for surface water

pathways (see Appendixes A and B).

Example Calculation

As an example of how this methodology may be anplied to some representa-
tive Hanford biota, an estimate was made of the internal dose rate from (s

to a fish residing in water having the concentration of 4.95-8 Ci m” and to a

063008
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heron whose total diet consists of such fish. The radiological decay constant
for ®%Co is 3.6E-4 d' (half-life of 5.27 y).

The solution is as follows: first fhe body burden of the fish is calcu-
lated. The bioaccumulation factor for fresh-water fish is obtained from
Table 1 for cobalt: 330 L kg™' or 0.33 m® kg”'. The body burden of the fish
using Equation (2) is then

by = 4.9E-8Ci M2 x0.33m% kg ! = 1.62E-8Ci kg~

From Table 3, we 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 o

is G.437 MeV dis™'. Then the dose rate, using Equation (1), is

el
L)
1]

eron = 1.626-8Ci kg ' x (5.1264x0.437) kgrad Ci *d ™
3.6E-4radd™ (3.6E-6Gyd™)

The internal dose to the heron is estimated from Equation (7). As seen
in Table 3, the typical heron has a mass of 5 kg, an effeFtive radius of
10 c¢m, and eats 0.6 kg of fish per day. From Table 2, the effective energy of
the secondary organism (heron) with an effective radius of iC cm is 0 732 MeV
dis ".

£ =5.1264x0.732 = 3.75E4 kgradCi ' d ™

The biological half-life is 9.5 d from Table 1, which can be converted to a
loss rate: 0.693/9.5 d = 0.0730 d™'.
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Then the effective decay rate is

A =3.6E~4+0.0730 =0.0734d !

Substituting the above values and the uptake fraction of 0.3 for cobalt from
Table 1 into Equation (7), we get the following as the heron dose rate:

R _ 1.62E-8C1kg "x10.6kad “x0.3x[1-exp(-0.0734d *x365d) ) x3.75€4 kgradi “d
heron
5kgx0.0734d7}

= 3.26-4radd " (3.26-66yd )

[ H A
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ATERNAL DOS

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 orgarism such
as a crab or clam include immersion in water and contact with bottom sedinment.
fFrom Soldat, Robinson, and Baker (1974), the water immersion dose rate in
Gy d”' from N nuclides is

1rmers E C mmers.l Fexn (8)

where DF,_  is the water immersion dose factor for nuclide i, rad d°' per

Ci m3, and Fap is the exposure fraction (unitless).
The model for the direct irradiation dose from bottom sediment or mud is
similar to the shoreline dose equatinn of Soldat, Robinson, and Baker (1974).

For N nuclides, the dose rate in rad d”' is

N

S
Rsed = sed rlf expz 1— grd i (I"QXP s)/)\. (9}
i=]
where F_ .. = sediment deposition transfer factor, 0.07 Ci m2dtCit e
(Soldat, Robinson, and Baker 1974, p. 4-3)
F . = geometry-roughness factor (unitless)

OF ., = ground irradiation dose factor for nuclide i, rad d! Ci* m

-—
1]

time sediment is exposed tu contaminated water, d.

The remaining parameters in Equations (8} and (S) were defined for the
internal dose equation. For anrnual exposures, multiply the resulting dose
rate by the number of days in a year (365). For Equation (9), Ts would be
! year or 365 days, since the release is over 1 year. The buildup of previcus
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releases in the sediment is not included. The geometry-roughness factor
modifies the "infinite plane"” dose factor to account for the heighf of the
organism above the surface, the relative size of the contaminated area, and
the roughness of the surface, which causes scattering of the photons emitted
from the sediment surface. The exposure fraction is the fraction of time the
organism spends exposed to the medium.

For an organism such as a fish, which spends 100% of its time immersed
in water, the exposure fraction would be l; for a clam or crayfish living on
the bottom, the waier exposure geometry wouid be similar to that of the water
surface. For ducks, geese, and cther surface swimming animals, half of the
immersion dose may be used as an estimate of external dose. If the animal
spends time on the shore, a fraction of the sediment dose may be included.
This factor may vary between one-fourth and vne-half, depending on the habits
of the animai. See Table 3 for some typical exposure fractions for some
Hanford animals. The roughness factor is assumed Lo be 0.2 — the normai
shore-width factor for humans standing on the shore of a river.

Example Calculation

As an example of estimating the external dose rate, consider the ®%Co
dose to a fish and to a muskrat rosiding in and near the surface water with
the same concentration of -%%Co as in the previous example. The fish is
assumed to feed on the bottom 50% of the time. The muskrat is a typical
Hanford muskrat tiat, as shown in Table 3, spends a third of its time on the
shore and a third totally immersed in the water.

For these creatures their external dose comes from both immersion in the
surrounding water and direct radiation from sediment, so we will first calcu-
jate these dose rates, assuming exposure to each medium for the entire year.

For the immersion dose rate, we use Equation (B) with the dose factor
for water immersion from Table 2, corverting the dose factor of 28.2 mrad v’
pCi™t m® to rad 47 Ci7' m® gives 77.3, then

10
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R =4 9E-8Cim?x77.3radd}! Ci'
= 3.8(-6 rad d”' - (3.8£-8 Gy d'")

i+a sediment dose rate is estimated from Equation (9). The dose factor is
Table 1: the value for A is 3.6£-4 d' as before. Coaverting the

sase factor of 227 mrad y' uCi' m® to rad d”! Ci’! m? gives 622; thus

R, = 4.96-8x0.070md"’ x0.2x]x62radd’ ci’m
x {1 - exp(-3.46-4 d™' x 365 d)] / (3.4E-4 d7F)
= ).45(-4 rad d7 (1.45E-6 Gy d'P)

Y:w the total external dose rate for the fish is made up of 100% immersion and

2 sediment:

1
"
(78]

8f-65 rad d} + 0.5 x 1.45E-4 rad ¢
6E-5 rad d' (7.6E-7 Gy d7*)

%
~3

“rs total external dose rate to the muskrat is made up of 1/3 immersion and

sediment:

)

R_,... = 0.2x3.86-6 rad d”' + 0.3 x 1.45£-4 rad d”
= 4.5-5 rad d7' (4.5€-7 Gy d7)

QULTLS

:
=
&
=
3



L.

7271

808
69
059
00¢
08

Sl
919

000¥¢
6¢

000S9
£9S
002
00v91
01

00059

{eothojotg ueuwny pue mxopumund

000s
000§

o001
00L
000y

ooy
000¢tY

000S
000S
0001
0081
01

00001
00001

0004
000t

000¢

00§
000%
0001
00001
0s

0005
ooob
00§
0001
00SY

.............................. 6y 1

4 0ot
000L 000¢
00§ 0001
000§ 000§
0009 00v
0¢ 00l
ovl1l 0002
000¢ 000¢
09¢ 0001
[ 0S
000¢ oooI
00§ 0001
00001 00001
[ 0002
00002 0006
0l OEE
00002 00002
0001 000001
0000t 0S
0¢ 002
002 002
[ {
062 001
08S 002
0001 0001
ILes xmmgm
----JSN|{OW-----

b
goot
00§
000t
0009

0t
00§
0002
03¢
[

005§
00§
000§
S
0000¢

0l
00§
0001
00001
[

002
{
09t
0S¢
0001

31es

001
000t
0001
0001
0ov

0ot
000¢
000¢
000l
0%

0001
0001
00001
000¢
0006

0€E
00§
000001
002
002
001

00¢
oool

ysauq =

---ueadelsnag-- -

SUOL]DBJ44 axeIdn pue SaALT-j|eH
otje(pwnadeotg o1 )i2ddg-pacuey

00¢
0ol
. 00§
0001

00(
009
Oui
005¢

NG

00l

000¢
00002

01

09

000l
01

002
0032

00t
0¢

3Les

0l
00t
00§
6
006¢

000¢

001
001
0tL

Ysa.4g

SRRl LIFEREEE

T3V

12

[ H R



7271

p-13¢ 959
50070 S
2°0 09y1
[00°0 0001%
8°0 152
16070 0006¢
500 299
p-3¢€ 959
10°0 092
1 1
I 06
8°0 5
1°0 L1
100°0 005
0 0
10°0 0z
20°0 8y
1 001
p-3¢ 051
I 0l
20070 £95
o o1
p-3€ 055
100°0 9
10 008
||||| llv!l
g Y

000t 000§

0000¢ 0002

0000S 000¢

0s 00¢

00000 000005

9 00¢€

coot 00S

000t 000§

00s 009

1 00l

[ [

00T 0001

00001 00001

0ot 000§

[ {

0061 00¢

I [

00S1 00¢€

000S 000§

000%€ 000ve

1 [

{ I

[ [

[ [

0000S 0o00I
ALES ysa.g
..... jueid-----

0005 000€ 000t 000¢€
00¢ 0002 00€ 0002
0001 005 0001 00S
ot o€ 0l 0
000S% 0000011  0008E 000001
051 0g 0l 0¢
005 005 005 005§
0001 N00T 0001 0001
0§ 0 05 05
£°0 001 1o 001
I I I [
02 00T 02 001
0009 000000 008 000001
001 000T 00T 0001
I I I I
00T 002 00t . 002
00001  0000T 00001 00001
0S 001 05 001
0001 000¢€ 0001 000€
00001 00002 00002 00002
000¢ 000¢ 0001 0001
1 [ 1 1
000§ 0005 0002 0002
00001  0000T 0000  0000I
0000€ 001 000S 001
3{eS  ysauy 1S Ysddy
--=-<-J3SN{ |OW--=-~- ---ueadelsnuj---

{pi1uod)

- 008
04
00¢
00¢

00082

004¢
00T
0ol
001

oy
0oy

0¢
000t

00t
0000¢

0y
00§

000T
poot

1Les
----yst

0001
000¢

ysaud
n& |||||

W
Pd
44
ed

d

13

00004y



7271

ool
S48

000LS

Sl

049

.............................. By 7

001 0021
000t 006
1 [
I I
0002 000¢€
ooy 001
000§ 0004
0001 0009
I {
oot 000t
0000S 0000§
000S 000%
0000$ 00006§
0so1 001
0oot1 0000l
001 000t
S [
000I 000¢
I [
0ol 002
0001 gooT
0001 0000¢€
009t 068
0001 000§
000T 000¢
3LES ysad4
..... juejid-----

001 ot
o€ 001
000$ 0005
0005 0005
0001 001
0001 0019
02 00T
000€ 0001
000€ 000€
o 001
00005  0CuOl
000§ 000¢
00005 00001
0009 0002
000007 0001
0021 001
b 001
0002 00¢
I I
001 00€
002 0001
001 0001
000€ 001
0001 0001
00001 00002
3RS ysauy
----UMDFPOI .....
(pjuod) T 378VL

0l ol
0l 001
0001 0001
0001 0001
000t 00T
000t 0018
01 001
0ooT 0001
aoog 000t
l 0ol
0000§ 0000¢
0001 000¢
20008 onpot
00GS 000¢
00€ 0001
0C! 001
[ 00!
001 00¢
[ 1
001 00t
00¢ 0001
001 000l
00¢t 001
0001 000t
0000S 00002
iles ysady
---ueadelsnud---

01 00¢ct
0§ 0§
009 00%
000§ 000§
009 001
000t  oOop
0¢ St
09 §¢
09 09
14 0%
00005 000I
00§ 00¢
00005 0001
0009 000l
0S¢ 001
0001 002
4 054
0t 001
l LS
01 01
00§ 000¢
056 0§
0001  04¢
00T 4
000¢ 0§
1LeS  ysady
Bl R R

qs

ny
uy
Wi

QY
By
N

0d

14

000041iG



(8861

"1e 33 JatdeN) SN Aq 06 4BW [ Pajep BLlJ 1VQ'HIVOIG TIN3ID

(8961) 0[-dud1 ‘(6561) 2-dydI ‘(LL61 JYN) 2L10- uum:z

000 0005
00005 00002
I 1
00€ 0005
1 1
}LeS  ysady
..... JuR|d-----

(8861-6461) t ybnouayy [ sided 0€-dydI : J

0s 0S 05 0S

0000¢ 00001 00005 00001

ooot 000t 000T 0001

0001 0001 000I 0001

[ [ [ [ .

me N ommemem e

1LeS ysady ALES Ysadg
~==-0SN{|OW----- ---UBadBYSNUA]---

(puod) T ITAVI

15403224014
;7 :sadanog  (e)

0§ 00¢ 47

0001 $9 uz

002 00¢ qA

0¢ T4 A

I I 9X
ILES  ysadd
S---ystge-e--

15



ris %.w.@u#w_.mﬁmmm ... ? o
Al

k.

~mw ”:9)
N o
Do -]
=
| . 00+366°8  00+3L0°4 olL” s0L° 189" 089" 9.9° 29 899° 999° P 99°8) 98-y o

20432271 10435772 ££°1 60°1 %8s Ty 665" a0 sLy &M Y 12 f8- 3

10+30%°L  00+359°6 4t UL 05°1 191 7 "1 2L 92\ 12°y w9 13-4%

10-30§°2  20-3¢7°2 S22 s22 §22° %2 w2 vz w2 w22t Aol 8- 2%

10-303°F  00+328°14 sg 60" 622" 892" 092° 252" goet §72° 489y W38~

10-391°4  £0-302°L  8€Y0° 8£%0° 8gv0° 8£v0° 8£90° 8£70° 2g70° 8€70° ¥ ol HE - ¥X

00+326°9  10-3¢5°2 %"\ 0" 90"\ 70°1 0"\ 901 40"t 0T W82 g-8

20036674 10431272 §2°2 00°2 94 9571 Ty 881 %L i€y w08°ig ¥3-¥8

\0-389°L  20-351°8 29¢° 991" 598" 99g" ¥95 el £91° £95° 4 652 aesg-u0

200309°2  104396°2 0Lt £5°4 g0 £99° oLs g9g” %62 82" 4 0§'% 20-88

10+322°7  00+36L°% 1l Vi 11 S it il o Ly 2eU9 92-5¥

90-320°9  $0-325°'9 2" % % i iy Fi 3 2w g 89-N1

(0+39€°9  00-325°9% ze2” 122" 8€1 " 0o 2990 £090° 11%0° 00%0° 4 9L°ElL  0+HE9-NZ

10+389°S  00+395°9 2 192" £54° S 9t90° ¥950° 98£0° 4920° P &°EN $9-N2

10438671 00439072 692" 022" 081" 591" % go° 254" £€1° 4 i0L2l ¥9-n2

10+366°Y  00+302°9 A 698" 29" s §69° 999" 159" S 402572 591N

: 00 0°0 910" 9210° $210° 9.10° 910 Q10 9L10° 92100 A 96 £9-18

200342°2 10432872 951 12°1 19N 095" 9869 908" 152 s6lt A L22's 09-03

10+38°6  10+360°1 ££9° 269" 162 922" NS I $06G* g2.0° P 08°0Z §5-02 o
L0+3E9°L  00v3YY°L 001" 080" 9290° 0450 96%0° 8890 80%0" 08£0° P 6°022 £5-03 —

20430171 10+37E°1 928" 559" 829" 29" 932" yee 161 ML P 82STYY 85-34

20-312°2  %0-398°2 900" 92200°  92£00° 922007  92L00°  92200° 9200 92L00° A 272 §5-34

20+309°1L 10431072 29" 2574 921 £ 70"\ 156° 706" S18° Y4 S9L6°2 95 - Hit

10+319°8  00+32%°6 s’ 265" 222 . 221 8620° 7150 wE0® P §2U8 96 -N

00+319°€  40-UY'E 1640 6710°  10600°  S9900° 62500  €9§00°  92200° 222000 P Y0.°Z2 15-%0

20+3%6°L  10+382°2 26y £0°1 99 10§ 85" 0z 252 610 P gefe 99-35

20435171 L0+3yr°d 2 %0°1 £64° N 29 925° 195° sLs° Yy 229y Ly-uy

0°0 0°0 %%\° 91" 961" 961" »”%L" %% 964 wit A6 65-9Y

00 00 %69 $69° $69° 9" 569° §69° 566" 89" P 6279l 2§-d

20e395°C  L0e91°S 92 8i°2 87°1 £2°1 $0° 1 899" e L u00tsh 92 - N

204301°2 1043122 154 02\ sl 619 208" 28" ti% 982 A 209°2 2e-vN

20+320°1  10+380°4 198° vy 9is 228 Los” 958 20¢" $82° W 127601 gi-4

20635071 {0+3LL"} ! £86° L 10s° 949° 186" 456 8BS W 5966 £4-A

0 o 0" 50" 0" 0" 50" 50" 50" §0° A 0146 7.3

0 0 10’ 8500° 8500 9500° £500° §500° 8500° 8s00° A sg21 K

(W o7 58 (@ 1o¥ i 0% 0Z 01 1 4 5 F IR L ELY

A penx) A pe.au) (w3} snipey AqQ ABaaujl -olpey

—mcoa_vwm Uo i sJauN] .

:mgouumu 3jey 9SG [(eu4d3x] pue swstuebug dijenby jo
(Wd) 1ipey aA13138443 patda(as 4oy r.m_:g:33359;&;:-:2.::z

—



i)

-
Do _ } op]
D 00+302°2 10-320°1 280" - 9me” 6920° 8240° %690° 2590° 8290° 20900 A 2358 62i-1 L,
10+380°6 00+399°6 901" st LTI fgL” o5L” 2 s Sl wgtLy ISREL ]
s 20+381°2  10+3€5°2 92" 91 856" 08° 92" 509" 275" 206" w965 aewEfl-dl &
10+38%°2 00+3€9°2 292" e 691" 951" - gL s21° 1210 oy 2se 2¢4-31
10+395°7 00+32L°Y 196° 916° $s8° ££8° 18’ 008" 164" 98" W 0'S2 LEL-3L o)
00+389°S  10-3%96°§ 109" 14 £95° 555° 875° Lo 8¢s° SE5T w9769 621-31 o)
00+39°€ 10-352°€ 199° 1$9° 229" 619" 219 599° 109* 865" P 9°€E  Q+mé2L-3l
10-321°6 20-382°S 9”2z 922" 9”2 2" f22° £22° gz2° £22° Y SE°6 224-31
10-302°9 Z0-326°€  S0200°  £0200°  00200°  6&4100°  ©6100° 261007 261007 161007 P 60! W2i-31
00+301°2 10-392°1L ni* £ i 2 rAT N 2 e {11 P8 WS2L-31
10+362°9 00¢30£°Z 669" a7 029" 195" gis° s gy’ ££9° P SY'S £21-e%
10+3£7°  00+3£9°Y £58° 162 02" 1N ost’ 924" e soLT A e §21-9S
20439271 10+3§1°2 1St 924 18 682" "' e 169 659" P o02°09 921 -85
10+316°2 00+305°€ 96" 2%° §26° 616° ”"e" 016" 205" 906° P 49°6 - S2L-NS
00+378°2 10-206'2 = %f° us” 295" 595" Lo 29%” 29¢° 195" P §7L LiL-9v
Z0+399°2  10+20°€ 89°1 of°1 /L £65° 959" e sg2° g8L° P 6°692 QeWOLL-OV
20-311°2 £0-369°2 168" 085" 06€" se8g’ 68<" 608" 48g” 68C° Y L27°SL Ge60L-0Od
00+36£°8 10-355°8 212 861" &l rI 294" 910 - 65" 8SL°  \ 9%°SE S0\ -HY
0°0 0°0 95°1 £5°1 67" 297 97" §9°1 291 y9°L P 2°89f  Q+90L-NY
10+350°8  00+359°¢ £98° uL ”9° 265" £95° 225" g0s° 967" 4 Y'Y Q+50L-NY
10+300°6  00+392°¢ 665" g2¢° og2* 961" g9t° on” s21° 9IL° P 82°6L  GsEOL-NY
10+399°€  00+430L°€ 169° 9" 0s” £95° 928° f0s° 267" gy w2yl 104-01
$0-392°9  90-38L°9 ¥90° 980" 80" ®o" 20" ¥80° ¥80° 90" A §3EL°2 66-31 ~
L0+389° L DO+36Y"L st 184" as1° oSt .- 8fl° 29€L” 2L 4y Wo6-31 -
10+309°1  00+3§2°) 195" 925° sy x ry 0£Y” g2y 619° 4 0'9%9 0+66-0W
10436279 00+3YC°L -y 06L” 99" 909° 08" 258’ 215" 00" WU 26-8N
10+392°2  00+395°8 S1§° $0%° £5e” 26V 951" gL 9060° 910" P SI°SE $6- 8N
LO+392°L 00439072 £2°1 ML 186 169" 898" 208" 8.L" £94° 4 04'91 16-¥2
L0+ 2 00+302°S 2071 258" 595" 25y’ o8g - 162" 952* 122 P 969 $6- 82
00+355°8  00+350°1 21 2 024 PIS 614 gL'l 8Ll 8i°L 4 L0l £6-4
10+329°2  00+358°2 1971 257 Y T30 67°4 8y°L XA 7 4 as°g 28-4
10-31£°€  20-390°% 265° 265° 165° 165" 1&s° 165° 065" 065" P 15°8% 16-A
10+399°S  00+308°S 7% 092" 924" gL 201" €240° 5190° 8L50° W 14y Hi6-A
0°0 0'0 656" &56° 6£6° 656" 656" 656° 6£6° 666° 4 0% 06-4
20436171 L0+305°1 001 508" £95° &y \eg” 0l 22 692" 4 Le 26-uS
10432279  003SL°2 gt {0 996" 199 218 2se” 2L 200 456 16-¥S
. 0°0 0°0 " ”"i U ”wi " 70l 71 L Ae 06-3S
20-39¢°1L  £0-355°1L ¥95° ”s* L ¥95° 95° 79¢° 95" 9 P §°0% PER
2043061  10+399°2 8571 9L 02"\ £0°1 616 162" £eL° 249" w25l 68-9Y
L0+322°S  00+39L°¢ 692 072 82°2 922 12°2 gL'z 92 si°2  wgll 89- 8
SO B P E L 0% 02 [ 1 4 3 Z %1 3301-719R  3pijom
T> pelw) A peaw) {Wwd) snypay Aq AEIau3 -o1pey
: Juawpas 86 ssoum]

(pjuod) -7 378VL



2043271 0 L0319t $96° 864" 058" 8y 827" 8¢ Le Hwew o Ag'e 554-03
vnj 00+380°2  10-30L°9 882" £92° Ty 924 Xy 2 12 02 ML £51-NS
10¢365°C  00¢289°¢ Y 5yY° 065" 0L8° 95¢” 09¢° 28¢” 28 worm 1S1-nd
[ N 00+352°L  10-382°1 128" 08" 89¢° 895" 195" 29¢° 19¢ 99€° 4 BO'SS 671 -Wd
2 10+1E°S  00435%°9 2071 286" 298" 618" 88" §62° L8 L P uss 991 -Nd o
Do 70-301°7  $0-351°%  029%0° 0290° 0290° 0290° 0290° 0290° 0290° 0290° A %292 L71-Hd (N
10¢337°1  00+389"1 ¢ 02" 162 o8z | we y9e 652" 520 P 8sTOL 274-0N &
00+386°2 10-398°€ s LA 22°1 %21 921 £2°1 €21 §2° w gLl 9% -¥d )
20-390°6  80-356°6 ne yig ne 9Ls” LIt ”7ne yLg” g P 9sTel £91-3d nU
00+39L°2  10-380°2 3 91 0L £2°1 51 2871 et 2L P CUyaz 0el-30 )
10+358°2  00+348°2 109" {13 £67° 0L%" £5%° 143 929 02y° M O0'ff £91-32
00+382°89  10-31L°8 602" 7N 81" |- 6LL” SLi° AN 4 P LosTzE 19120
2043Y9°2  L0+3WL°E "2 781 09°1 §2°1 " £0°1 £26° 156" @§°2 29173
00+362°C  10-318°Y 186° 06" u6° 026° 696" 296° 196° 996" N £6°€ L21-¥1
20+351°2  10+399°2 681 #s°4 9Ly 101 06" g6l 952° 869° My 20y 0%L-v
10+328°8  10+320°14 82"\ 0} 698" £82° e 959" 229° 109° W 901 291-v8
10+396°8  10+300°) WL 95t 21 611 911 2L bl 01w 2uel L94-V8
10+386°1  00+350°2 §97° 82y iy 5¢° ie° 82¢” 02¢” sig” Pl 071-va
00+328°€  10-310°Y 0s4° ye* 9£6° £56° 1£6° 626" 426" 6" wl°Z8 651 -v8
10438272 00+319°¢ &Ll 821 9"\ 991 91 29°1 194 19°L wye 6£4-52
204351°2  10+9L°2 rigt 20°2 294 8%°1 g 274 22y gL'y w22 851-5
10+4311°9  00¢385°9 s’ 005" 88’ 99" 91£° 2" 92 452 A 0°0f  Qef£1-S3 ©
20439472 10+3YY°2 671 Ll 2L s ey 255° £22° £€g2° P sl 951 -8 —
00 0°0 8s0° 950" 850° 80" 8s0° 850° 850° 850" A 93€°2 S£1-52
20433571 10eILL°N ”i s18° 968" ogy” 968" 90¢° &s2° og” A 290°2 9€1-52
00+38°2  10-30y°2  2260° S0%0° 2590° . 1650° 8550° 2150° 96%0° £990° 4 06°2 u7EL-$2
20435071 10+395°L £2°1 ¥0°1 yaL 279" 059" 298" 225 05T W L'v ge1-3X
10+368°1  00+120°2 9.1 9l 121 0L\ 69°1 891 89°1 89°L W 8¢ 251-3X%
10431272 00439272 697" oLl 98¢ " 89¢° SSE” 29¢° SEE 0€8" 4 6076 €Ei-3x
L0+3EY°Y  00+LL9°Y s 208" 0ne 981" 9 ofL” 9" gilT W 2°SL MSE1-3X
00+380°S  10-361°Y 254" 891" £9° Iy o9” 8eL” Pl PI{SN 1 £51-3X
00+351°Y  10-UUE'S 961" 6L- v8L" z8L° (] BLL" @y 91" PedLTT  HECL-3X
00+3€8°4 10-3%C°1 o51” egL” 8 a8 95 9¢L” 9£L° 951" P 6&TLL MLEE-3X
20+35Y°1L  10+319°} €571 9271 68" 92" 199" 95° ”"s” 199 4199 $€L-1
20+38S°Z  10+396°2 19°2 4172 %1 8271 2y 956" 8s8” 6Ll w928 911
10+391°9 00+399°9 628" 85L” i9° 995° £€5° 289 8L 9% wgo AR
20+362°2 10439572 %1 651 217t 086" 928" £69° 929° 185" 4 0£°2 2L-1
10¢3%0°Y 00+32{°Y 2y 89t° £62° 992" §92 922" £z 902" P ¥0°8 1l
20438172 10+I9L°2 191 1€l 188" YL 3y 069" 2y 98"y 9Ll ol -1
20+3L9°1 s.\us; " 96" 0ss° 097" 968" riy 162 692" M o0f o MISL-L
- G 137 Jd Nn- 197 Jd 0f T [T} 4 S ¢ H 971 N1 epiu :
A pens) A pess (w3 snipey Ag ABJA3 -01pey _

Juau | pas U0} SJun |

\

) (pjuod) 7 I3TAVI




7271

*(B86L-6261) d3IL  SIALT-} 0N
*(ggst) 300 :sJoldey aley asog
*(9261) J9nEg pue ‘uOSUIQOy ‘1ePjos  :8a1643U3 _1SadJnos ()

0000<1

20-395°9 90-3157°6 §°91 ¢tel 272 22l 2Tel 2 2 22 2°2L A gg9°e 252-40
20-362°'8 £0-320°\ 8's 08°S 08°s 08°'S 08°S 08°S [1° 39 og's A L'gt 92+W)
20-398°6  £0-382°1L 179 19 [S9) 19 ti°9 119 e 11°9 P 87291 212-W)
00+319°9 10-360°9 2°s 0f’s 62°S 62°S 62°S g2's 82°'sS g2°'s A oL Q+CHT-NY
00+366°2 10-388°2 2°S 25°S 2s°'S 25°S 28°S 16°S 1S°S 1$°s A 2Ty V92 -WY
20-328°9 90-328°6 -2 ] 05" 06°% 067 06" Y 06" [ 06°7 A S3f9l'f  292-Nd
0°0 0°0C 9£900° $£50C° $£500° $£500° S£500° §£500° $£500° $£500° A 99l Q+L92-nd
20-302°8  £0-304°1 91°S 9i°s 9L°S 9L°s +°S 9L°s 9L°s 9t°g A 1g59 0%2-nd
20-384°¢  %0-3%L°6 Si°S sis SL°s st°s si°s (1981 SL°s . S1°¢ A S90%2 6¢2-nd
2L-39$°8  £0-32i°% 05°S 15°S 18°S 167§ 18°S 15°§ 16°§ 16°6 A 9.8 g€2-nNd
I
10¢326°1 Q0+308°( e 02" £22° U2 1% 802” 502" £02° P §se°2 6S2-dN N....
10+395°¢ 00e322°9 15 07" 18¢° £RkE° 908" 2ge” 0Le° £92° pLilte 812-dN .
20-399°9  £0-382°1 Y £ £ £ £ £y £ £'9 A 438999 Q+8£2-N !
10+319°1L  00+3ES°1 02e” 0ez” o8L° 08L” ogL” o9l 071" 9L P SL9 i£2-n .
1043121 0032471 9y 9" 9" 9y 97 9y 9"y 99 A g3%0°L 0s8£2-N !
20-3.0°8 £0-398°1 3 8 6% 6’7 [ 3 6% 6 67 A §359%°2 °%e-n _
10+3%6°9  00+3S2°$§ £65° 628" Fiva f0y° Y3y £5¢° 688" S5 9y 6%l 481N
£0-31L°¢g  %0-I9L°¢ b1 10 belB bl bl " ksl }21 ”e P L& , §8iL-n
00+399°9 10-390°Y  1£500° 42800° 22500° 02£00° 81£00° 41500° 94£00° 91L£00° P 2oizlL 184-n
20+392°1  10+345°) 60°4 086" 7"we 919" 08s° 128° 06%° Ly P 61°S1 95i-n3
o o 73 [ w 3% 1 of 02 1]} [ 2 94 STT1-319A  powd
. 7» pe.g) nux peJe) [(5)) m..._lv%uﬂn \.u..!mw — -0pey
UL pas VIR 5L -}

(puod) T 37aVL




7271

S°0
£°0

O e~ - O

£°Q

_— QO O e

swsiuebao A4ewiad 03 9SOP JO UOLIR|ND[BD 404 pasinbad JoN (e)

20
£°0

0
£°0

O —~ - O

@5e3ans JajeM UDISJAeWd] JuoWipas

U0[3Jed] oANSOCK]

001 ysty ‘jueld ] I XanQ
009 ust4 01 q uoJ4aH
ysid
pue ‘3sni|On
008 ‘ueadelsnd) 02 6 uoodoey
001 jue|d 9 [ JeLYSNY
AJTEPUGIBS
(®) A93eH I4 (%) aeb |y
{e) 433N 2 () SASN| L OW
(%) NENL:T) 2 (e)  BIIBISNUY
(e) 433N S (%) ystg
KIBUITAd
;.9 b] 3L ONN (W37 (657 wstuebap
ajey 40 3dunog snipey ssey Apog
IqeIU] 8AL109333

weaboad 2YL1Y) 3Y3 Ul Bsn 404 Sudj3Wedeqd DLJ103dg-puojuey papusuwodady § IIEVI

0G00%

20




7271
REFERENCES

International Commission on Radiological Protection (ICRP). 1959. Reccmmen-
dations of the International Commission on Radiological Protection. ICRP
Publication 2, Pergamon Press, Oxford, England.

International Commission on Radiological Protection (ICRP). 1968. Recommen-
dations of the International Commission on Radiological Protection. ICRP
Publication 10, Pergamon Pross, Oxford, England.

International Commission on Radiological Protection (ICRP). 1979-1988.
Limits of Intakes of Radionuclides by Workers. ICRP Publication 30, Parts !
through 4, Annals of the ICRP, Vol. 2, No. 3/4, Vol. 4, No. 3/4, Vol. 6,

No. 2/3, and Vol. 19, No. 1-3, Pergamon Press, New York.

Napier, B. A., R. A. Peloquin, D. L. Strenge, and J. V. Ramsdell. 1988.
GENII - The Hanford Environmental Radiation Dosimetry Software System.
PNL-6584, Pacific Northwest Laboratory, Richland, Washington.

National Council on Radiation Protection and Measurements (NCRP). 1991.
Effects of Jonizing Radiation on Aquatic Organisms. NCRP Report No. 109,
Bethesda, MD. ’

Soldat, J. K., N. M. Robinson, and D. A. Baker. 1974. Models and Computer
Codes for Evaluating Epvironmental Radiation Doses. BNWL-1754, Pacific
Northwest Laboratory, Richland, Washington.

U.S. Department of Energy (DOE). 1988. External Dose-Rate Conversion Factors
for Calculation of Dose to the Public. DOE/EH-0070, U.S. Department of
Energy, Washington, OC. .

U.S. Department of Energy (DOE). 1990. "Radiation Protection of the Public
and the Environment.” COE Order 5400.5, U.S. Department of Energy,
Washington, D.C.

U.S. Nuclear Regultatory Commission (NRC). 1977. Age-Specific Radiation Dose
Commitment Factors for a One-Year Chronic Intake. NUREG-0172, U.S. Nuclear
Regulatory Commission, Washington, DC.

21

QG003




T e T B B A S e e e (O A B S R R T RAATR

7271

0@@@2@

APPENDIX A
CRITRZ USER'S GUI




7271

APPENDIX A

CRITRZ USER'S GUIDE

SCOPE

CRITR2 is a personal computer (PC) program used to estimate internal and
external dose rates to aquatic organisms from liquid releases of radioactive
materials to surface waters. B8oth primary organisms, such as fish, crustacea,
and mollusks, and secondary organisms (those that prey upon the primary
biota), such as aquatic birds and mammals, are considered. External dose
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,“) to be discussed in
an NCRP report (in preparation). Screening models for rivers, estuaries,
lakes, and coastal waters are supported. For 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 surrounding the
" primary orgénisms and that no dilution screening model be chosen. Use of the
RIVER 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
usually the same from site to site. File setup, source terms, and site-
specific data are entered into an ASCII text file by the user. OQutput is to
a text file that may be edited and printed.

INPUT
Command Line

The command line consists of input of the name of the file containing
case-specific parameter values supplied by the user. This file, called 2 user
or "USR" file, contains the setup and parameter values required to run the
“program. For example, for the SAMPLE.USR file the command line would be

(a) Personal communication.

A}

GCO0R3




>CRITR SAMPLE

The USR file must be prepared prior to running the program. Two typical USR
files have been included as examples ard templates. One is a long version
called SAMPLE.USR, which contains numerous commentis 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 file is recommended for running Hanford cases.

Files

The input files required by the program are

USERFILE USR file for setup and parameter input

BIOFILE File containing elemental bioaccumulation factors,
biological half-1lives, and uptake fractions

ENERGYFILE  File containing half-lives, energies for various
radii, and external dose rate factors.

The USR file (USERFILE) is the primary method for the user to input
case-specific data to the program. The name of this file may be any eight-
character file name compatible with DOS standards. The example file included
may be used as a template for other applications. The example problem has
been used as the basis for this template. The comments appended to the file
with the symbols ' or | may be eliminated to produce a more compact file, bux

they serve as documentation as well as definitions of all the parameters
involved.

The general format of the user file consists of a header, data blocks,
and comments dispersed as need~d for documentation and supplemental informa-
tion. The data are divided into four blocks: SETUP, SOURCE, DILUTIGH, and
CRITR. These names should always be used, although case is not important.
Fach block starts with the word BEGIN and ends with ENB. 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 (QA) print-
out, the output units for dose rates, and the buildup time for sediment. The
SOURCE block contains the nuclide symbols, release rates (or concentrations),

A2
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urtts, and recirculation factor f(if applicable) of any of the nuclides of
interest. A maximum of 20 radionuclides may be entered at one time (see
goneric data files in Appendix B for those supported). The DILUTICN block
csntains the water-body model of concern and the parameters requirsd to
zalculate dilution in the body of water selected along with appropriate units.
a2 CRITR block contains data applicable to the organisms involved. The
infsrmation or parameter values are entered in free-form style (no definite
cotumns to start and end) with either commas or spaces as delimiters. Thus,
2azh parameter must contain no spaces. For parameters with dimensions, the
units must be placed after them. The acceptable units are given at the end of
ne file in a comment section. Case is not critical, so units and key phrases
may be entered in both upper, lower, or mixed case as desired. Comments may
ne indicated by any of four symbols: '’ or | as in the example or ! or (.

By using a block structure, once a user file is created (using one of
tre sample files as a template), values that need revision may more easily be
found and changed. The order of the data lines and blocks in the file is not

critical except for the CRITR block, which must appear as shown in the sample
fites. The descriptions and definitions of the parameters are as follows,

~here the data to be entered into the file are indicated by bold italics:

SETUP block This block is used to indicate the name and where the various
input and output files are stored if you decide tc keep them
in a separate directory. If these are left out, default
files are assumed to be on the default directory {current
directery).

TITLE Any string of characters up to 80 columns wide can be
entered here to provide a title to the run that will
-appear in the output file.

BIOFILE Complete file specification of the bioaccumulation
factor file. If left blank, the default file named
"CRITBIOH.DAT" is searched for in the currant
subdirectory. If it is not found, the prcgram prompts
for a file specification (drive, subdirectsry, and
name) . '

A3
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ENERGY FILE Complete file specification of the dose rate factor
file. If this line is left biank, the default file
named "DFEXT.DAT" is searched for in the current
subdirectory. If it is not found, the program prompts
for a file specification.

OUTFILE File holding the summary result tables. If this line
is left blank, this file will be created in the
current directory with the name "DEFAULT.OQUT."

QAPRINT Optional printout of results of intermediate
calculations. Entering TRUE here will select the
printout. [If left blank or FALSE is entered, no QA
printout will be created.

OUTUNITS Units for the doses are selected: Gy/D for gray/day
(default), NRAD/Y for mrad/year, RAD/Y, and RAD/D.

T8 Time of radionuclide buildup in sediment. Here a
value and unit symbol is used. For example, 30 y.

SOURCE block This block contains the symbols of the nuclides involved in
the calculation. The release rate or concentration may be
enrtered with its unit; however, when no dilution model is
selected (see below) the source term values must be in units
of concentration. A recirculation factor may alsoc be entered
when apptlicable. A D or blank for this factor will run the
internal default value of 1. Values for release may be
entered in almost any convenient unit (see the bottom of the
sample user file). Nuclide symbols may be entered with a
dash between element symbol and mass number or no space
between these symbols.

DILUTION block  This block contains the parameters used to calculate the
ditution factor for a particuiar water body in which the
organism resides. Dilutions for each of the water body types
are calculated using a different model. Depending on the
model selected, not all parameters may be used in some
calculations. The only parameters necessary to run Hanford
cases would be the MODEL and SALINITY parameters: N and F
respectively.

MODEL Type cof water body under consideration:

RIVER, ESTUARY, COASTAL, LAKE, or just R, E, C, or
L. R

If no model is desired (Hanford case). enter NONE
or N and enter concentrations in the SQURCE blcck
that are typical of the organism habitat.

SALINITY Flag designating whether the water body is primarily
fresh or marine: FRESH, SALT, or just F or S.

A4
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PIPE_FLOW

NEAR/FARSIDE

RIVER_FLOW

WIDTH
DEPTH
EBB_FLOW
FLOOD_FLOW
TIDAL_PERIOD
COASTAL_CURR
LAKE_VOL

NET_FLOW

CRITR block

X

DILUTION

727

After the salinity flag, a flag is required to
designate whether or not a correction factor is
desired to correct the stable element bioaccumulation
factors of the tables for short-lived nuclides

(~< 1 yr). If desired, enter YES; if not (usual case)
leave blank or enter NO.

Volume flow rate for the effluent ehtering the water
body - the outfall flow.

Designator for where the receptor is with respect to
the source for river and estuarine sites:

K for near and F for far shore.

Volume flow rate of the river or fresh-water component
of an estuary.

Width of the river or estuary at the outfall.
Depth of the water body.
Average flow of the ebb tide for an estuarine site.
Average flow of the flood tide for an estuarine site.
Period for one tidal cycle.

ENT Current velocity along coast for coastal site.
Volume of lake for lake sites. If the volume is less
than 1£11 m°, the lake is considered small and an

a]ternate model is used in the calculation.

Inflow minus outflow for lake site.

This block contains the types and names of the aquatic
organisms considered by the program in order, followed by
pathway related parameters. The following fields are denoted
by words X, USAGES, etc., that are explanatory only — not key
words. Note the line containing them is a comment line and
thus is not used by the program. A maximum of nine organisms
may be considered.

Distance frcm the source to. the receptor.

Optional direct input of dilution factors. For most
applications these factors should be entered as
unity: 1. However, when a specified near-field
dilution value is pertinent, then the dilution at the
end of an outfall pipe is found by using the medel,

A.S
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and these dilution factors are app'ied to reduce the
concentration to .3, .1, etc. of the dilution-flow

concentration.
MASS Mass of the organism.
RADIUS Effective radius of the organism.
DIET Primary organism that makes up the diet of the

secondary organism: PLANT, FISH, CRUSTACEAN, or
BOLLUSK. Only the first letter of the name is
significant to the program.

INTAKE RATE Intake rates for secondary organisms.

SEDIMENT Fraction of time exposed to sediment.

IMMERSION Fraction of time immersed 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). These files
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 is not critical, because spaces are
used to delimit the values and not column numbers. Be sure, however, that at
least one space remzins between data values. When changing any value, always
give the new file a different name. Keep the original file backed up in a
separate directory or disk for safety. The new revised file name then should
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
documentation purposes. Listings of these generic data files are included.
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OUTFILE 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. Dose rates (units selectable) are given for each organism and
nuclide for internal, immersion, and sediment doses. Surface swimming dose
rates are included in the immersion rates. If a water dilution model is
selected, the parameters specified in the user file are output first. Next
the organism parameters are output, and finally a table of half-lives, release

rates, and water concentrations for each organism by nuclide are output.

i

Printer

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

printout.

o

i

DISPLAY

" The progress of the program is indicated on the monitor. Either a

ﬁﬁ

monochrome or VGA display may be used. Common errors of input are displayed
on the screen and remedies are suggested. Some errors are called "Warning"
and- will let the program proceed; others are termed "Fatal" and will end the
program. Input data from the USR file is checked on input to be within a
reasonable range. If the data are cutside this range, the mornitor will

display a warning message and proceed.

QA CHECKING

For the printing of various intermediate values in the calculations, an
optional flag may be set to TRUE in the USR file SETUP block next to the
keyword QAPRINT. Various parameters and intermediate values will be sent to
the printer. If this option is selected, be sure you have a printer connected

and it is ready.

X
~
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SYSTEM REQUIREMENTS

The program may be run on an IBM PC or compatible computer with a
minimum of 180 KBytes of application memory. A coprocessor is optional. The
1BM-DOS or MS-DOS operating system (Version 3 or higher) is required. A
printer capable of printing at least a 132-character line (17 cpi) is also
required; otherwise, output lines will be folded.

A.8
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APPENDIX B

INPUT FILES AND SAMPLE PROBLEM FOR CRITR2
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APPENDIX B

INPUT FILES AND SAMPLE PROBLEM FOR CRITR2

This Appendix includes the listings of the input files and a sample
problem. Both a long and short form of the USR file are included for
reference and for use as templates in user applications. The concentration
cf Co-60 is the same as that in the text example. The output file for the run
from the SAMPLE.USR file is included along with a printout of the quality

assurance output. The generic input data files CRITBIOH.DAT and DFEXT.DAT are
also includedi

12523
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SAMPLE ,USR Monday, 1992 June 8 7.53 Poge 1
file Crested: Fricay, 1992 ey 22 8.11

SAMPLE.USR This is the Header -- 1t will De output to the output file

informetion can be placed here behind one of the four comment symbols supported:
tter(

Conments can also start after data. * This would be a comment.

' This Lline is also & comment tine and

( so is this. 8iank lines are allowed.

Each of the blocks is mede up of keywords which begin esch data line and denote
the parameter; next is the value of the parameter or suitable flag setting.

The first three letters of the keyword are controlling,

The program will display a sessags for any keyword it does not accept.
Parameters requiring units are followed by st least one space and @ unit symbol.
Acceptable symbols sre fourd at the end of this file. Powers of units ere not
superscripted. Thus the symbol for the volume in cubic meters would be m3.

BEGIN SETUP

' This is the SETUP block contsining run titte, input file specs,
. oA printout flag, output units, snd sediment buildup time. The key words,

' TFTLE, BIOFILE, etc., must be entered as shown; case, however, is optional,
TITLE Sample problem using long formst.
BIOFILE CRITBION.OAT ' Element-dependent file for biosccumulation factors
ENERGYFILE  OFEXY.DAT ' Nuclice-cependent file for halt-lives, energies, and dose factors
QUTFILE SAMPLE . OUT ' Neme of output file with destination specificastion
QAPRINT FALSE ' Flag for optionsl printing of intermectiste values: TRUE = yes; FALSE (or blank) = no.
OUTUNITS RAD/O ' Dose rate units: Gy/d rad/d mrad/y rad/y
. for the S! units concentrations are output as 8q/m3, or else they are
. output as Cisml.
1Y ' Sediment buildup time and unit. See below for acceptabis unit designators.
END SETUP
BEGIXN SOURCE

The SOURCE block containg the source term entered as either release rate or concentration.

The program figures out which from the units. If a recircuiation factor is pertinent, it may be entered.
Otherwise enter 1. Nuclide symbols may include the dash or not, but no spaces are sllowed between

the element and number.

However, if the dilution model is not used, relesse values must be entered as concentrations,

| RELEASE RECIRCULATION )
Co-50 49  pCist 1 ' Note same as saaple problem in text,
sr-90 700 pCist |
2n-65 3 pCint 1
Ru- 166 11 pCist 1
s812¢ &3 pCiznt '

END SOURCE
BEGIN DILUTION

In this Dlock the parameters for dilution are entered. Models for four water bodies are supporteg:
River, Estuary, Coastal, and Lake.

for no further ditution enter RONE or X for model. Then no other parameters except those specifiea

in the SALINITY line are needed.

Paramalers not used by a model sre ignored. .

Note that all water bodies require the cosmon psrameters, but need only those parameters

specified tor that body. Thus, for a3 River the paramsters for Lake and Cosstal may be deleted.

(1f they are lett in the file, they will simply be ignored-- untess, of course, a model of

another water dbody is required.

Caution: the parameter values given below for dilution calculations are for example onty.

The user must suoply parsmeter values for his specific case.

MCOEL NONE
SALINITY FRESH No

Also RIVER, ESTUARY, COASTAL, LAKE (or K, R, E, C, L)
Water salinity: ‘FRESH or SALT (or F, S) and bicaccumnulation
correction for short-lived mxlides (Yes, No)

[ERERERE Common parameters Parameters usecd for atl water bodies

PiPE_FLGW 800 Cfs
DEPTH S M

Flow from outfall into water body
Average cepth of water boday

R River & Estuacy

NEAR/FARS|DE 3 * Flag o 1ndicate location of receptor relative to outfali:
. Kearsioe = N; Farside az F

RIVER_FLOM 28315 M3/s * Votume flow rate of river; fresh-water flow of estuary
WiDTH 160 M ' Wwigth of river or estuary

B.2
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SAMPLE . USR Monday, 1992 June 8 7.53 Page 2
fite Created: friday, 1992 May 22 8.11

Aoditional parameters for estuaries

™
w

-

£

-
-

£88_fLow 2 m/s Flew speed of the ebb tide

€000 _FLOW 2 s Flow speed of the flood tide
TiZALPERICO 12,5 h Tical period 7 li

[EERRREEER Lake or reservoir
LAKE _vOL 1000 m3 ' volume ot lake or reservoir
NET_FLOM 10 cfs * Net volume flow rate
| EERREEEER Cosstal for Ocesns & Large Lakes
COASTAL_CURRENT 0.1 a/s ' Currant speed along coast
' END DILLTION

BEGIN CRITR

This block contains the parameter values describing the organisms of interest. Note that only spaces are

required betusen parameters. Where units are required, they must be entered.

Type and Naoz mus? be one word. X is distance from outfali frequented by organism. Dilutions in excess of that
calculated using one of the models may be entered for esch organism seperately. This is useful when the gilution
calculated is that of the dilution flow and an extra near-field dilution mey be applicable. Note that these
ditlutions sre mixing ratios and are C < ardt < or = 1. In most cases, however, this dilution value should be set to 1.
when no ditution mode!l is selected, X is not used, so it mey be any velue.

Typical values for the remaining parameters mey be found in Table 3. of the report.

I Type Name X Dilution Mass  Radius Diet Intake Rate Sediment Immersion Surface Roughness
Primary Fish I M 1 - . S em - - - .S 1 0 .2
] Crawdad 1M 1 - - 2o - .- - 1 ] 1 .2
Secondary ouck - P ] 1 1 kg S cm  PLANT 100 g/d .2 .3 .5 .2
Sec Duck-F 1M 1 1 kg S em FISH 200 g/d .2 .3 .5 .2
S Heron 1M 1 4.6 ky 10 ¢ FISH 600 g/d .3 [} .3 .2
Sec muskrat 1 1 1 kg 6 cm  PLANT 100 g/d .3 .3 0 .2
Sec Rcoon-C 1. 1 ¢ kg 10 oam CRUS 800 g/d .2 0 0 .2
Sec Rcoon-F 1] i 9 kg 10 cm FiSM 800 g/d .2 0 Q .2

END CRITR
-------------------------- NOL@S *--msecese-eciccscnnoncoroocacaconaaacooeacnnnns

tere are the acceptable unit designators. (Ncte that case is optional.) Program units are given first.

Length m f2 em km omi

Area m ft2 A acre HKa hectare

vaiume m3 L Liter o cz cm3 qt gat

Jdensity rng/m3  g/m3 g/emd

Mass kg ] :

! Speed, current vel, m/d m/s m/sec em/s cm/sec km/h km/hr mph  knot  f/¢
| ftow m3/d L/s t/sec L/d U/y cfs md/s m3/sec m3/y m3/yr gal/s galfsec
| Vime (holoups, faposure) d da day y yr year s sec h hr hour

!ntaxe Rares kg/d g/¢ ibs/d Lsd kgsy tory Uly

vater Concentration Basm3 Bast Cist Ci/m3 pCi/m pCi/t

Yelease rate Ba/¢ 8ass 8asy Ci/y Ciss mCizy WLizy

Acceptable names for primary organisms (only firsr characier significant):

Plant, Crustacesn, Mollusk, Fish (PCHF)

Jther names could be used provided they start with one of the key chracters.
Howaver, Care should be used in picking alternste names. For instance,
Crawaad will be accepted as a Crustacesn by the program; Clam will

also De accepted, but Clam would resutt in the wrong biofactor being used.

EOF -reeereecmmmnes End of File ==-reecroscmeecomsoeoaonaaoaaaaean,

B.3




SHORT ,USR Monday, 1992 June 8 7.52 Page 1
File Created: Tuasday, 1992 Mey 19 9.59

SHORT .USR This is the minimum version of the sampie user file
¢ Use a3 template for Hanford Cases.

BEGIN SETUP

TITLE Sample problem using short format,
BICFILE CRITBION.DAT 7 7

EVMERGYFILE  DFEXT.DAT

OUTFILE SHORT.CQUT
CAPRINT * o QA printout selected
QUTUNLTS RAD/D
"y
€0 SETUP
BECIN SOURCE
Co-40 49 peist 1
Sr-90 700 pCist 1
2n-45 3 pCisL 1
Ru- 106 T pCi/L 1
$8125 &3 pCisnt 1
END SCURCE
BEGIN DILUTION
HMOOEL X
SALINITY F L]
EXD OILUTION
BEGIN CRITR
lype Name x Ditution Mags Radius  Oiet Intske Rate Sediment Immersion Surface Roughness
4 Figh 1. ] - N S em . L .S 1 0 .2
4 Crawdad L] 1 . . 2 MM - .. 1 9 1 .2
H Ouck-pP A ) 1 1 kg Sem ? 100 9/d .2 3 .5 .2
H buck-F 1 1 1 kg Sem F 200 g/d .2 .3 .S .2
H Heron I 1 ~.6 kg 0em ¢ 600 g/¢ .3 0 .3 .2
s Muskrat 14 1 )] xg 6cm P 100 g/d .3 .3 4] 2
H Rcoon-C 1M 1 9 kg Wem ¢ 800 g/d .2 0 0 .2
H Rcoon-f 1M 1 9 kg 10 em ¢ 800 9/d .2 0 0 .2
END CRITR
EOF --cccrccnnmccncnnnn €End of File -----c--ccccicircicrnicircenacocn-. see
B.4
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SAMPLE . QuUT Morday, 1992 June 8 7.58 page !
Fite Created: Monday, 1992 June 8 7.57
Oul File Name: SAWLE.OUT  Created: 07:57 08-Jun-92 Page 1
USR file Name ang Kesder: SAMPLE . USR SAMPLE .USR This is the dNesder -- [t will be sutput to the output file

version of Program used: VvV 1.0 of 19-May-92

sceves  CRITR2 -- Aquatic Biota Screening Dose Rates ©*°=°°*

TITLE: Sesple problem using long formet.

Organism Dose Rates

Relesse FISH CRAMDAD puck - P pucx - ¢ HERONM MUSKRATY RCOON-C RCOON - F

Cizy eecesececncarciccocacacones Internal (rad/d) <<-ccveecccmceccececeanaen D T

C0-60 ... 3.6E-04 1.2¢-03 4.58-04 3.0¢-04 3.28-04 5.18-04 1.36-03 2.28-06
$SR-30 2.0e-03 4.1E-03 1.36+00 6.38-02 2.88-02 . 1.3£+00 3.8¢8-02 1.9€-02
2%-45 8.3¢-07 5.9€-0% 2.6E-03 1.7€-09 2.0£-03 3.1£-03 2.1€E-03 1.4E-05
RU- 106 8.2£-05 2.6E-04 8.5€-05 8.5€-06 5.7E-06 8.5E-05 1.2€-05 3.9€-08
$8-125 6.6E-05 2.5€-0% 1.7€-04 7.08-05 6.2¢-05 1.9€-04 2.1€-08 4.2€-05
Totalg «-+--->> 2.68-03 5.6€-03 1.36+00 4.38-02 2.88-02 1.3€+00 4.28-02 1.9€-02
City seemccicceccvenac.. Immersion or Surface (rad/d) -=-ccceccccmcctecnnecenancncnnan..

€0-60 --- 3.8£-06 1.9€-06 2.1€-06 2.1E-08 5.7¢-07 1.1€-06 0.0€+00 0.0€-00
SR-90 .o 0.0€+00 0.CE+00 0.0£+00 0.0E+00 0.0€+00 0.0£+00 0.0€+00 0.0E+30
2N-65 $.4E-08 2.7€-08 3.06-08 3.0€-08 8.12-09 1.6€-08 0.0E+00 0.0€+00
Ri- 106 .. 0.0E~0Q 0.0£+00 0.0€+00 0.0E+0Q 0.0€+00 0.0€+00 0.0£+00 0.0E+00
$8-125 .- 5.5€-07 2.7¢-07 3.0€-07 3.0e-07 8.2¢-08 1.6€-07 C.0€E+00 0.0e+00
Totats ~------ > 4.4E-06 2.2E-08 2.4E-08 2.4E-06 6.8E-07 1.3e-%¢ 0.0€+00 0.0€+00
Cily eemeeeeiesccesaiiceoianiaas Sediment (rad/d) =---cecccemccericennacnotrecaaacaccans

€0-40 ... 7.26-05 1.4E-04 2.9€-03 2.98-03 £.32-05 4.3€-05 2.9€-03 2.9€-05
SR-90 .-- 0.0£+00 0.0£+00 0.0E+Q0 0.0€+00 0.0€+00 0.0€+00 0.0E+00 0.0€+00
. IN-65 --- T.1€-07 1.4E-06 2.8€-07 2.86-07 4£.38-07 4.36-07 2.8E-07 2.8€-07
RU- 106 0.0E+00 0.0€+00 0.0E+00 0.0E+Q0 0.0€+00 0.0£+00 0.0€+00 0.0€+00
$8-125 L 1.28-05 2.3€-05 4L.7E-06 L.TE-06 7.0£-06 7.0e-06 &.TE-Cé L. 7E-06
Totals <------ > 8.5€-05 1.7¢-04 3.4E-05 3.4E-05 S.1€-05 $.1E-05 3.4€-05 3.(E-05
Grand Tozats »>>>> 2.6€-93 $.9€-03 1.3£+00 4.38-02 2.88-02 1.38+00 4.26-02 1.9€-02

B.S
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SAMPLE .OUT Morday, 1992 June 8 7.58 Page 2
File Created: Monday, 1992 June 8 7.57

OUT File Name: SAMPLE.QUT  Crested: O07:57 08-JUN-92 Page 2

USR File Name: SAMPLE.USR

9
version of Program used: v 1.0 of 19-May-92 72 2 l

Parameters and Wster Concentrations

No ditution modei used. .
Bloaccumutlation Factors for: Fresh No bioaccumuletion factor corrections used.

Release Outfsil
Concentration FISN CRAWDAD DUCK-P  DUCK-F  MERONM MUSKRAT RCOOM-C RCOOM-F

Distance (m) ] 1 1 ] 1 1 1 1

Mixing Ratio 1 1 1 1 1 1 i 1 .
Radive (cm) 5.0 2.0 5.0 5.0 10.0 8.0 10.0 10.0

Mass (kg) ----<---- .- .. 1.0 1.0 4.4 1.0 9.0 9.0

Intake rate (g/d) - - - 100 200 400 100 800 800

Diey c---eccmccrcnes. .. .- PLANT Fisk FISH PLANT CRUS Fisn

Transit Time (M) -- ] 0 -] 0 0 0 0

K. L. “eClfys  eeeees T i “-s Ci/m3 or WCi/mt so--n- B LR YRR TR
Co-6C s.2ny --- 4.9€-08 4.9E-08 4.9E-08 4.9E-08 4.9E-08 4.9€-08 &.9E-08 4.GE-08 4.9¢-C8
SR-90 912 ¢ .- 7.06-07 7.05-07 7.06-07 7.06-07 7.0%-07 7.06-07 7.0€-07 7.JE-07 7.CE-97
K-45 263.9 0 ee 3.06-09 3.06-09 3.06-09 3.06-09 3.0£-09 3.06-09 3.06-09 3.0E-09 3.0€-09
RU-106 .20 .- 1.16-08 1.1£-08 1.1£-08 1.1E-08 1,3£-08 1.)E-08 .1E-08 1.1£-08 1.1E-48
SC-125 2.77 ¢ .-- 4.36-08 4.38-08 4.3E-08 4.3E-0Y &.3£-08 &,3E-08 &.3E-08 4.36-08 4.3E-C8

Wote: internal dose retes are ICRP-2 whole-body doses.
External dose rates are based on humen effective dose rates as given in DOE/EH-0070.
Trangit times sssumed zero when dilution model selected as WONE.

B.6
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CRITR GA Printout ~-- User file: SAMPLE.USR
#0 Dilution Model used.
OFSWIM 0FSED FSCLD  FRUF 18 BUILOUP
2.18-10 1, 7E-10 4.9F-02 0.2 3.7¢402 3.4E+02
[RUC € NUKSTNS NS CONCRIT BIO K8 RINTAXE
1 ! Co-40 ¢ 1.86+03 3.38-0! 1.000 0.000
12 €060 C 1.86+03 2.06+00 1.000 0.000
13 Co-80 P 1.86+03 1.0£+00 1.000 0.100
1 & CO-80 f 1.86+03 3.3t-01 1.000 0.200
1 S Co-60 F 1.8£+03 3.38-01 1.000 0.4600
1 6 Co-860 ° 1.8£+03 1.08+00 1.000 0.100
1 7 C-60 € 1.86+03 2.08-00 1.00C 0.800
1 8 co-80 # 1.86+03 3.3£-01 1.000 0.800
OFSWINM DFSED FSOLD  PRUF i RITLOUP
0.0€+00 0,0€+00 6.9€-02 0.2 3.7¢+02 3.68+02
INUC X NUKSYHS NS .CONCRIT 810 K8 RINTAKE
2 1 SR90 ¥ 2.68404 5,08-02 1.000 0.000
2 2 sk-%0 C 2.68+04 1.0¢-01 1.000 0.000
2 3 SR-90 P 2.66+04 3.08+00 1.000 0.100
2 4 SR-90 F 2.68+04 5.08-02 1.000 0.200
2 5 SR90 ¥ 2.66+04 $.0£-02 1.000 0.600
2 4 SR-90 P 2.68+04 3.08+00 1.000 0.100
2 7 s € 2.6E+04 1,0¢-01 1.000 0,800
2 8 SR-9C F 2.68+04 $5.0£-02 1.000 0.800
OFSWINM OFSED FSOLD  FRUF i BU{LDUP
4.8E-12 4 18-11 6.98-02 0.2 3.7¢+02 2.38+02
INUC X NUKSTMS NS CONCRIT 810 XB RINTAKE
3 01 M-85 ¥ 1.1E+02 6.4E-02 1.000 0.000
3 2 265 C 1.1E+C02 1.0€+01 1.000 0.0C0
3 3 IN65 1.18+02 2.0€E+01 1.003 0.100
3 4 IN-45 F 1.16+02 6.4E-02 1.000 0.200
3 5 N85 F 1.1€+02 6.4E-02 1.000 0.600
3 6 IN-45S P 1.1E+02 2.08+01 1.000 0.100
-3 7 IN-65 € 1,1€+02 1.08+01 1.000 0.800
3 "8 65 ¥ 1.1E+02 6.4E-02 1.000 0.800
OFSWINM DFSED FSOLD  FRUf 8 8uIL0UP
0.06+00 0.0E+00 6.9£-02 0.2 3.78+02 2.68+02
INUC X NUKSTMS NS COMCRIT 810 K2 RINTAKE
4 1 RU-I106 F 4. 1E+Q2 1.0€-01 1.3500 0.000
& 2 RU-106 C &.1E+02 3.0E-01 1.000 0.000
&3 W06 P 4.16+02 2.0E+CO 1.000 0.100
4 &4 RU-106 F 4.1€+02 1.0€-01 1,000 0.200
& 5 RUSIS ¥ 4.€~02 1.0£-01 1.000 0.500
L 6 RU-I10E P & 1E+02 2.0E-00 1.060 0.100
L7 RU-I0S C L.1€+02 3.0E-01 '.000 0.300
“ 8 RU-105 ¥ 4. 16402 1.0E-01 1.000 0.800
DFSuiM DESED FSOLD  FRUF 18 8ulLpuP
J.LE-12 3.3E-11 6.9€-02 0.2 3.7e-02 3.28+02
INUC K NUKSTMS NS CONCRIT 810 X3 RINTAKE
S 1 S8-125 F 1.66+03 2.0e-0t 1.000 0.000
S 2 $8-125 C 1.46-03 1.0e-97 1.000 0.900
5 3 $B-i25 ¢ 1.68+03 1.0€+00 1.000 0.100
S & SB-125 ¥ 1.5€-03 2.0€-01 1.000 £.200
S 5 SB-125 £ 1.66+03 2.0£-01 1.000 0.800
S & S8-125 P 1.66-03 1.0e+00 1.000 0.100
S 7 s8-125 C 1.66+03 1.0€-0t 1.000 0.800
S 8 sB-12S ¢ 1.6E+03 2.0£-01 1,000 0.800

Notes £ Units:
Kantford biofactors used.

No bDioaccunsiation factor corrections used.

LAMOA Rod. Oecay constant 178
SFSULM {mnersion OF Sv/d per 8a
DFSED Sediment OF Sv/d per 3q
FSOLD Kuclice sed. buildup rate m3/m2-d
FRUF Rougnness factor .-

T8 Sed. Builduo time d
SUILOUP  Sed. Buildwp 8q-d/8q
TTRAKS Teansport time d

£xp Fractiona!l oecay ouring trans. --

STy

Run of: 08:02 08-JuN-92

TIRANS Exp

0.0E+00 1.0€+00
ECRIT 1810 F1 LAMC  MASS DOSECRIT
4.06-09 9.5 3.0E-01 0.06+00 0.0 3.65-06 f$ISK
3.3e-09 9.5 3.06-01 O0.06<00 0.0 1.28-05 CRAWCLD
6.0€-09 9.5 3.06-01 7.3£-02 1.0 4.SE-06 DUCK-?
6.08-09 9.5 3.0£-01 7.38-02 1.0 J3.0E-06 DUCK-¥
1.0C-08 9.5 3.06-01 7.38-02 4.6 3.26-06 NEROM
6.9¢-09 9.5 J.08-01 7.36-02 1.0 5.1E-06 ressxeatl
1.0€-08 9.5 3.0£-01 7.3¢-02 9.0 1.38-C5 mcoox-C
1.0¢-08 9.5 3.02-01 7.38-02 9.0 2.2¢-06 RCOOm-f

TTRANS exp

0.0¢+60 1.0€+00
ECRIT 1810 F1 LANC  MASS DOSECRIT
1.68-08 4000.0 3.05-01 0.06+00 0.0 2.08-05 FiIsn
1.68-08 4000.0 3.02-01 O0.02+00 0.9 4.15-05 CRAUMDN
1.68-08 4000.0 3.0E-01 2.4E-04 1.0 1.36-02 OuCE-»
1.68-08 4000.0 3.0E-01 2.4E-04 1.0 &.3E-04 OUCK-F
1.66-08 4000.0 3.08-01 2.4E-04 <.86 2.85-04 MNEROM
1.68-08 4000.0 3.NE-01 2.4B-04 1.0 1,3E-02 musres?
1.66-08 4000.0 3.06-01 2.48-04 9.0 3.88-04 RCOOR-C
1.65-08 4000.0 3.0E-01 2.4E-04 9.0 1,.9£-04 RCOOM-S

TTRANS Exp

0.0£+00 1,0£400
ECRIT 810 f1 LAMC MASS OOSECRIT
1.26-09 933.0 5.06-01 0.06+00 0.0 8.3E-09 FISH
5.36-10  933.0 S5.0£-01 O0.0E~00 0.0 S5.9t-07 CRAMDMO
1.26-09 933.0 S5.0£-01 3.6E-03 1.0 2.6E-05 oOuCK-»
1.26-09 933.0 5.06-01 3.6E-03 1.0 1.7E-07 DUCK-F
2.1E-09 933.0 S5.CE-01 3.6E-03 4.6 2.0E-07 MHEROW
1.48-09 933.0 S5.08-01 3.6£-03 1.0 3.1£-0% rmuskeat
2.16-09 933.0 S5.0£-01 3.6€-03 9.0 2.1E-05 RCOOM-Z
2.1E-09 933.0 5.0¢-01 3.66-03 9.0 1.4E-07 RCOOM-5

TTRANS Exp

C.0£+00 1.0£+00
ECRIT 1810 3] LAMC  MASS OOSECRIT
2.0e-08 7.3 S.0E-02 0.06-00 0.0 8.2E-07 FISH
2.0€-08 7.3 S.06-02 O0.0E«00 0.0 2.4E-04 CRACLS
2.0¢£-08 7.3 5.02-02 9.7E-02 1.0 B.5€-07 DUCK-?
2.0e-08 7.3 5.0E-02 9.7¢-02 1.0 B.5E-08 OUCK-F
2.1E-08 7.5 5.,0E-02 9.7€-02 4.6 S5.7e-08 MERON
2.0€-C8 7.3 S.0€-02 9.7¢-02 1.0 B8.S5€-07 MUSKRAS
2.1€-08 7.3 5.06-02 9.7€-02 9.0 1.2E-97 RACOON-Z
2.1E-08 7.3 S5.0E-02 9.7e-02 9.0 3.9£-08 RCOOW-*

TTRANS Exp

0.0£+00 1.05+00
ECRIT 1810 Fi LAMC MASS DOSECRIT
2.1£-09 3.0 V.CE-C1 O0.0E+00 0.0 6.6€-07 FiISH
1.68-09 38.0 1,0e-0% 0.06+00 0.0 2.5¢-07 CRAWOAY
2.1€-09 38.0 1.0£-01 1.9€-02 1.0 1.7e-06 OuUCY-»
2.18-09 38.0 1.06-01 1.98-02 1.0 7.0e-37 OouTk-*
2.8€-09 38.0 1.06-01 1.9€-02 4.6 6.2£-07 MNEROM
2.28-09 38.0 1.06-01 1.9€-02 1.0 1.96-C6 musSKoas
2.86-09 38.0 1.06-01 1.9€-02 9.0 2.1€-07 RCOOW-T
2.88-09 38.6 1,06-01 1.9€-02 9.C 4.26-97 RCOOm-¢

CoNCRIT Jater Concentration sa/m3

810 8ioaccum factor m3/kg

RINTAKE intske rate kg/d

£cryy Energy sbsorbed J/8q-a

1810 B8iological halt time -}

£1 Fraction to total body .

LARC Effective decay const. /@

MASS Organism mass 1 1]

DOSECRY Organism Dose Gysa

B.7

Py 3

et ey X

ARSEE

L S Ly S AR LI A B

000040

o=t
=3 s,

7291

eats -

ests -

eats PLAX
eats FlsSw
ests FisSn
eats PLAS
eats CRUS
eats FiSw

eats
ests -

eats PLAXY
eats Fisa
eats FISS
eags
eats
eate

crus
Flss

eats
ezts -

eats PLAX
eats FIS«
eats FISP
eats PLAR
ests CRUS
eats FIS«

eats -

eats -

eats PLAX
eats Fisrk
=ats FlSK
eats PLax
eats CRUS
eats FIS¥

eats -

¢ats -

eats PLAW
eats Flsx
eats Fis«
eats PLAN
eats CRUS
ests Fidn

B Tt



. 7271

CRITBICH.DAT Monday, 1992 June 8 7.5% Page !
file Created: Monaay, 1992 may 18 10.17

CRITBICH.DAT dantord Bioacumutation factors, numan 310 half-times, L 14 May 92 aAb
. Human Total-body retention fractions
R Fish---- ---Crustacean--- - Mollusgeses  coee- Plant----- 18I0 <F1-
' fresn Salt fresh Salt fresn Satt iresn Satt
R R e L/KQ soomeemoeier e ceger eeens
AL 33¢ 30 1000 1000 1000 1000 10000 1000 24000 0.001 Ac
AG 100 360 260 350 200 580 1000 1000 5 0.05 Ag
At 106 2500 100 360 100 290 3000 2900 20000 0.001 am
AR 1 1 1 1 1 1 1 1 0 0 Ar
AS 200 200 200 200 200 200 200 200 280 0.5 As
BA 200 10 200 H 200 20 500 100 65 0.1 8a
BE 10 1000 50 10000 S50 10000 200 10000 180 0.005 Be
8l 15 15 100000 1000 100000 100C 1500 10000 0.05 Bi
8x 50 50 500 500 20000 2C000 1 1 65000 0.001 B8k
[:34 L20 10 330 10 330 10 50 10 1 8r
+
4 c Q000 20000 9000 20000 9000 20000 4500 1800 10 )] 4
Py CA 200 2 2000 5 2000 1 1000 SO 18400 0.3 Ca
E e} 200 2000 10000 $S000 10000 10000 500 1000 200 0.05 ¢d
X CE 500 100 1000 S0C 1000 503 4000 5000 S63 3E-4 Ce
}: 4] 25 SO 1000 500 1000 200G $000 5000 65000 0.00v ct
2 e 50 1 50 : 50 1 50 1 29 1 ct
b ™ 30 2500 1000 L&0 1000 L0 10000 43000 24000 0.0C1 Cm
% 0 333 100 2000 2000 2000 3000 1000 400 - 9.5 0.3 Co
R 20 630 2000 500 2000 1140 4000 L4000 615 0.1 cr
cs 2000 100 100 30 100 30 500 T00 15 1 Cs
- (o8] 2500 1000 400 5000 40C 5000 2000 1C00 80 0.5 Cu
b4 b 25 500 1600 1000 5000 5000 1 1 760 3E-¢ Oy
& £R 500 100 1000 500 1000 500 4000 58C0 650 JE-4  Er
b3 £y 3100 300 3000 1002 3000 7000 $000 5602 635 9.001 Eu
P 7 15 ‘ 100 4 100 2 2 1 8cs 1 f
2 FE 20C0 3000 100 5000 100 30000 1000 50000 800 0.1 Fe
fé GA 1000 1000 10000 10000 10000, 10000 1 1 [ 0.001 Ga
S G0 500 580 2000 2000 5000 5000 1 1 S50 3E-4  cd
il N 1 1 1 1 1 1 1 M 10 1 ]
: e ] 40 1000 1000 3000 3002 1 1 563 0.002 «f
4G 25CC0 20000 20000 20030 20000 10000 34000 34000 10 1 Hg
“0 300 300 3000 1000 3000 1000 5000 5000 750 3€-4 Mo
! b1y i 100 | S0 100 50 300 15C0 120 1 i
iN 500 1000 10600 10300 10000 1000 H 1 2] 0.02 in
1R 50 20 200 100 200 109 200 100 20 0.01 tr
R 1 1 1 1 1 d 1 1 0 0 Xr
LA 25 30 1000 100 1000 100 Q00 300 500 7.00Y La
LT ~Co (A} 100000 eco 100000 5000 10000 10000 17 g.! L)
M i <3 100 206 10C 22 1000 H] S 0.8 Mo
~ A 1 1 * 1 H 1 1 90 1 R
N2 e ! *co 3.1 i) 2.3 100 1 b 1 Na
~3 ‘3 thld $d 50 $Q S0 $00 500 760 J.91  wp
&2 5 *oe 1046 1300 tcee 1600 $000 Tgee 656 JE-¢ N3
OH ‘oo 1C0 530 <06 sco sco 500 3000 87 3.05 W
(4 2s5€2 25C0 30 10 30 150 300 6 39000 $.001 wp
> ‘73 28000 100000 38000 1100000 45000 $00000 00000 257 0.8 ?
o 30 300 30 10 30 10 3co 50 41000 0.001 P
28 2000 220 500 1000 500 1600 2000 50000 16460 9.2 Pb
st 50 50 2000 300 2000 300 2000 20000 S 0.CC5 ¢d
L 300 500 3000 1060 3000 5000 5000 3000 656 3g-4 Pm
G 50 2000 20000 50000 20000 10000 2000 1000 30 0.1 Po
oR 25 120 1000 teco 1000 1000 $000 1000 750 3E-¢ Pr
Y] 250 1000 100 300 100 3000 890 3600 45C00 0.00Y Py
u 50 950 10CC 100 Hev) 100 30000 1000 2100 9.2 Ra
B 2900 560 1000 200 1000 200 1000 1000 133 1.8 Rb
Ead 19 9 303 100 300 1c0 200 100 0.4 9.95% Rh
N <7 i 1 M 3 M 1 1 3 9 N
L *ce 13 3G0 100 300 200C 20006 1200 7.3 2.05 L
H T 2 160 H 10 4 1 b 90 5.8 s
<3 %30 1080 100 1o e 1200 .coc 100 33 20 Sb
s2 el 730 1000 300 1000 1000CC 10000 1000 30 YE-4 Sc
N3 TG0 000 2000 5000 2000 5000 100 10CC " 9.2 Se
3 o0 SC050 10000 50000 1goce 5000 50000 $0C00 60 2. St
M 130 s0C 3000 1000 3300 $006 5000 5000 856 3E-5 Sm
N "800 STT00 16000 $0000 10000 $0000 50000 $2000 3% .22 sn
B.8
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SR 50 s 10C 1 100 <0 3000 300 4000 0.3 Sr
A 60 60 3000 3000 3c00 3oc0 i 1 250 0.U0t Ta
'3 25 60 1000 1000 1000 3cco $000 1000 670 3-¢ Ip
44 15 30 100 10 100 29 5000 $S000 1 0.3 Te
'€ 400 100G 6100 1000 6100 150 100 400 15 0.2 Te
M 100 600 100 1000 10 1000 3000 2000 $7000 26-¢  Ih
" 5000 5000 1000 1000 5000 $000 1 1 b 1 T
™ 500 500 1000 1000 5000 5000 1 1 875 JE-4  Im
u 50 $0 100 10 100 30 900 1000 100 0.05 u
v 1200 10 10 10 10 100 1200 100 1 0.3 w
XE 1 1 1 1 1 1 1 1 (] 0 Xe
Y 25 20 1000 1000 1000 1000 5000 300 14000 1€-4 ¥
Y8 200 200 1000 1000 3000 3000 1 1 685 34 Yb

: ba | 6 1000 10000 50000 10000 30000 20000 $0000 933 0.5 in
IR 200 S0 50 $0 50 50 5000 5000 [31/] 0.002 2r
‘Ref: 9Qiofactors: GENII BIOACH.DAT file Cated 7 Mar 90 by JKS. AS changed to 200, 18 May 92

. ' T810: NUREG-0172, 1CRP-2, ICRP-10
. Fi: ICRP-30 Parts 1 thru &
Ew ----------------------------------------------------------------------------------------------

B.9
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OFEXT.OAT --- Malflives, effective energies anc ..Juatic external OFs for selected nuclides --- 26 May 92 --- dAb
¢ Energies (Mev/dis) for various effective radii (em) of muscle {mmersion Sediment
. . mrem/y nrem/y
Ra0ius(cm) 1.4 2 3 ) 7 10 29 30 per WLi/m3 per uC1/m2
n-3 12.35 y .58 0053 .0058 L0058 L0058 .00s58 .0058 .01 2 0
c-14 S730 y .05 e} .05 .05 .95 .CS .05 .05 S J
§-13 9.965 m .538 .857 .587 646 .701 Negs .983 1.13 1.11E-00 1.956+02
F-18 109.77 m .235 .304 334 3ot L5484 .518 nz .26 1.08¢+0¢ 1.02€+02
NA-22 2.602 y .28% .32% .3a7 .507 .819 TS 1.20 1.51 2.53€-01  2.10£+02
%A-24 15.00 n T2 .m 868 1.05 1.23 1.48 2.19 2.74 $.16€+C1 3 56E-02
p-32 1£.29 ¢ 495 499 .895 695 .695 .695 .695 .695 0.0 0.0
AR-39 269 y L1946 194 L1994 19 194 194 . 194 A% 0.0 0.0
AR-41 1.827 A 519 541 576 .642 705 793 1.04 1.22 1.64E+01 1.15€+02
SC-&46 83.83 ¢ 197 .232 .290 399 .501 44 1.03 1.32 2.28E+0V  1.94E-02
cr-$1 27.704 d .00222 .00278 .00343 .0052¢9 . 00483 .00901 L0149 L0191 3.47E-61  3.41€-00
oe-54 3.5 ¢ 03464 L0514 0753 122 166 .227 .392 .512 9.42E+00  B.41E+01
»-56 2.5785 h 875 .04 951 t.04 1.13 1.2¢6 1.57 1.82 2.01€+0 1.60E+02
FE-5S 2.7y .00726 .00:26 .00726 00726 .00726 .00728 .0072¢ 00726 2.86E-G6  2.21E-02
FE-S59 £4.529 o an N 224 .286 346 .428 .655 .824 1.34E+0% 1.10E+02
£0-57 270.9 d .0390 0409 L0439 L0496 .0550 .0826 .0840 100 1.454€~00  1.43E-01
€0-58 70.80 ¢ .07e8 .090% 19 AN .226 .297 492 .633 1.C9E+01 9.87E+01
€0-60 5.2M y .195 .237 . 308 437 .560 732 .0 1.56 2.82£+01  2.27%+02
N[-&3 % vy L0176 0176 0176 L0176 L0178 L0176 L0176 .C178 0.0 0.0
Mi-45 2.520 K R 851 . .695 73 .762 .869 .949 6.2GE+00 <. 95€-01
Cu-54 12.701 h 2133 137 143 154 L1685 .180 .220 L2469 2.06E+00  1.95€+01%
2x%-45 263.9 d .0289 .0388 L0544 .084¢ 113 .153 261 342 6.58E+0C 5.4BE<0%
IN-49+0 13,76 h L0400 0477 .0603 .0842 .107 .138 221 .282 L.S2E-00  4.36E-M
2K-49 S7m .32 .32 .32 .32 .32 .32 .32 .32 8.52€-C 6.32€-C4
AS-76 26.32 h 1.1 1.1 1.1 1.1 1.1 1.1 1.4 1.1 L.T9E+0C 4. 27EO%
31-82 35.30 n 248 L 294 .368 .510 643 .828 1.33 1.70 2.94E+01  2.50€+C2
3r-83+0 2.39 n .383 .363 .364 364 364 .365 . 367 8.136-02 7.58¢-0%
8r-345 31,80 @ 1.30 1.34 1.39 1.47 1.56 1.67 2.00 2.25 2.21E-0%  1.59€+02
3%-35 2.87 m .04 1.04 1.0 1.04 1.04 1.04 1.04 1.06 7.53£-01  6.52£+00
CR-83M 1.83 .0438 L0432 L0438 .0438 .0438 L0438 .0438 .04138 1.206-03  1_iLE-0%
KR-85K L..8 b L265 L2468 .252 .260 .268 27 309 .33 1.826<00 1.80€-01
R-8S 10.72 y L2246 L224 .224 .26k W22 .225 .229 .225 2.438-02  2.3CE-O
XR-87 7%6.3a .20 1.24 1.27 1.34 1.41 1.50 .77 1.97 9.656~02  T.iCEsCH
KR-33 2.8« n RS 4TS .517 .599 677 . 786 1.09 1.33 2.65E-01 1.77e+02
RE-88 18.66 @ .56 L6568 671 N-Y{ .680 .687 .708 719 1.07e-00  8.99€+00
28-28 7.8 m 2.5 2.16 2.18 2.0 2.24 2.28 2.40 2.%9 7.72€-20  5.77€-01
3B8-39 5.2 m 73 .733 797 .919 1.03 1.29 1.64 1.58 2.46E~21 1.90£-02
$%-39 50.5 o L5864 564 564 564 .S64 564 .5564 .S64 1.55€-23  1.362-32
s2-30 9.2y V. 1,16 114 1.1 1.1 1.14 114 1.9¢ 5.2 3.3
S2-3 9.5 n .702 I .52 .812 .867 L9448 1.15 1.3 7. 738400 5. 7TE-M
5232 2.7 » 289 .272 .312 .38° (649 543 .30% 1.0 1,308-30 T NSE.S2
-3 “.0n 939 .939 939 939 .939 939 .939 .939 3.3 9.3
-9 971 m .0518 L0615 0773 67 138 74 .280 355 5.3CE-C0  $..6E-01
N $8.51 o .59¢C .550 Q1 591 .591 .59 .592 .592 L 06E-72  3.3E-N
v-32 3.5 A 1.47 1.5 1.48 1.49 1.51 1.52 1.57 1.61 2.358-05 2.628-01
v-33 10.1 A 1.3 1.:8 1.18 1.19 1.19 i.20 1.22 1.23 1.05e-20  8.55£+00
2R-79 a3.98 @ 227 .254 .287 .380 4S8 .565 .857 §.07 8.20€~0C 7. 47E-
R-37 16.90 n 763 778 . 802 .8L8 8N 951 (AR 1.23 2.24E-030  V.TLE-ON
%3-9% 3815 a L2747 .0908 .13 156 .97 .253 .&05 515 8.$6E-0C 7 TLE-ON
8-37 nRim .500 512 .532 570 . 606 .658 .7%0 .a87 7.3:8-0C  5.79:-01
%0- 990 6.0 n .419 .423 .&30 >3 457 ¥ .52¢ .561 1.736-9C  1_60€+01
TC-9OM 5.02 » J132 13 .138 133 .150 .153 .18 99 1.49€-00 L iBE-DN
ML 2.13E5 vy B- .08 .C84 .08s 084 .08 .oe¢ .084 &.186-0&  5.26£-05
IEERT | .2 m > &92 .503 .524 .5e3 .570 653 497 3.78¢+0C  ).£8&-01
’u-103-0  39.28 o 114 . 125 .140 . 168 194 .233 .328 309 5.24£+00  5.30€-01
25-105+0 “.sn A .508 .527 .583 .597 .6hs o .845 8-59€+50  8.05¢+0;
-1W0e-0 8.2 a Y.k 1,46 1.4 1.4 1.47 1.49 1.53 1.56 0.3 2.2
2=-12 35.34 .1%8 L15¢ .lo2 Y4 AR A .198 212 S.55€-27 B8.39t-4C
20090 13.827 n .389 .1e¢ .389 .389 .3a9 .390 .39 .39 T.ATE-SY 7 .tiE-02
AG-110M<D 2239 3 .ie3 .23% 3N 498 .593 .782 1.3C 1.08 3.07E-51 2.42£-02
2G- 11t 7.5 9 L3681 L3562 362 - .385 .37 372 378 2.34€-90
Sh-32¢ J.5e d 7o) 907 913 A .39 .32 2 .7% 2.71E-CY
$3-124 5.2 a 53 AN 94 o3 .739 N-7A] 1.24 1.5 1.76E-02
$8-°25 2.7 y 2% 113 .126 L350 73 205 29N 2353 L.63E~01
$8-°27 3.325 3 .33 IR ) Ry .518 .56 .629 722 .39 5. TPE-MN
B.10
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O b PPl it iy

4 TE- 125K 58 ¢ A8 Bk 112 12 12 113 .13 BirA 1.24€-01 2.1CE~00
z TE-32TH 109 d .00197 .00197 .00197 .00198 .00199 .00200 .00203 .00205 3.97e-02 4.70€-01
2 TE-127 9.35 h 223 223 .223 .23 223 L2 L226 .22 §.28E-02 5.12£-01
b TE-120Me0  33.5 g ,599 .601 .605 612 619 .627 .651 447 3.756-01 3.67E+00
z TE-129 69.6 m  .535 .538 .541 .548 .555 .563 .585 .601 5.96€-01 5.68E-00
=] TE-131M 30 h 269 29N 327 .396 460 .550 798 - 978 1.816-01  1.41E+02
TE-131 25.0 m 786 el .300 .87 .833 .855 916 961 4, T2E-00 4.36E01.
z T€-132 78.2 N 121 125 31 L1463 154 L1689 L2 262 2.63E-00 2.48£+01
E T€-133meD  S5.4 = .502 .542 605 el 840 .98 1.43 1.74 2.53Eeul  2.19E+02
4 TE-134 41.8 = 1% 7 122 .130 .138 148 ATS 194 9.64E+00 9.08E+01
A
: 1-129 1.57€7 y L0602 .0628 .0652 L0494 .0728 .0769 0844 .0872 1.07€-01  2.20€+10
3 1-130 12.36 h .388 %27 4% 611 el .81 1.3 1.61 2.36€+01  2.18€+02
A 1-131 8.04 d .208 .23 L2 LS .266 .93 368 422 4, 1TE~QC 4.04E+01
b 1-132 2.30 h .581 .624 693 826 .950 1.12 1.59 1.9 2.56€+01 2.29€+02
H - 1-133 20.8 A 87 478 497 .533 564 613 .738 .829 6.66E+00 6.16E+01
1-134 $2.6a .TT9 838 T 9% 1.12 1.29 1.53 2.19 2.67 2.98€+01 2.58€+02
< 1-135 6.61 h 481 514 566 667 761 .893 1.26 1.53 1.816+01 1.452+02
e XE-1314 11.9 d L1386 L1368 L1386 137 L137 137 138 .139 1.04E-01 1.83E+00
by XE- 1334 2.188 d 176 an are .180 182 184 191 .196 3.37E-01  4.15€-00
ES XE-133 5,245 ¢ .137 137 L138 140 RT3 L¢3 .18 152 4.19€-01  5.086+00
< XE-135M 15.29m 118 L1286 139 143 .186 .217 .302 .363 4.67E-00  4.43E01
= XE- 135 9.09 n .330 .335 382 .355 .388 .38 434 489 2.74E+00  2.71€-01
= XE-137 3.8, a 1.48 1.68 1.68 1.69 1.70 1.7 1.7 1.76 2.07€-00  1.89€+01
Z xg-138 14.17 = 508 527 .562 .4630 694 T84 1.04 1.3 1.36€+01  1.05E+02
: Cs-13ex 2.90 h 0483 L0496 L0517 0558 .0%97 L0852 .0805 L0922 2.40E-01  2.87€+09
5 cs-3134 2.062 vy .230 .259 .306 .39 .480 596 913 1,16 1.736+01  1.58£+02
: €s-13% 2.3e6 y .058 058 .058 .058 .058 .058 .052 058 0.0 0.0
< cs-136 3.1 d .233 .27 337 .458 573 732 V.17 49 2.44E-01 2. 14E-02
K €5-137+0 30.0 y 257 267 284 316 5173 .388 .500 .582 6.586+00  6.11E+01
% cs-128 32.2m 1,18 1.22 1.27 1.38 1.48 1.82 2.02 2.32 2.76€~01  2.15E-02
A cs-139 9.4 m 1.81 1.61 1.62 1.64 1.68 1.68 1.7 .79 3.61E+00 2.73E+0
% BA- 139 82.7 m 927 927 .929 931 .933 .936 K3 .950 4.01E-01  3.88E+00
2 BA-140 12.74 ¢ .38 320 .328 L343 357 376 428 L4685 2.056+00 1.96E+01
e BA- 141 18.27 a 1,10 1.1 1.12 1.16 1.19 1.3 1.36 1.44 1.00E-01  8.54E+01
= BA- 142 10.6m .601 622 656 T2 .783 .8469 1.10 1.28 1.02e+01  B.82E-01
¢ LA-140 40272 & .698 Beld 793 .907 1.01 1.16 1.58 1.89 2.66E+01  2.13E02
LA- 141 3.93 h .966 .967 .967 .969 .970 e .77 .98% 4.83E-01  3.79£+00
& LA- 182 9NR.5m 937 973 1.03 1.14 1.25 1.40 1.82 2.14 3.386+01  2.44E-02
; CE- 161 32.%01 ¢ AT AT i .1 . 187 Rl .209 8.716-01  8.7BE-CO
2 CE- 143 313.0 n .420 626 433 .453 .470 493 .555 .601 2.89€-C0  2.85€-0%
=1 CE-164eD 284.3 @ 1.32 1.32 1.32 1.33 1.33 1.33 1.3¢ 1.35 2.08E-01  2.14E-00
t 2% - 143 $3.56 ¢ 2318 3 B3 3 J31e 313 31 537 9.93e-38  9.06€-37
I PR 144 17,28 m 1.23 1.23 1.23 1.26 1,24 1.24 $.24 1.25 3.BAE-I1  2.9BE-0D
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