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1. Caseous Effluents

1.1 Alars/Tris Setpcints

Specification 3.11.2.1 requires that the dose rate in unrestricted
areas due to gasvous effluents from the site shall be limited at all times
to the following values:

1. 500 mrea/y to the total body and 3,000 mrem/y to the skin froa

noble gases.

2. 1,500 mre=/y to any organ fro= radioiodines and partfszulates.
Specification 3.3.3.10 requires gaseous effluent monitors to have alarz/
trip seipoints to enmsure that the above dose rates are not exceeded. This
section of the ODCY descrides the methodology that will b~ sed to determine
these setpoints.

The methodology for deterzining alar=/trip setpoints i{s divided in:o
tvo major parts. The first consists of backecalculating from a dose rate
to a relcase rate licit, 4= uCi/s, for each nuclide and raletsc poiaz. The
second consists of using the release rate limits to deteraine the physical
settings on the conitors.

1.1.1 Relezse Rate Licit M'astodaloey = uCi/s

Step 1

The first sgcp involves calculating a dose rate based on the desizn
obj.u"! e source tern mix vsed in ‘rvendix I licensinn caleulations, Hiztorical
veteoroleogical data 1sed <= ~icensing are also used in this calculazion.

Doses are deterzized for (1) roble gases and (2) {odines and parsiculates.
Depending or the pathwvay invelved, either air concentrations or ground

concentraticns are caleulased,



A. Equatfoas a=d assu=ptious for cileulating doses fros noblclgascs

are as follews:
ssi=pticss

1. Doses to be calculated are total Sody aad skin.

2. Exposure pathvay {s suboersica within a cloud of coble gases.

3. Foble gas radionuclide cix is based o2 the historically observed
gource ter= given in Table 1l.1.

4. Basic radiozuclide data are givez ia Ti;lc 1.2.

5. All releases are treated as olevated.

6. Meateorological dara are expressad as a joizt-fregquezcy distribu-
ticn of vind speed, vind direczicz, a=d atzospharic ssability for
the period (Table 1.3).

7. Rav ceteorological data comsis: of wi=d spees a=d direction
seasureseats at 256 ft and temperatures at S50 ft and 250 ft.

8. Dose {s to be evaluated at the o!!si:c,¢:7osgrc poiat wvhere
paxizi= conceatrations are exjected to exist.

9. Poteatial zaxi=us-exposure PCIZI5 are identified in Table 1.k,

10. A seai-i=finite cloud codel is uses.
de credit is takea for shieldiz; ir resicezce (factor of 0.7).

12, Plize depletion and radicactive dazar ave considered.

13. A sector-average ¢ispersioa equazics is used.

1L, The vind speed classes that are used are as fcllovs:
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Wind Speed
Number Ranee (o/s) Midpoint (=/s)

<0.2 0.13
0.3-0.6 0.45

007-105 1-10

2.5-3.3 2.80

3.4-5.5 .45

b §

2

3

4 1.6-2.4 1.99
3

6

7

5.6-8.2 6.91

8 10.9 13.00

The sta®ility classes that vill be used are the sta=dard A
through G classifications. The stadilicy classes 1-7 +ill
corraspozd to A=l, 3=2 , ., ., GC=7.

16, Terrain effects are not cocsidered.

Equatic=s

To calculzte the dose for any cae of the 15 poteatial maxizim-exrosure
points, the following equaticns are used.

For caterzizing the alr coaceatrztion of 22y rvadicauclide:

9 7
. (2=x/n)
J-l e o

vhere

Xy ® air cozceniraticn of radfemucslicde i, uCi/m’
‘jk ® Joint relative frequency of occurrence of vinds in vindspeed
class j, stadility class k, Slowing tovard this exvosure

point, expressed as a fracticn.
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Qi = average release rate of radionuclide &, uCi/s.

p = fraction of radionuclide reaaining in pluce.

verticil dispersion cocfficient for stability

class k (m)

midpoint value of wind speed class interval j, a/s.
dowvnwvind distance, o.

punber of sectors, 16.

li radiocactive decay coefficient of radionuclide i, s .,

2nx/n = sector width at point of interest, =.

For determining the total body deose rate
b -

DTB xi DFB

i
vhere B
DTB total body dose rate, mrem/y.
xi air concentration of radionuclide {, uCi/a’l.
" total body dosc factor due to gamma raliatien, mrem/y
per uCi/m? (Tadle 1.5).

For determining the skin dose rate

x1 (Drsi + 1.11 hryi]




skin dose race, mrea’y.
alr coocentration of radionuclide 1, uCi/m’.

skin dose factor due to beta radiation, mrem/y per

pCi/m’ (Tadle 1.5).

the average ratio of tissue to air energy absorption
coefficients, orem/mrad.
gamma-to-air dose factor for radionuclide {, srad/y per
¥Ci/a’ (Tabdle 1.5).

Equations and assumptions for calculating doses from radioiodines

and particulates are as follows:

avars
meteorological
speed and di

asurements at
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wnere maximum
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Terrain effect
Building wake effe
Plume cepletion and

concentration calculations.

rnadioactive decay is considered for ground-concentration

calculations.
Depositicn is calculated based on the curves given in Figure 1.1.

Milk cowvs and goa

May through

To calculate the dose for any one of the potential @aximun-cxposure
points, the following equations are used.

1. Inhalation

Equation for calculating air concentration, X, is the same as in

the Noble Cas Section, 1.1.1.A.

For determining the organ  dose rate;:

& B
DI 1x10 Xy DFIL ER




where:

Sy

in

Organ dose rate due to inhalation, mrea/y.

air concentration of radionuclide i ‘"’/ﬁB.

DFIi = {nhalation dose factor, mrem/pCi (Table 1.7
BR = breathing rate 1400 m3/y. infant; 3700 mzy, child; or 8000 :B/y adult
5 lO6 = pCi/uCi conversion factor.
2. Crouad Conta=inction
For detercining the ground concentraticn of any nuclide:
7
C* - 3.15x107 R EE_?i "R (l-exp -(X1 tb)] (1.5)
Qnx/n) A,
vhere 1
Ci = ground concentration of radionuclide £, uct/a’.
k = stabilizy class.
fk = joint relative frequency of ociurrence of winds in stabilizy
class k blowiag towvard this expsesure point, expressed as a
fraction.
Q1 = average release rate of radionuclide {1, uCi/s.
DR = relative deposition rate, m ! (Figure 1.1 for DR/2nY).
x = downwind distance, m.
n * nu=ber of sectors, 15.
2-x/o = sector width at point of interest, m.
l‘ = radioactive decay coecfficient of radionuclide &, g ',
tb e tize for buildup of radionuclides on the ground, 33y.
3.15x10" s/y conversion factor.
N Ty, M Rl d




For deter=iaing the total body or organ dose rate from ground ccntamination:

(8,760) (1x10%) G, DFG, (1.6)

i

dose rate due to ground contaaination, mrea/y.
ground concentration of radionuclide {1, uci/m?.
dose factor for standing on contaminated ground, mrea/h
per pCi/a? (Table 1.8).
occupation tize, h/y.
1x10* = pCL/uC{ conversion factor.

Milk Ingestion

For deternining the concentration of any nuclide (except
€C-14 and H-3) in and on vegetation:

7
fk Qi o r{l-exp (=As te)] +

(2™x/n) Y A

CV1 = 3. 600
v Ei

Biv [1-exp (-Xi :b)]

P A1

concentrat.ion of radionuclide { in and on vegetation,
pCi/kg.

stability class.

frequency of this stability class and wind direction
combination, expressed as a fraction.

average relcase rate of radionuclide 1, uCi/s.




P =

relative depositicn rate, a? (Figure

downwind distance, =m.

pucber of sectors, 16.

sector width at point of interesc, =.

fraction of deposited activity retained on vegetation
(1.0 for {odines, 0.2 for particulates).

effective ;e:oval rate constant, A - Ai - Xv, wvhere A

EL

is the radicactive decay coefficient, h ', and Xv is a

i

measure of physical loss by weathering (\U = ,0021 b V),
pericd over which deposition cccurs, 720 h.

agricultural yield, 0.7 kg/=l.

transfer factor from soil to vegetation of radiocnuclide
1 (Tadble 1.9).

radicactive decay coefficient of radionuclide - 8 Lt
tine for buildup of radionuclides on the ground, 3.07x10°%
h (35y).

effective surface density of soil, 240 kg/a’.

3,600 = s/h conversion factor.

For determining the concentration of C-14 in vegetation:

vhere

cvlc

Vg

X14

« 1x10°’ Xy, 10.11/0.16)

concentration of C-14 in vegetation, uCi/kg.

air concentration of C-14, uCi/m?.

fraction of total plant mass that is natural carbon.
concentration of natural cardbon in the atmosphere,
g/n’.

g/kg conversion factor.




For deter=ining the concentration of H-3 {n vegetation:

e

= 1x10°? Xp (0.75)(0.5/H)

vhere
cvr concentration of H-3 in vegetaticn, uCi/kg.
X air concentraticn of H-3, Ci/a’.
fraction of total plant mass that {s water.
ratio of trictiua concentration in plant water to tritium
concentration in atzospheric water.
B = absolute humidity of the ataesphere, g/a’.
1x10? = g /g conversion factor.
For deternining the concentration of any nuclide in cow's or
o1 = cv, FHi Qe exp (-Xi tf)

‘concentration of radionuclide i (including C-14 and H-3)
in ailk, pCi/l.
concentration of radionuclide { in and on vegetation,
pCi/kg.
transfer factor from feed to milk for radionuclide 4, 4/1(Table 1.6).
aoount of feoed consumed by the milk animal per day, kg/d.
radiocactive decay coefficient of radicnuclide g, 47,
transport time of activity from fecd to milk to receptor,
2 davs.

For determining the organ dose rate from incestion of green leafy vegetables

milk:

= 1x10°




Organ dose rate due to ingestion
concentration of radionuclide {

(or liters)

ingestion dose factor,

pCi/uCi conversion factor.

Orzan Dose Rates

For deterzining the total thyroid dose rate from icdines and

particulates:

D= DI + DG + DV + Dv

® total organ dose rate, srex/y.

dose rate due to inhalatien, crez/y.

dose rate due to ground contazination, cre=/r.

- dose rate due to nil izgestion, crea/y.

D, = dose rate due to vegetable i tion, mrem/y
The céx 3 o

f2ua ' Gran  dose Tate npmaximum t 1 body dose rate, and maxirum skin dcse

rate calculated in this step will be used in step 2.

5. Design Basis Quantities

The design basis quantity of a radionuclide emitted to the atmosphere
is the amount of that nuclide, when released in one year, which would
result in a dose not exceeding any of the followin
a) 20 millirad beta dose in air at ground level beyond the site
boundary from noble gas
b) 10 millirad gamma dose in air at ground level beyond the site
boundary from noble gas
¢) 15 millirem to any organ of an individual from jodines and particulates
d) 15 millirem to skin of an individual from noble gas

e) 5 millirem to the total body of an individual from noble gas




Design basis quantiti
(a through e, above) by
result then is multiplied
calculate the doses of

Dar (c.)

- ‘~e
')
c
= Appendix I dose limit (mrem
= Calculated
¢
DBQ

: $ {+3 3 ) 3 - gtmosthere
Design Basis Qus A the at

WUS »

are given

Step 2
The dose rate licits of i{nterest for se
Total body = 500 mren/y
Skin = 3,000 mrez/y

Maxizu= Organ = 1,500 crez/y

Dividing the above lisits by the aprropriate dose ca

lculated in step 1
yields a useful ratio.

Dose li=i:
Dose step 1
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This ratio, R, represents how far above or below the guidelines the step 1
calculation was. Multiplying the original scurce term by R will give release
rates that should correspond to the dose limits given above.

Appropriate release rate limits in WCi/s for each nuclide will be provided
for use in establishing monitor setpoints. The setpoint for each gaseous
effluent monitor is established using plant instructions. Release rate
limit, principal gamma emitter, geometry and detector efficiency are com-
bined to give an equivalent setpoint in counts per minute (cpm). An

added safety facror is applied if necessary to account for radionuclides not
detected by the monitor, variations in flow rates, or monitor background
fluctuations. The physical and technical description, location and
identification numter for each gaseous radiation detector is contained in
plant documentation.

1.2 Monthly Dose Calculations

Dose calculations will be performed monthly to determine compliance
with specifications. These specifications require that the dose rate in
unrestricted areas due to gaseous effluents from each reactor at the
site shall be limited to the following values:

For noble gases,
1. During any calendar quarter, 5 mrad to air and 2.5 mrem to an individual

for gamma radiation and 10 mrad to air and 7.5 millirem to skin of an
individual for Yeta radiation.

2. During any calendar year, 10 mrad to air and 5 mrem to an individual for
gamma radiation, 20 mrad to air and 15 millirem to skin of an individual
for beta radiation.

For jodines and particulates,
1. During any calendar quarter, 7.5 mrem to any organ.

2. During any calendar year, 15 mrem to any orpgan.

o B



This section of the ODCM describes the methodology that will be used
to perform these monthly calculations.

Doses will first be calculated by a simplified conservative approach
(step 1). If these exceed the specification limits, more realistic
calculations will be performed (step 2.)

1L
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Step 1

Doses will be calculated using the methodclogy described in this step. The
method utilizes a limiting dose concept such that the limiting Aose for each
nuclide is summed with the limiting dose for each other nuclide, regardless if such
sum is physically possible.

As such, the method is highly conservative and significantly overestimates

dogse. 1If limits appear to be exceeded by this method, step 2 (a concise method,
but requiring computer support) will be performed.

Assumptions

l. All assumptions of Section 1.1 are utilized

2. Limiting doses for each gaseous nuclide are summed, regardless of limiting
decay mode {(gamma or beta)

3. Limiting doses for each particulate and iodine nuclide are summed, regari-
less of dose point location, exposure pathway or organ affected.

L. Doses are summed for detected nuclides such that all nuclides which contri-

bute greater than 10% individually or 25% in aggregate, to the released

radioactivity, are included in the dose calculation.

Equations

For determining gaseous effluent dose:
i

D; = ZAiG(Dc/Cc)ic < S5 millirvad/quarter, 10 mrad/yr
)

Vhere D. = Dose from gaseous effluents (mrad)

G
A = Quantity of gaseous nuclide i released (Ci)

(Dc/cc)ic = Dose per Ci factor for gaseous nuclide i (mrad/Ci)

The limit for this mixture is conservatively taken &s that for gamma exrosure
(5 mrem/quarter, 10 r -em/year) althourh as indiceted in Table 1.9, & majority
»f the g= ous effluints are beta-limiting and on an individual basis have

he higher limit of 10 millirem/quarter and 20 millirem/year.
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2. Liquid Efflucnts

2.1 Concentratien

2.1.1 RETS Recuirement

Specification 3 9.2 of the Radiological Effluent Technical Specifi-
cations (RETS) requires that the concentration of radiocactive material
released at any time from the site to unrestricted areas
shall be liaited to the Maximum Permissible Concentration (eC)
specified in 10CFR20, Appendix B, Table II, Column 2 for
puclides other than dissolved or entrained noble gases. For dissolved cor
entrained noble gases, the concentration shall be limited to 2x107" pCi/ml
total activity. To ensure compliance, the following approach will be usecd
for each reclease.

2.1.2 Prerelcase Analvsis

Most tanks will be recirculated through two volume changes prior to
sampling for release to the environment to ensure that a representative
sample is obtained. The appropriate recirculation time for those tanks
too large to provide two volume changes will be the time that the sus-
pended particulate concentration reaches steady state. A one-time
test or prior sampling data may be used to determine approoriate re-
circulation time.

Prior to release, a grab sample will be analyzed for each release, and

the concentration of each radionuclide determined.

n
cj - c‘ 2.1)
wvhere: f=T‘

Fj ® total concentration in the iiquid effluent at release
point j, uCi/ml.

bt ® concentration of radionuclide {, pCi/ml. = 4 £ &




2.1.3 MPC-Sum of the Ratios

The sum of the ratios (Rj) for each release point will be

calculated by the follewing relationship.

Cc
R & e

j W,

vhere:
C1 . unJiluted effluent concentration of radionuclide 1. &8
deterzized in Section 2.1.2, uCi/al.
x?C1 ® the MPC of radionuclide i, as specified in Section evded,
pCi/nl.

!j = the suz of the ratios for release point j.

-

The sum of the ratios at the discharge to the lake must be < 1 due to the releases
from any or all concurrent releases. The following rela.ionship will assure this

criterion is met:

fl(Rl-l) + IZ(R2-1) + fa(Rs-l) + 54(3“-1)‘5 F

vhere:

¢ ae
fl'fZ"J“L ® The effluent flow rate (gallons/minute) for the

respective releases, determined by plant personnel.

- ™ o :
the sum of the ratios of the respective releases

as determined by Equation 2.2.

minimum required dilution flow rate,

2.2 Instri-eat Set=sints

2.2.1 Sct=0in: Deter=imicion




The setpoint for each liquid effluent monitor will be established using
plant instructions. Concentrationm, flow rate, dilution, principal gamma
emitter, geometry and detector efficiency are combined to give an
equivalent setpoint in counts per minute (cpm). The physical and technical
description; location and identification number for each liquid effluent

radiation detector is contained in plant documentation.

The respective alarm/trip setpoints at ecach relcase point will be sct
such that the sum of the ratics at each point, as calculated by Equation
2.2, vill not be exceeded. The 33 is directly related to the total
concentration calculated by Equation 2.1. An increase in the concentra-
tion would indicate an increasec in the respective Rj' A large increase
vould cause the linits specified in Section 2.1.1 to be exceeded. The
" minioum alarn/trip setpoint value is equal to the relcase concentration,

but for case of operation it may be desired that the setpoint(s) be set

above the effluent concentration (C,). That is,

J
Sj - bj x CJ . (2.4)

Liquid effluent flow paths and release points are indicated in Figure 2.2.

£

L .

4 .f:".li'.-: '..,

Y

e : e
gt
B vy
r“;\‘« =X S
| S

v. o "qﬂ'
. }ﬂf-"
-n.v_,‘::
L35
St
S
f



2.2.2 Post-Felease ‘nalvsis

A post-release analysis wvill be doce usicg actual release daza o
ensure that the lizits specified ia Sectioa 2.1.1 vere not exceaced.

A cozposite list of comcentraticas (Ci). by disctepe, will Se usel
wvith the actual liquid radvaste (f) a=d diluzica (F) flow races (or vali=es)
during the release. 7The data will be sudbsti:zulad into Equatica 2.3 22
dezonsirate cozpliaac2 with the lizi:ss i3 Sestiea 2.1.1. This <aza a=d
setpoints will de recorded in auditadle razerds by plant perscz=el.

2.3 Dose
2.3.1 RETS Reguirement

Specification 3.9.1 of the Radiological Effluent Technical Specifi-
cation (RETS) requires that the quantity of radionuclides released be
limited such that the dose or dose commitment to an individual from
radiocactive materials in liquid effluents released to unrestricted
areas from each reactor (see Figure 2.2.) will not exceed:

a. During any calender quarter 1.5 mrem to the total body and 5 mrem
to any organ, and

b. During any calendar year 3 mrem to the total body and 10 mrem to
any organ.

To ensure compliance, quantities of activity of each radionuclide re-

leased will be summed for each release and accumulated for each

quarter as follows:

2.3.2 Release Analvsis

Calculations shall be verformed for each batch release, and weekly

for continuous releases according to the formula I Ai/Ci < 0.5

where A1 = cummulative quarterly activity of nuclide i identified
in 1iquid release (Ci)
Ci = Design objective annual quantity of radionuclide i from
Tadle 2,2,
Radionuclides may be omitted from the summation if they fall under the
criteria of allowed omission specified by Note 5 to Appendix B, 10CFR20.
Values for the design basis quantities (Ci), and the dose per Cyrie . Syl g |
(Dc/cc)iL for each nuclide i shown in Table 2,2 , were calcu asih : i
follow::




2.3.2.1 Water Inrestion

The dose to an individua

following equaticn.

where:

D, = dose for the

J

 ® the organ of i
J

DCF,, = adult ingestion

i)

organ from

: s -
‘...b:;\.ei o1

= days
th

annual activity released of i~ radionucli

» LAVHUC L L

average rate of

~ . Awinkdne~
nearest Arinking

2.3.2.2 Fish Inrestion

The dose to an individual from
Equation 2.13. In this

is descridbed by
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where:
A, = Annual released of 1th radionuclide, iCi

Bi = Fish concentration factor of ith radionuclide ggi/rm

uCi/mi,
see Table 2.0.

F = Amount of fish eaten per day (57.5 gm)

15 = Dispersion factor from discharge to fish exposure point
= dilution water flow, year to date (ml)

t = Days to date of release (to adjust F for period of

calculation)
The dose eguation then becomes:
i
Dg = 3.8¢ A, x B, x DCF; mrem (2.15)
d
’
i=1

2.3.3 Annual Analysis

A complete analysis utilizing the NRC computer code LADTAP with the
total source release will be done annually in conjunction with the annual
environmental report. This analysis will provide estimates of dose to the
total body and various organs in addition to thyroid considered in the
method of Section 2.3.2. The following approach is utilized in LADTAP:

The dose to the Jth organ from m radionuclides, D,, is described by

J ’
m
D’ - D‘J. rem (2.16)
i=1
"
- (DCP)11 x !L' Tem (2.17)
=1

wvhere:

D‘J.- dose to the Jth organ fros the ith tadionuclide. rez.
J = the organ of interest (bone, CI tract, thyroid, or total
bedy).
(DC?)‘J ® adult ingestion dose co=—itcent factor for :hc,jth

organ froa the ith radicnuclide, re=/.Ci, sce Tadle 2.1.



2L

I, = activity ingested of the {*® radionuclide, uCi

I1 for watcr ingestion is described by
A, Vt
I. » % 3
1 Sy Wi (2.18)
and for fish ingestion Ii is described by
A, B, Fr
5. ®* %%
i g s Wi (2.19)
where

Ay = activity released of 3*P redionuclide during the year, i

<
"

average rate of water consumption (730 ml/d).

¥ number of days during the year (365 d)
= dispersion factor from point of discharge to point of exposure.
dilution water volume (ml)
th i/egm
i = fish concentration factor of the i radionuclide, {%E7§%

o W A C A
L]

= amount of fish eaten per day (57.5 gm)

2.4 Operability of Liquid Radwaste Ezuirment

Specification 3.3.5 of the Radiclogical Effluent Technical Specificaticns
requires that the liquid radwaste system be used to reduce the radioactive
materials in liquid wastes prior to their discharge (by recycle or shipment
for disposal) whenever liquid effluent releases to unrestricted areas (cee
Figure 2.1) would exceed Specification 3.9.1. Maintaining the cumulative
fraction of allowable release for each batch release and weekly for

continuous releases assures compliance with thic requirement.




Huclide

I131
1133
1135
Cs 134
Cs 137

Bala 140

Mn 54
Co 60
Co 38
Xe 138
Kr 87
Kr 88
Kr 85m
Xe 135
Xe 133
Xe 140
Kr 90
Xe 135
Kr 89
Xe 137
Xe 135m
Kr 83m
Xe 133m
Xe 131m
Kr 85

N 13

H3
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BASIC RADTONUCLIDE DATA

TABLE 1.2

T
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Sectcr(z)

ENE

SE

SSwW

WSW

(1) C = cow
G = grat
M = peat

anizal

TABLE 1 .k

BIG ROCK POILT PLANT

LOCATION ChaRT For ITEis'Y) nimommacr o
CALCULAYION OF DOSES TO INDIVIDUALS

DISTANCT (MILES)

0 -1

)
)
)

R = residence

V = vegetable garden)

(2) Secters not listed are entirely over water out to S mile

w2

R,V(1.3)

R,V(1.3)

M (1.75)
R,V(1.6)
C (1.7%)

R,v(1.6)

R,V(1.5)

R,V(1.5)
G (1.5)

2-3 3 -4 L-s
R,V (2.5) R, V A
R, V. ¢ (3.5) R, v
G (3.25)
M (3.75)
R, V
M (2.5) R, V R, V
R, V
c (2.25)
c (2.25) R, V R, V
R, V
G- (3.0)
M (2.25) R, V c (L)
R, Vv ¢ (3.%) R, V
R, V R, V -
R, V R, V -
H,V(2-5) R. v R’ v
R,V(2.75) e et

Numbers in perentheses are distance:s
in miles from reactor.

A vegetable garden is assured at ezch
residence. For purposes of calculzticns,
beyond 2 miles, & residence may bde locate:
in sector annulus at location of nishest

calculated dose. Therefcre, distances
are not given. . it il Sl
y — 0TS [T 1702
JQh;rore.. Fa 'y




DISTANCE
(MILFS

2.-25

1.5

1-15

TABLE 1,b

BIG ROCK POINT PLANT
CURRENT LOCATIONS OF MAXIMUM DOSE

NORMAL X/Q

DIRFCTION DESCRIPTION (s/m3)
E Max residence, garden 2.98 x 1077
SE Max milk cow 1.65 x 107"
SSW Max milk goat 9.h x 10‘8
SE Max meat animal 1.38 x 10-7

DEPOSITION D/Q
(1/m?)

2.48 x 1072

1.03 x 10~

5.8 x 10710

9.67 x 1010

FRp—




Lr-85a
Kr-85
Ke-87
Kr-88
Rr-89
Xe~131ln
Xe-133a
Ze-133
Xe-135a
Xe-135
Xe-137
Xe-138
Ar-41

porst o'

1.17(+3)°
1.61(+1)
5.92(+3)
1.47(+4)
1.66(+4)
9.15(+1)
2.51(+2)
2.94(+2)
3.12(+3)
1.81(+3)
1.42(+3)
8.83(+3)
8.84(+3;

ASLE 1.
DOSE _FACTORS FOR SUIMERSICY 1Y XOBLE CASES

1.21(+3)
1.69(+1)
6.05(+3)
1.50(+4)
1.59(«4)
1.53(+2)
3.17(+2)
3.46(+2)
3.30(+3)
1.88(+3)
1.48(+3)
9.00(+3)
9.76(+3)

_brs? pr:?

1.46(+3)  3.86(+3)
1.34(+43)  3.83(+3)
9.73(+3)  2.01(+4)
2.37(43)  5.72(+3)
1.01(#)  1.88(+4)
4.76(+2)  2.18(+3)
9.94(+2)  2.90(+3)
3.06(+2)  2.06(+3)
7.11(+2) 1.45(+3)
1.86(43)  4.84(+3)
1.22042)  2.50(+3)
4.13(+3)  9.25(+3)
2.694#3)  5.54(+3)

1. wmrea/y per LCi/=%,
2, wrad/y per pCi/s=’.

3. 1.17(#3) = 1.17x10".




1.6

TABLE
STABLE ELEMENT TRANSFER DATA

Ff - MEAT
(GOAT)

Fn = MILK

Fm = MILK
™ (cow)

ELEMENT

10&'01
4.0E-02
20 SE-Ol
20 Z'OB
2.5E-04
1 . x-oa
1 .m-03
6.7E-03
1.5-02
3.9€-02
3.0€-02
1.&'02
1.0E-05
5.CE-06
2.5E-03
7.5%-03
2.5E-02
1.0E-06
1 lm-o“\
5- G-Oz
1 .CE-03
60&‘02
30 m-oz
4.0E-04
50&"05
1.0E-04
50&'06
5.0E-06
50&‘0‘
5.0E-06

1.7E-01

1.0E-02

1-&'02
‘.G-m
2- 5E-02
2. E-O)
2.5E-04
10 2-03
1.0E-03
6.7E-03
1 .k’m
30 x—oz
3.0E-02
3.1-04
1-&-05
5.0E-06
2.5E-03
7.5€-03
2.5E-02
1.CE-06
1.02-02
50&'02
1.0E-03
6- m-03
lo E-m
‘.G-m
5.&'06
1.0E-04
5-&-06
5.0E-06
50&‘0“
5.0E-06

rofe 850823886 >N28°228 " 8858a2=2




TABLE 1.7

INHALLATION DOSE FACTORS FOR INFANT
(MREM PER PCI INMALED)

Page 1 of 3

NUCLIDE BUNE LIVER T.80CY THYROID KIDNEY LUNG Gl=LL!

B 3 NO DATA G L2E=07 @.62E=07 &,02F=07 &,628-07 &.62E-07 4.628-07
£ 1s 1.896=05 3.79C=-06 3.79E-086 3,.79€-06 3.T79E-Ce 3.79€-06 3.79E~06
NA 26 '.5‘!’0. 7.5‘5’0. 7.5#(-00 7."“06 7-"‘-06 7.’5:’0. 7Q5‘E’°Q
P 32 1.45E~03 B.03E=05 5.53E-05% NO D2TA NC DATA NO DATA 1.15€6-05
CR 51 NO DATA NO DATA 6.37E-08 4. 11E-08 9.45%E-09 9.17E-06 2.55%€E-07
uN 54 ND DATA 1.81E-05 3.56C~06 NO DATA 3.56E-06 T.l14E~04 S5.046E~0¢
N 56 NO DATA 1.10F=09 1.58E~10 NO DATA T.86E~10 B8.95E-06 S5.12E-05
FE 55 1.41E=0% B.39E=06 2.36E-06 NO DATA NO DaTA 6.21E-05 «S2£-07
FE 59 9.69E-06 1.68:-05 6.77E-06 NO DATA NO DATA T.25€6=04 1.77E=-05
CO 58 NU DATA 8.71E-07 1.306-0¢&6 NO DATA NO DATA §.55E«04 T.95F=-08
CO &0 NO DATA $.73E~06 B.41E-06 NO DATA NO DATA 3.226-03 2.2BE-05
NI 63 2.42E-04 1.46E-05 B.29E-06 NO DaATA NO DaTa 1.49E=C4 1.T73E=006
Nl 65 1.7T1E=09 2.C3(~10 B8.79E-11 NO DATa NO DATA S.80E~-06 3.58E-05
CU &4 NO CATa 1.34E=09 S5.53E-10 NO DATA 2.B4E=09 6.64E~086 1.0TE-25
IN &5 1.38E-05 &,«76-05 2.22E~05 N0 DATA 2,32E=0%5 &.62E~06 3.LT7E-D5
IN 69 3.856~-11 6.91E~11 S5.13E~12 NO DaATA 2.87E=11 1.05E-C6 9,44E-08
AR 83 NO DATA ND DATA 2.72E=-07 NC DATaA NO DATA NC DATA LY £-24

KR B84 NO DaATA NO DaATA 2.8GE=0T NO DATA NC DATA NO DATA LT E-24

BR 83 NO DATA NO DaTa 1.466=08 NO DATA NC DATa NO DATA 'Y E=24

2B 8o NO DATA 1.36C=-04 6.306-05 NO DATA NO DATA NO DATA 2.17E=06
D 88 NO DATA 31.986~07 2.03E-07 NGO OATA NO DATA NO DATA 2.42E=-07
RE 89 NO DATA 2.2%9E~07 1.47€-07 NOD DATA NO DATA NDO DATA 4.87E-08
SR 89 2.84E-0&4 NO DATA 8.15C-06 NO DATA ND DATA 1.45E=-03 &.57€~05
SR 90 2.92E-02 NU DATA 1.856-03 NO DATA NC DATA B.03E~03 9.3%E-05
SR 91 6.83E~-08 NO DATA 2.47E-09 NO DATA NO DAaTA 3.T6E-0S 5.24E-05
SR 92 7.50E=09 NO DATA 2.79E~10 NU DATA NO DATA 1.70E~0% 1.00E~C4
Yy % 2.35E=06 NO DATA 6.30E-08 NO DATA NO DATA 1.92€6~04 T.43E-05
Y Sir 2.91E~10 WD DATA 9.90E=12 NO DATA NO DATA 1.99€-06 1.68BE-08
Y 91 4.20E~04 %D DATA 1.12E=05 NO DATA NO DATA 1.75€-03 S.02E~05
Yy % 1.17€E=-08 NO DATA 3.29E~10 N0 DATA NO DATA 1.7SE=05 9.04E~0S

a2
A
it
CAL
a

e
. d s

CRE A
P i !
o

."?




TABLE 1T  CONT'D
INHALATION DOSE FACTORS FOR INFANT
(MREM PER PCI INMALED)

Page 2 of 3

WUZLILE BONE LIVER T.800Y THYROIL  KIONEY LUNG Gl-LL!

Y 93 1.07E=07 NC DATA  2.91E-09 NO DATA  NC DATA  S5.46F=0% L.19€-04
IR 95  B.24E=05 1.998-05 1.456~05 NO DATA  2.22€=05 1.25E-03 1.55€-0%
IR 97  1.0TE=0T 1.83E=08 8.36E-09 WNU DATA  1.85§-08 7.8BE-05 1.00E-04
NB 95 1.12E=0%5 4.59E=06 2,.70€-06 NO DATA  3.37€-06 3.426-04 9.05€-06
WO 79 NO DATA  1.18c=07 2,31E=08 NO DATA  1.R9E-07 9.63E-05 3.48E-05
TC 99% 9.98E-13 2.06E=12 2,66E~11 NO DATA  2.22(~11 S.79E=07 1.45€-06
TC101 4.05E=14 S,.%8FE~14 S5,B0FE-13 NO LATA 6.99€E=13 &.17E-07 6.03E-07
RULO03 1.44E-U6 NU DATA 4. B5E=07 NO DATA 3.036=06 3.94E-04 1,15F=0F
RULDS B.74E=10 NO DATZ  2.93E-10 NO DATA  6.62E-10 1.126-05 3.46E-05
RUID6  6.20°=05 NU DATA  7,776=06 NO DATA  7.61€-05 B8.26E-03 11,1704
AGLION 7,13E-06 S.16E=06 3.576=06 N0 DATA  T.BCE-06 2.626-03 2.36E-C5
TEL25% 3.40E=06 1,42E=06 «.706=07 1.16E=06 NC DATA  3.19€-04 9.228-0s
TEL127F 1.19E6-C% 4.93E=06 1.48:-06 3.48E=06 2.6ME-05 9.37E-04 1.9%E-05
TE127  1.59E=09 6.81E=10 3.476=10 1.326=09 3.476-09 7T.39E=~06 1.T74E-05
TEL29% 1.0LE=05 4,35C=06 1.576=06 3.91E-06 2.27E-05 1.206-03 4.93E-05
TE129  S.63E=11 2.48E=11 1,36E=11 &,82E=11 1.2%=10 2.14E-06 1.88E-05
TEI3LM T,.62E=08 3.93E-08 2.59E=18 6.38E=C8 1.89E=C7 1.420-04 B.51E-0%
TE131  1.26E=11 S.87E=12 3.57€-12 1.13E~11 2.8% =11 1.47E-06 S.ATE-0e
TEL32  2.66E=07 1.696=07 1,26E=07 1.996=07 7.39E=07 2.43(-06 3.15£-05
I 130 4,56E-06 9.71=06 3.98E=06 1.14E=03 1.09é=05 NN DATA  1.42E-Ch
1 131 2.71€=05 3.176=05 1.40€=05 1.06E=D2 3.706-05 WO DATA  7.56E-07
1 132  1.21€=06 2.53E=06 8.99€-07 1.21E=04 2.82E-06 NO DATA  1.36E-06
1 133 9.46E-08 1.376=05 &,006-06 2.546=03 1.006-05 NU DATA  1.54E-C6
I 13« 6.58E=07 1.34E~06 &,.75E=07 3.1BE-D5 1.49€-06 NO DATA 9.21€-07
1 135 2.760=06 S5.43~06 1.,99E=06 «.97E~04 6.05E-06 NO DATA 1.31E~Co
CS134  2.83E-06 5,.026-0¢ S5.32E-05 NO DATA  1.36E=04 S5.69E~05 9.53E-07
CS136  3.456-05 9.61E-05 3.TRE-05 NO DATA  4.036-05 B.40E=N6 1.02€-06
CS137  3.926-04 4.37F=04 3.256-05 NO DATA  1.23E-04 5.09E-05 9.53€-07
CS138  3.61E=07 5.58(=07 2.84E=07 NO DATA  2.93E=07 &,67E-08 6.26F-CT
BA139  1.06E=09 7.036=13 3.07€-11 NO DATA  &.23=13 &.2%E-06 3.64F-05




TABLE 1.7

CONT'D

INHALATION DOSE FACTORS FOR INFANT

(MREM PER PCI INMALED)
Page 3 of 3

NUCL ICE BONE LIvVCR T.800Y THYRDID KIDNEY LUNG Gl=LL!

BAl&0 4. 0C0E=-05 &.00(-08 2.07E-06 'NO DATA 9.59(~09 1.14E-03 2.74E=-05
rAlG] 1.126=10 7.700(=14 3.55E~12 NO DATA G.b4E=14 2.128-06 3.39F=06
KAala2 S.B4E=11 2.305-14 1.40E-12 NO DATA 1.366=14 1.11E=08 &.95E~-07
LAL&D 3.61E-07 1.43t=-07 J.068E-08 NO DATA NC DATA 1.20E=06 6.06E-05
LAL&2 T.36E=10 2.69E-10 6.40E-11 NO DATA NO DATA 5.676-006 4%.25E-05
CEl&l 1.98E=05 1.19E=05 1.42E-00 NO COATa 3,75¢=06 3.09F=04 1.54E-0C5
CElas 2.99€-07 1.38E=N7 1.5%E-08 NU DATA 4.D36~-08 B.3CE-05 3.55:~05
CElas 2.2086-03 B.05E-04 1,206F=04 NO DAY 3.A4E~064 T.C03E=N3 1.06E~0¢
PRI1AD 1.006=05 3.74E-0e0 «.97E-07 NO DaT2 1+41E=086 3.09E=-06 2.56E-05
PRIG4 3.42€=11 1.328=11 1.T72E-12 NO CATA ©.80E=12 1.15E=0C6 3.06E-06
ND1&T 5.,67E-06 S.81F=06 3.57€E~07 NO DATA 2.25€E=06 2.30E-04 2.23E-05
w 187 Q.26E-09 6.44E=09 2.23E-09 NO DATA NO DATA 2.83E-05 2.54F-05
NP239 2.65E-07 2.317E-08 1.34E-08 NO DATA 4.T3t~08 &.25E-C5 1.78E=0QS




TABLE 1.7
INHALATION DOSE FACTORS FOk CHILD
(MREM PER PCI INHALED)
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NUCL1DE BONE LIVER T.AQODY THYROID  KIDNEY LUNG Cl=-LL!

H 3 NO DATA 3.C4E=NT 3,04E=07 3.06€=07 3.064L{=07 D.04E~CT7 3.04E-07
€ 1 9.70E=06 1.825=06 1.82€~06 1.8JE=Cé6 1.82E~06 1.B82€-06 1.82E=-08
NA 24 8. 350=C0 4.35.=086 «.33E=06 «.35% =06 4.35€="6 4.35E-086 4.358=08
[ ¥ T.04E=06 3.09:=05 2.67C=05 NO DATA NC DATA ND DATaA 1.14€=05
CrR 51 NO DATA NO DATA . 17E=08 2.31F=NR b6.57€-29 4.59E=06 2.93E-0C7
MN 54 u0 DataA 1.166=05 2.57F-06 NO DATA 2.716=06 &.26E~04 6,19%-08
"N 56 NU DATA 4.4BE=10 B.43E~11 NO DaTA 4£,52E~10 3.55C-06 3.330~-05
FE S5 1.28E=09% 6.006-06 2.1CE-06 ~NO DATA NU DATA 3.00E=25 T.75&-07
FE 59 §,590=06 9.U4E-06 4.51L=006 NO DATa NU DATA 3.63[=06 1.91E=05
CO 58 NU UATA 4. 719%=07 B8.%5%E~-07 KO DATA NC DATA 2.99E=C4 9,29E-0%
€O &0 NO DATa 3,55 -06 6.126-06 NO DaTA NO CATA Le91E=03 2.60E-0%
NI o3 2.226-04 1.,257=0% 7.56E-06 NO DATaA NO DaTa T.43E=CS 1.T1E=D6
Ml 65 I;O.E-KO 7.996=11 &.44E=11 NN DaTaA NU DATA 2.21E-06 2.27€-0%5
Cu &4 NC DATA 5,.396=10 2.90C=10 NO DATA 1.63E=09 2.59E-06 .92g~Cé
IN 65 1.15E=05 3.06&-05 1.906-05 NO DATA 1.93E=0% 2.69E-04 &,4|E~08
IN 69 1.81E=11 2.01E=11 2.41C=12 NO DATA 1.58E=11 3.34E-07 2.75E-00
HR 83 NO CATA NO UATA 1.20E=0T7 NO DATA NC DaTG NO DATA LY E=24

UR R4 NO DATA NU DaTa 1.4RE=DT7 NO DATA NC DATA NC DATA LY E-24

et 85 NO DATA NO DATA" 6,.84E-09 NDO DATA NG DATA NO DATA LY E-24

wn RS NO DATA $.36C-05 3,0%E-0> NOD CarTa NC DATA NO DaTA 2.186E~08
RP B8 NO DATA 1.52E=07 9.90£-08 NO DATA  NC DATA NO CATA 4.,065-09

RE 89 NO DATA 9.33t«08 7.83E-0R NO DATA NC DATA NO DATA S.11E~-10
SR 89 1.62E=04 NO DATA 4.60E=06 NO DATA ND DaTA $S.BIC=04 &,52L~0C5
SR 90 2.73E-02 NU DaTA 1.746-03 ND'DATA NC DaTA 3.99C=03 9.28E-05
SP 91 3.28E=-0" NO CaTA 1.24F=09 KO DATA N DATA 1.&4E=0% 4.70F=-CS
SR 92 3.54E~09 NO DaTA 1.426=10 NO DATA NO DaTA E.49C=06 6.55E~C5
Y 9% 1.11E=C6 NO DATA 2.99F=08 NO DATA NC DATA 7.07 =08 T.2«FE=C5
Y 91 1.37E=1N NO DaTa 4.,98E~-12 NO DATA NC NDATA T6NF=CT &,840'-07
Yy 9 2.47E=04 NO DaTA 6.59E-06 NO DATA NO DaTaA 7.106=04 &,97C=05
Y 92 5.50E=09 NG DavTa 1.%7E=10 NO DATL NC DATA G .4bE~CH b6.46E=CS




TABLE 1.7 CONT'O
INHALATION DOSE FACTORS FOR CHILD
(MF.EM PER PCI INMHALED)

Fage 2 of 3

~UCL 10k BUNE LIVER T.800Y THYROID KIDNEY LUNG Gl-LL1

Yy 9 5.04€-08 NO DaTA 1.3¢E-09 N~NO DATA ND DATA c+01E-C5 1.05E-04
IR 95 5. 13F-05 1.13E-05% 1.00E-05 NU DATA 1.6ic=0% G.03€-06 1.,65(~05
R 97 S.07C=08 7T.34E=09 &,425-09 NO Dala 1.056=08 3.06E-05 9.69E-05

N8 9 6.3%E=00 2.48E-0c 1.776-06 NO DAT:2 2.33E-06 1.66F-04 1,.00€~05
no 99 NO DATA 4.06E~-086 1.15E-08 NC JATA 1.06E=CT 3.66E~05 I.42E-05
TC 99* 4.B81E=13 9.410L=13 1.56E=11 NO DATA ~1.37E~=1l 2.57E-CT 1.30E-Ce

TC101 2.19C~14 2.3CE~1e 2.91%5-13 NO DATa 3.92€-13 1.50€=NT7 & .41F=09
RUI03 T.55E=-07 NO DaTa 2.906-07 NO DATA 1.706=06 1.79E~06 1.21E~CS
RUL0S 4.13€-10 NU DATA 1.5CE~10 N0 DaTaA J.B3E~IC 4.INE~06 2.69E-D5

RUL06 3.68E-C5 NOU DATA 4.576-06 NO DATaA 4.97€-0% 3.87E-03 1.16E-04
AGL10¥ & ,56E-06 3.08E=06 2.475-06 NC DATA S5.T4L=06 1.48F-03 2.T1E=0S
TE125% 1.82E-0¢ «295=07 2.47E-07 5.203-07 NC DATA 1.29€-06 9.138-08

TE127% 0.T2E<-06 2.31E-0o B8.10E=07 1.64E=06 1.72€E=-N5 &,000-04 1.93F-05
TE127 T.49E=10 2.57E=10 1.65E=10 S.3NE~10 1.91E~09 2.71F=06 1.%28-05
TE129% S.19E=C6 1.85:=06 B.228-07 1. .7T1E=26 1,%36&~05 &.76E-04 4.91E-05
TEL129 2.64E=11 9.65E=12 6,447=12 1.93E~11 6.94L~11 T.93E-07 6.89E-08
TEL21P Y.63E-C8 " 1.60E=08 1.376-08 2.645-08 1.08E~07 S.56E-LS B8,.52F-05
TEL3] 5,87E=12 2.28E-12 1.78C=12 &,.59%~12 1.59C~11 S5.55E=07 3.60E-07
TF132 1.30E=C7 7.36E-08 7,126-08 B.58E-08 &.79t~-07 1,026-04 13.728-0C5
1 130 2.21E-06 &.635-006 2.2RE~-08 &.99:-04 6.61t=06 NN DATA 1.38E-00
I 131 1.30E=CS 1.30F=05% 7.37€=006 4,395-03 2,13E~05 NO DATA T.68E-07
1 132 $,72E=07 1.105=06 S5.07E=07 5.23E~05 1.69E~C6 NO DATA 8.65E-07
I 133 6. 48(=06 5.497-06 2.08E-06 1.064CL-"3 9,.13E-06 NO DATA 1.48E-06
1 134 3,178<07 S.845=07 2.6%E~07 1.37E-05 B8.926-NT7 ~0O DATA 2.58E-07
I 135 1.336=06 2.36E-06 1. 1JE=0& 2.140-04 3.62E-06 NO DATA 1.20E~086
CS13« 1o T6E~04 2.74(~04 6.076=05 ~O DATA 8.93E-09 3.27E-05 1.04E=008
CS13e 1.76E=05 &.02€E=0% 3.14E=05 NN DATA: 2.5B8E~-75 3.93E~C6 1.13E-06

cs137 2.45E-04 2.23€-06 3,47F-05 NO 0ATA T.63(=05 2.81E-05 9.78E-07
cs5138 1.TIE=07 2.278-07 1.50E-07 NO Dava 1.68E~07 1.B4E-08 T.29¢-08
LT R L 4,98E-10 2.66F-13 1.65%~11 NOU DATA 2.33E~-13  1.56E-06 1.56F-05




TABLE 1,7 : CONT'D
INHALATION DOSE FACTORS FOR CHILD
(MREM PER PCI INHALED)

Page 3 of 3

NUCLIVE BUNE LIVER T.80CY THYROID KIDNEY LUNG GI=-LL!

" - -

BAL4O 2.006-05 1.756-08 1.17C~06 NO DATA 5, 7T1E-09 &,.T1E~06 2.75E-0S5
BAl&] $.29L=11 2.95E-1e 1.T72F-12 NO 0DATA 2.56E=14 T.B9E=0T T.44E-08
BAL&2 135E~11 9.73C~15 7T.5(~13 NO CaTa T.87E=15 & .44E=0T7 T.41F-10

LAL&O 1.74E=-07 6,08E-0 2.04E-08 NO DATA NO DaTa 4,96E-05 6.10E-05
LAL&2 3.50E=1C 1.115-10 3,49E-11 NO Datva NO DaTa 2.356-06 2.05E-05
CElLsl 1.06E=05 S.285-06 7,83E-07 NO DATA 2.31E-06 1.47E-06 1.53E-05

CEl&43 9.89E-08 5.376~08 7.77E-29 NO DATA 2.268=08 3,12E=05 3.64E-05
CElas 1.83€=03 5.72L=0& 9.77€-C5 NO DATaA 3,17€=06 3.23£-03 1.05E-04
PR1G] 4.9%E-06 1.50E-06 2.47E=07 NO DaTa 8.11t-07 1. 17E=04 2.463E-05

PR14&& 1.61E=11 &,99¢-12 B8.106-13 NO DATA 2.66E=12 &.23E-NT 5,32(-08
NDl&e7 2.92e-06 2.36E-06 1.84F-D7 N0 DATA 1.30E=C6 B8.B76=-05 2.22F=0S
w 187 4, 41E=-09 2.,61E-09 1.17F=-09 N0 CaATA NC DATA 1.11E=05 2.40E-05

1.26E=07 9,045=09 6.356-79 NO DATA 2.63E=N8 1.57E-925 1.73E-05

NP239




TABLE 1.7
INHALATION DOSE FACTORS FOR ADULTS
(MREM PER PCI INHALED)
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NUCLICE BONE LIVER T.ROCY THYROID KIDNEY Lung GI-LL!

] 3 NO CATA 1.58E=07 1.58E=07 1.58€=27 1.5BE-07 1.53E~07 1.588-97
C 1s 2e2T7C~06 &.26E~07 &, 20E~07 4,266~07 4,26E~07 &,26E~-07 &,26E~07
NA 24 1.28E=06 \.2BE~06 1,28E-06 1.29€~06 1.2BE-06 1.2BE-Q6 1.28E-06
Ay 1.65E=04 9. - =06 0.26E-06 NO DATA NC DATA ND DATA 1.08E-05
CR 51 NO DATA NO pATA Le25E=08 T hbE=Q9 2.85%E-09 1.80E-06 &.15F-07
LU NO DATA 4«.95E~006 7.87E-07 NO DATA 1.236=06 1.75E=04 9.67€-06
MN 56 NU DATA 1.55E=10 2.29€E~11 NO DaTa 1.63E-10 1.1B8E~06 2.53E-08
FE 55 3.07E~086 2.120C-06 &,.93E-07 NO DATA NO DaATA 9.01E-06 7T.54E-07
FE 59 1.4T7E=06 JY.47E~00 1.32E=06 NO DaTaA NO DATA 1.27€E=C4 2.35E=-05
COD 58 NO DATA 1.986=07 2,.59€E-N7 NOU CATA NC DATA 1.16E~04 1.33E-05
CO &0 NC DATA 1o44E=-006 1.8% =06 NO DATA NC DATA Tebh6E~0& 3I,5LE=05
Nl &3 $S.40E=C5 3,93E-0h 1.81E-00 NO DaATA NOC DaTA 2.23E-05 1.67E-Ceo
~1 65 1.92E=10 2.02C=11 l.14F=11 NO DATA NC GATA T.00E=07 1.54E=06
Cu 64 NO DATaA 1.83E~10 7.69E~L1 NO DATA S.TBE~10 B.4BE~-0T 6.12E-06
IN &5 4.05E~06 1.29€-05 5,.B82E-06 NO DATA B.62E-06 1.0BE-04 6.6BE=NG
IN 69 €.23E=12 B.14(~-12 5.65E=13 NO DATA 5.2TE~12 1.15E=07 2.04E=0C9
3R 83 NO DATA NO DATaA 3.01E=08 NO DATA NO DATA NO DATA 2.90E=-08
BR B4 NO DATA NO DATA 3.91E-08 NO DATA ~0 DATA NO DATA 2.05€E-13
BR 85 NO DATA NO DATA 1.60E-09 NO DATA NO DATA NO DATA LY E-2¢

RE B0 NU DATA l.55€=05 7.376-06 NO DATA NO DATA NC DATA 2.08E-06
Rp 88 NO DATA 4.BGE-08 2.41E-28 NO DATA NO DATA NO DATA 4,]18E-19
RE 89 NO DATA 3.2CE-78 2.126-08 NO DATA NC DAYA NO DATA l.16€-21
SR 89 3.80E-05 NO DATa 1.09E=06 NO DATA NC DATA 1.75E=04 &,376-05
SR 90 1.24€-02 NO DaTA T.62E-04 NO DATA KC DATA 1.20€-03 9.02¢-05
SR 91 T.T4E=09 NO DATA 3.13E-10 NO DaTa NO DATA 4.56E-06 2.39E-05
SR §2 B.43E~10 NO DATA 3.64E=~11 NO DATaA NO DATA 2.06E~06 S5.38E-06
Y 90 2.61E-CT NO DATA 7.01E-09 NO DATA NO DATA 2.126=-05 &.328-05
Y 9iM 3,26E-11 NOD DAl 1.27€=-12 NO'DATA NO DATA 2.40E=07 1.667~-10
Y 91 $5.78E~05 NO DATA 1.55E~06 NO DATA NO DATA 2.13E-064 &.B1E-0S
Yy %2 1.296-09 NO DATa 3.TTE~1]1 NO DATA NO DATA 1.96E~06 9.19E-06




TABLE 1.7 CONT'D
INHALATION DOSE FACTORS FOR ADULTS
(MR2M PER PCI INHALED)

Page 2 of 3

NUCLICE BONE LIVER 7.000v THYROID KIDONEY LUNG Gl=LL1!

Y 93 1.13E-08 NO CATA 3.26E-10 ND DATA NC DATA 6.06E-06 5.27E-C5
IR 95 1.34E=05 4,3C7=06 2.91E-06 NO DATA 6.TTE=CS 2.21E~04 1.88E-CS
IR 97 1.21E-08 2.45C=09 1.13E-09 NO DaATA 3.T1E=09 9.B84E-06 6.54E~05

NE 95 1.76E=06 9.77:=-07 5,26€-07 NO DATA 9.676E-07 6.351E-05 1.30E~05
w0 99 NO DATA 1.516=08 2,87€~09 NC DATA 3.04E-08 1.14E-05 3.10E-05
TC 99% 1.29E-13 3,64E~13 4&,.63E~-12 NO DATA 9.526-12 9.55E-08 5.20E-07
1ol 22E~15 T.52E-15 7.38E-l4& NC DATA 1.35£=13  &4.99E-08 1.36F-21
«RUL03 1.91E-07 NO DATA 8.23E-08 NO DATA 7.29€E=-07 6.31E-C5 1.38E-05
Wi05 9.88E-11 NC 0aTa 3.89€~11 NO DaTa 1.27E=10 1.37€-06 ¢.02t-06
RU106 B.a4E=-06 WO DATA 1.0%E-06 NO DATZ 1.67€=05 1.17E=03 1.14E~04
AGILINY  1.35E=06 1.25=06 7.43C-07 NOU DATA 2.46E-06 S5.79E-04 3.78E~CS
TEL25™ ©.2TE-CY 1.98E-07 §.86E=08 1.31E=07 1.55¢~-06 3.92E-05 B8.83E~0C6

TEL127F 1.5B8E=06 7.2.5<07 1.90E-07 4. 11E=07 S5.72E-06 1.20€-06 1.87E-05
TE127 1.75C=10 @8.03%=11 3.87E=11 1.32E~10 6.37E<10 @8.14E~07 7T.17E-0¢
TE129% 1.22E=06 S.b54E=07 1.98E~07 &.30E~07 4.57€-06 1.45E-04 «.79E~05
TEL129 6.22E=127 2.990=12 1.5% =12 4.87E=12 2.34E~11 2.42E-07 1.96E-08
TEL31M B.T74E=09 5.456=09 3,63F=09 ©6.88F-09 3.86E~08 1.82E~05 6.95€-05
TF131 1.39€=12 7T.44E=13 4.69E=13 1.17E=12 5.66E=12 1.74E-07 2.30E-09
TE132 3.256~08 2.69E-08 2.02E-08 2.37E-08 1.82E~07 3.60E-05 6.37E-CS
1 130 5,72E-07 1.68E=06 6.60E=07 1.42E-04 2.61E~06 NO DATA 9.61E=-07
I 131 3, 156=06 &.47E=06 2.56(=06 1.49E-03 7T.66E~C6 NC DATA T.85€E=07
I 132 1.45E=07 &.07E=07 1.4%=07 1.43E-05 6.48E<07 NO DATA 5.08F=08
1133 1.0BE=086 1.855-06 5.86%E=0T7 2.69€-04 3,23E~06 NO DATA f«l1E-06
I 134 B.05E=08 2.16E=07 7.69E=-08 3.73E-06 3.44E~-07 NO DaATA 1.26€-10
1 135 3.356-C7 B.73E-07 3.21E~07 5.00£-05 1.39E-06 NO DATA 6.56E-07
CS13« 4,66E~C5 1.06E-0¢ 9,10€-05 NC DATA 3.59€E-05 1.22E-05 1.30E-Ce
CSlle 4.88E-06 1.B3E-05 1.38BE-05 NO CaTa 1.07TE~05 1.50E=C6 1.40E-06
csi1y? 5.98E~-05 7T.76E-05 95.35E-05 NO DATA 2.78E~-05 9.40F-06 1.05€E-06
cs1is 4.14E=08 T.76E-CB 4.05E-08 NO DATA 6.00E-08 6.07E-09 2.33E-13
BAl39 1.17€=10 B8.32E~14 3.42E-12 NO DATA T.T8E~-14 &,.T70E-07 1.12€-07




TABLE 1.7 CONT'D
INHALATION DOSE FACTORS FOR ADULTS
(MREM PER PCI INHALED)

Page 3 of 3

NUCL ILE BONE LIVER T.80UCY THYROID KIDNEY LUNG CI=LL1

BAL4O ©.BBE~06 6.13F=09 3,21E~0T NO DATA 2.09E=N9 1,.59E~-04 2.T73F=-05
halsl 1.25E=11 9.41E=15 &,20E~13 NO DaATA B.TSE=15 2.42E8-07 1.45E-17
RaL&2 3,29€~12 3.385-15 2.07E-13 NO DATA Z2.86E=15 1.49E-07 1.96E-2¢6
LAL4D 4.30E-C8 2..TE-CB S5.T73E-09 NO DaTa NO DaTa 1.70E-05 >.73E-05
LAL&2 B.54E~11 3.B8B8E~11 9.65% =12 NO DATA NC DaATA Te91E=07 2.64E-07
CElel 2.49E-06 1.69E-06 1.91E~07 NO CaTa 7.83E-07 4,52E-0% 1.50E-05

CEN43 2.33E~-CR  1.72€-08 1.91E-09 NO DATA 7.60£<~09 9.97E~06 2.83E-05
CEl&s 4.29E-064 1.79E-04 2,306-05 NO DATA 1.06E~04 9.72E-04 1.C2E=~04
PR143 1.1 TE~06 4.0L59E-07 5.80E-08 NN DATA 2.77€=0T7 3.51E-CS 2.50E-05

PR14& 3.765-12 1.56%-12 1.91E-13 ~NO 0aTa B.RlE~13 1.27F=07 2.69E-18
NDLl&7 6.59€E=07 T.62E-07 &.56E-08 N0 DATA 4. 45E=0T7 2.76E-05 2.,16£-05
w 187 1.06E~09 B8.85:c~10 3.10E-10 NO OATA NO DATA 3.63E~06 1.94E-05

NP239 2.B7E~08 2.R2€E-09 1.55E-09 NO DATA B.756=09 &.70E-06 1.49E-0S




TABLE 1.8

EXTERNAL DOSE FACTORS FOR STANDING ON CONTAMINATED GROUND

(mrem/hr per pci/m?)

SKIN

TOTAL BODY

ELEMENT

S Gu0 G08 388 48 AngneatainasassaRaRasnNaes
coboUEHo YRE HEY By MHEUKEMUE ML LU a8 i i
002026Lomazom..m&LmLmL&&LzLZLLLG&ZLLL&LLLLLma

§ 988 888 B3 4B QBN BENAHa98ss88RER8aNIS.
aofoREHBHE MUY U UUBUSKE UMM UE GRSy s i
CONONNAHOBR ACMATOGAO G MmN 0wt MO8 18 1 1 On (8 1 D st 18t ol 1 o

C-14
NA-24
P-32
Cr-51
Mn-54
MnN-56
Fe-55
Fe-59
Co-58
Co~60
Ni-&3
Ni-65
Cu-64
Zn=-65
Zn-69
Br-83
Br-84
Br-85
Rb-86
Rb-88
Rb-89%
Sr-89
Sr-%51
Sr-92
Y-S0
Y-91M
Y-Sl
Y-92
Y-93
Zr-95
r-97
ND-95
Mo-99
Te-95M
Te-101
Ru-103
Ru-105
Ru-106
Ag-110M
Te-1254
Te-127M
Te-127
Te-125M
Te-122

H-3




ELEMENT

Te-131M
Te-131
Te-132
I1-130
I-131
1-132
I-133
1-134
1-135
Cs-134
Cs-136
Cs-137
Cs-138
Ba-133
Ba-140
Ba-l4l
Ba-142
La-140
La-142
Ce-l4l
Ce-143
Ce-l44
Pr-143
Pr-l44.
Nd-147
wW-187
Np=-239

TABLE 1.8

(Contirued)

TOTAL BCODY

80 4G°09
2.20E-09
1.7C€E-09
10 ﬁm-oe
2.80c-09
10 7&-08
3.7CE-09
1.60£-08
1 . 2E‘08
1.206-08
1 . 5&‘08
4. 2&’09
2.10€-08
2. 4&-09
2. 1&’09
4. 3&’09
7.90E-09
1.50E-08
1.50E-08
50 SCE-IO
2.20E-09
3.20€-10
0.0

2.00E-10
1.00E-09
3.10E-09
9.5(E-10

SKIN

9.90E-09
20 6&"06
2.00£-09
1.70-08
3. 6&-09
2.00£-08
4.50€-09
1.90E-08
1,40€-08
1 - 4&-08
1.70e-08
4.90E-09
2.40E-08
2.70E-09
2.40E-09
4,90z -09
9.00E-09
1.70E-08
1.80E-08
6.20E-10
20 5&'09
3.70E-10
0.0

20 BCE-IO
1,20e-09
3.60E-09
1 . lm°09




TALLE _1-7' .
Stauck Effluents

Design Ul.]g-_tiy; !\_ILILBI_I_I_ gunn_l_.ll.icr-_.
DOSE CONVERSGION DESIGN OBJECTIVE

FACTOR ANNUAL QUANTITY
MICLIDE LIMI'TING ORGAN (mr _ci_(curles)

1-131 Thyroid 7. WhE+00 2.02E+00
I-133 Thyroid 1.29E-01 .16E+02
Cs-13h Liver 2. h9E+00 5. 02E+00
Cs-131 Liver 2.39E+00 .2(EA00
Co-60 GI Tract .51E-01 .93E+01
Mn-5h G1 Tract .0hE-01 i .93E+0]
Co-58 GI Tract 2.87e-02 .23E+02
Cc-1h GI Tract 5. 2hE-03 2.h0E+03

Bu-140 Bone .0BE-02 7.21E+402

Noble Uuses(l) Gaama Dose in Alr [ 2.30E+05

NOTE:

(1)

The average pamma ray energy (E) for a diffusion mixture if 0.845 MeV for a pure
11-235 fission spectrua.
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ADULT INGESTION DOSE FACTORS*
(mrem/pCi ingested)

nuCL TLE oont LIVER T.ROCY !nvIDlD KIDNEY LUNG Gl-LLl

" 3 NO Dl!l 1.05€6-07 1.C5€E-0T7 1.C5E~ 07 1.0%~-07 1.05€-07 1.05(=07
C is 2.8B4E~-06 S5.6BE~07 S.68f-07 S5.68E-NT7 5.6B8E-07 $S.68F-07 5.68BE~-0T7
NA 24 1.706-06 1.70F-06 1.70£-06 1.70[ 06 1.706-06 1.70E-06 1.70E-06
P 32 1.936-064 1.20€-09% 7.406E-06 NO OATA NC DaTA t0 DATA 2.17€-0%
cr 51 NO DATA NO CaTa 2.60E=-09 1.57€E=09 S5.86E-10 3I.53E-09 6.69€-07
BN 54 NO DATA 4,57T€-06 B8.72E-0T7 NO DaATA 1.36E~ 06 NO DATA 1.40E~-05
MmN S6 NO DATA 1.15C-07 2.04t-08 NO DaATA l. 666'07 NO DATA 3.67E-06
Fe 55 2.75€-06 1.90F=06 4.43E-07 NO DaTA NO DATA 1.06E£-086 1.09(-06
FE 59 4. 34E-06 1.026-05 3.91E-0&6 NO DATA NO DaATA 2.85E-06 3.&40E-05
CO 58 NO DATA 7.456=07 1.676E-06 NO DATaA NO DaTa NO DATA 1.51E-C5
CO 60 NO DATA 2.14F=06 &.72C-06 NO DATA NDO DATA NU DATA «.02£-0%
Nl 63 1.30E-C& 9,0lE-06 &,.36E-06 NO DATA NO DATA NO DaTA 1.R8E~-06
NI &5 5 .28E-07 6.B6E-08 3.13E-08 NO DATa NO DATA NO DATA 1.764E-06
Cu 64 NO DATA 8,33E-08 1.91E-08 NO DATA 2.10E-07 N0 DATA 7.1C£~-06
IN 65 &.,B4E-06 1.54%=05 ©6.70E-06 NO DATA 1.03E-05 NO DATA 9.7CE-06
............................... i s A S O A A O AR SN D S A A 4 4. 0 R
IN 69 1.03~-08 1.375-08 1.37€-09 NO DATaA 1.2BE-08 NO DATA 2.96E-09
BR 813 NO DaTA NO DATA 4.02E-08 NO DaTaA NO DaTa NO DATA 5.79€~-08
BR B4 NO DATA NO DaTA $S.21E-08 NO DATA NO DATA NO DATA &.09C~-13
BR 85 NO DATA NQ DATA 2.14E-09 NO DATA NOC DaTaA NO DATA LY E-24

RB 86 MO DaTaA 2.11E-95 9.83E-06 NO DATA NO DATA NO DATA «.16E-00
RE 88 NO DATA 6.0%-08 1. 21E-oa NO DATA NO DATA NO CATA 8.30E~ l9
RB 89 NO DATA 4.016-08 2. G?t 08 NO DATA NO DATA NO DATA 233~ Zl
SR 89 3.08E~-04 NO DaTA 8.84E~06 NO 'DATA NO DATA NO DATA 4 .94E-05
SR 90 7.58E-03 NO DATA 1.86E-03 NOU DATA NO DATA NQO DATA 2.19E~-04
SR 91 S.6TE-06 NO DATA 2.29€=27 NO DATA NC DaTA NO DATA 2.70E-05
SR 92 2.15E-06 NO DATA 9.30E-08 NO DATA NO DATA NO DATA &,26E-05
Y 90 9.62E-09 NO DaTA 2.58E=10 NO DATA NO DATA NO DATA 1.02E-04
Y 91M 9.09E~11 NO DATaA 3.52E=12 NO DATA NO DaTA NO DAYA 2.67E-10
Yy % 1.41E~07 NO DATaA 3.77E-09 NO DaTA NO DATA NDO DATA 7.76E-05
Y 92 B.45E~-10 NO CaTaA 2.47E~11 NO OATA NC DATA NO DATA 1.48E-05
Y 93 2.6BE-C7% NO DATA T.40F-11 NO DATA NO DATA NO DaTaA 8.50€~-05
IR 95 J.04E-O0B F.75E~-C9 6.60C-09 NO DATaA 1.53E~-08 NO DaATA 3.09€E-05
IR 97 1.686-09 3.39¢-10 1.55¢€-10 NO DATA S.12E-10 NO DATA 1.0%€-04
NB 95 6.22E-09 J.46E-09 1.R6E-09 NO DaTa 3.426-09 NO DATA 2.10E-0%
MO 99 NO DATA «.316~-06 B8.20E-07 NO DATA 9.76E-06 NO DATA 9.99E~06
TIC 994 2 4T7E~-10 6.98:-10 C£.89E-09 NOD DATA 1.06E-08 3.42€6~-10 &.]13E-07
1ciol 2.954E-10 3.66E-~10 3.S9E~-09 NO DATaA 6.59€E~-09 1.87C-10 1.10€-21
aviod 1.856-07 NO DATA T.97E-08 NO DaATaA T.06E~-07 NO DATA 2.16€E-0%
RUL0S 1.54E-08 NU CATa 6.08E~-09 NO DaTa 1.99€6<07 NO DATA 9.420-0%




TABLE 2.1 (Continued)

Page 2 of 2
NUCL | DE BONE LIVER T.800Y THYROIC  KIDNEY LUNG Gl=LLl
3.48€-07 NO DATA §.31E-06 NO DATA 1.78€E~ oa

RULO0G 2.7%€-06 ~O DATA .
8.79E-08 " NO DATA 2.91E-07 NO 0DATA 6.04E-05

AGI10M 1.60E-07 1.48E-07 -
TE125M4 2.68E-06 9.71€-07 3.57€-07 8.06E-07 1.09£-05 NO DATA 1.07€-05

- - —— -

TEL27# &.TTE-06 2.420-06 B8.25(-07 1.73E-06 2.75E-05 NO DATA 2.27€-05
TEL27 1.106-07 3.95€E-08 2.38E-08 8.15E-08 &.4BE-07 NO DATA 8.68E-08
TEL29M 1.15E-05 &.296-06 1.R2E-06 3.95€-06 4.B0E-05 NO DaTA 5.79€E-05
TE129 3.14E-08 1.18E-08 T.63E-09 2.41E-08 1.32E-07 NO DATA 2.37€-08
TEI3IN 1.73E-06 B.465-07 7.05€-07 1.)4E=-06 B.57E-06 NO DATA 8.40E~05
TEL3L 1.97E-08 B8.23E-C9 6.226-09 1. 62E~-08 8.63E-08 NO DATA 2.19€-09
TEL132 2.52E-06 1.63E-06 1,.536-06 . BOE-06 1.S57E-05 NO DATA T7.71€-05
1 130 ‘7.56E-07 2.23E-06 B.R0E-O07 1.B89E-04 3.48E-06 NO DATA 1.92€E-06
113 4. 16E~06 - 5.75E=06 3.41E-06 1.95E- 03 1.02E~-0S NO DaTA 1.57E-06
1.90E~ OS 8.565E~07 NO DATA 1.02€-07
4.31E~06 NO DATA 2.22€E-06
NO DATA 2.51E-10

1 132 2.03E-07 S5.43E-07 1.90€-07
1 133 1.42E-06 2.47E-06 T.53E-07 3.63E-04
I 134 1.06E~-0T7 2.88£-07 1. 035-07 4.99E-06 4.S58E-07

- —

1 135 4 ,&3E-0T7 1.16E-06 6.23(-01 7.656~-05 1.B86E-06 NO DATA 1.31E-06
CS134 6.22E-05 1.48E-04 1.21E-06 NO DATA 4.T96-05 1.59E-05 2.59€-06
Cs13s 6.51E-06 2.57E-05 1.85E-05 NO DATA 1.43E-05 1.96E-06 2.92E-06

1.23€E-05 2.11E-06

csi137 7.97E-05 1.09E-04 7.14E-05 NO DATA 3.70€E-05
csS13s8 $.52€-08 1.09€E-07 S.4CE-08° NO DATA 8.01E~-08
8Al139 9.70E-08 6.91E=11 2.84E-09 NO DATA 6.46E-11 3.92E-11

W—— o -

BAL&0 2.03C~-05 2.555-08 1.33E-06 0 DATA B.6TE-09 1.46E~-08 4.18E-05
Rals] 4.71E-08 1.565=11 1.59€-09 NO DaTA 3.31E~-11 2.02E-11 2.22E-17
RAL42 2.13E-08 2.19E-11 1.34E-09 NO DaTa l 8SE-11 1.24E-11 13.00E- 26

LAL4OD 2.50C-09 1.26E-09 3.33C~-10 NU DATA: NO DATA NO DATA .255-05
LALG2 1.28E~-10 5.825~11 1.45E~11 NO DATA NO DaTA NO DATA 4.25E-07
CEl41 9.36E~09 6.33E-09 7. ll( 10 NO DATA 2. 946-09 NO DATA 2.42E-05

CEl14) 1.65€-09 1.22E-06 I.JSE 10 MO DATA  S.37é- lO NO DATA &.56E-05
CEl4s & . ABE-07 2.04E-07 2.626-08 NO DATA 1.21E~-07 NO DATA 1.65E-04
PR143 9.20E-09 3.69:-09 4.56E-10 NO DATA 2.13E-09 NO DATa 4.03E-05

PR144 3.01E-11 L25E=11 1.54E~12 NO DATA 7.05€~12 NO DATA 6.33E~-18
ND147 6.296-09 T7.27E-09 &.35E-10 NO DATA 4.25€E-09 NO DATA 3.49E-05
w 197 1.03E-07 B8.61E-08 3.01E-08 NO DaTa NO DATA N0 DATA 2.82€-05

NPZ39 1.196-09 1.17C-10 &.45€E-11 NO DATA 3.65C-10 NO DATA 2.40E-05




TAWLE 2.2
Liquid Efflucats

Design Objecltive Annunl Quantity

Doie Conversion
Factor Annual Quantity

Design Objective P d

Nuclide Limiting Orgon (whew/Curie) Ci (Curles) 75
Cs-13h Tolal Body 3.62E+00 8.29E-01
Cs-137 Total Body 2.16E:00 1.39E300
Cs-136 Total Dody k.01E+00 7.49E4100
Co-60 Total Body 2.99E-01 1.00E10),
Sr-19 Bone {.708-02 5.00E+102
Sr-9n Bone 1.6hE-01 6.10E101
Fe-55 GI Tract 1.ME-02 7.09E102
Hn-5h GI 1.7he-02 1,29E402
Zn-65 GI 2.73e-01 3.66E102
Cr-51 GI 1.50E-03 6.32E103
ba-1h0 GI 2.50e-03 4.01E+03
ta-1h0 Gl 2, 20E-02 h.55E102
I-131 Thyrold h.19E-01 2.39E101
Co-508 GI Tract 1.13E-02 £.87E102
Total Body 1.77E-06 1.69E+06

-3

6-4-76
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FIGURE 2.2 -
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