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, 1. Caseous Effluents

3.1 Alar =/ Tris set;eines

,

specification 3.11.2.1 requires that the dose rate in t.nrestricted

areas due to gassous effluents from the site shall be limited at all times

to the.following values:

1. 500 nres/y to the total body and 3,000 nres/y to the skin from '

noble gases.

2. 1,500 cres/7 to any organ from radiciodines and particulates.

Specifiestion 3.3.3.10 requires gaseous effluent monitors to have alar =/

trip setpoints to ensure that the above dose rates are not exceeded. This

section of the CDC'. describes the methodology that vill be : sed to deter it:.e

these setpoints.

rThe methodology for determining alarm / trip setpoints is divided into

two major parts. The first censists of backcalculating from a dose rate

to a release rate licit, in UCi/s, for each nuclide and release point. ne

second consists of using the release rate limits to determine the physical
,

settings on the conitors.

1.3.1 Release Rate 1.i=it "athodoloey _UCi/s !

Step 1

'

The first step involves calculating a dose rate based on the design

objecite source tern mix used in /pvendix I licensint: calculation. H i st o.-ic a'.
,

receorological data used in licensing are also used in this cale.ulation.

Doses are determined for ('.) nobic gases and (2) iodines and particulates.
*

Depending on the pathway involved, either air concentrations or ground

concentratiens are calculatcl.
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A. Equations a=d assu=ptious for c.21culating doses from noble gases ,

are as follows:

Asstn.ete=s

1. Doses to be calculated are total body and skin.

'2. Exposure pathway is sub:mersion richin a cloud of noble gases.

3. Koble gas radionuclide cIx is based on the historically observed

source ter= given in Table 1.1.

4. Basic radiosuclida data are given is T'a,ble 1.2. |

5. All releases are treated as elevated.

6. . Meteorological data are expressed as a joint-frequency distribu-

tion of vind speed, vind directics, a:d at:ospheric stability for

the period (Table 1.3).

Rav teteoroloS esl dita consist of .-l.:d speed and direction1. i

reasure:ests at 256 ft and temperatures at 50 ft and 250 ft.

8. Dose is to be evaluated at the offsite, exposure point where I
-

:

maxf=u= concentrations are er;ected to exist.

9. Focential -.asi=.: -exposure pei:ts are identified in Table 1.h.

|
,

10. A sesi-i= finite cloud codel is used. |

11. credit is ta*ces for shieldi:3 by reside:ce (factor of 0.7). |

|.

12. Plu=e depletion and radioactive de:sy are considered.

13. A sector-averase dispersios equatie: is used.

Ih. The vind speed classes that are used are as fellows:
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1
3 I.

Wind Speed
Number Ranee (m/s) Midpoint ( /s)

1 4J 0.13

2 0.3-0.6 0.45

3 0.7-1.5 1.10

4 1.6-2.4 1.99

5 2.5-3.3 2.80

6 3.4-5.5 4.45

7 5.6-8.2 6.91

3 >10.9 13.00

15. The stability classes that vill be used are the sta=dard A

through C classifications. The stability classes 1-7 vill

correspo:d to A=1, 3=2, . . ., C=7.

16. Terrain effects are not considered.

Iquatier.s

To calculate the dose for any one of the 18 potential =axt=u:n-exposure

Points, the follo.-ing equatices are used.

For' dater-'-#ng the air concentration of any radiosuclide:

9 7
,

?k 'I' t f-A x\q uX "
$k i*i g exp g (1,1)

zk j (2 x/n) ko u
j=1 .:=

there

X = air co:cen:rstien of radionuclide i, uCi/m 3g

f).,= joint relative frequency of occurrence of vinds in vindspeed

class j, stability class k, blowing covard this exposure

Point, expressed as a fraction.
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'Q, = average release rate of radionuclide i, UCi/s.

y = fraction of radionuclide remaining in plume.

vertical dispersion coefficient for stabilityo =

|
' class k (m)

i

;

L = aidpoint value of wind speed class interval j, m/s.
=J
x = downwind distance, m.

a = number of sectors, 16.

A = radioactive decay coef ficient of radionuclide i, s".
g

2wx/n = sector vidth at point of interest, m.

For determining the, total body dose rate

X DFB (1.2)D =
73 g g

where i

D = total body dose race, mrem /y.
TB

3X = sir concentration of radionuclide i, UCi/m .g

DFB = total body dose f actor due to gamma radiation, mrcm/y

per pC1/m' (Table 1.5).

For determining the skin dose rate

D, = Xg [DFSg + 1.11 DFy'] (1.3)
g

i
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where

D, = skin dose race, mees /y.

g = air concentration of radionuclide i. UCi/m'.

DF5 = skin dose factor due to beta radiation, arem/y perg

3DCi/m (Table 1.5).

1.11 = the average ratio of tissue to air energy absorption

coefficients, mres/ mrad.

DFy = gamma-to-air dose factor for radionuclide i, mead /y perg

WCi/m? (Table 1.5).

B. Equations and assumptions for calculating doses from radiciodines

and particulates are as follows:

Assumptions

1. Dose is to be calculated for the critical organ, thyroid, and the
critical age groups, infant (milk) and child (green, leafy vegetables).

2. Exposure pathways from iodines and particulates are milk ingestion,
ground contamination, green leafy vegetables from home gardens, and
inhalation.

3 The radioiodine and particulate mix is based on the historically observed
source term given in Table 1.1.

h. Basic radionuelide data are given in Table 1.2.
5 All releases are treated as elevated.
6. Annual average x/Q's are given in Table 1.3.
7. Rav meteorological data for elevated releases consist

of wind speed and direction measurements at 256'and temperature
measurements at 50' and 250'.

8. Dose is to be evaluated at the potential offsite exposure points.
where maximum doses to man are expected to exist.

9 Real cow, goat and garden locations are considered.

10. Potential maximum exposure points (Table 1.h) considered are
the nearest cow, goat and home garden locations in each sector.
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11. Terrain effects are not considered.
12. Building vake effects on effluent diepercion are considered.
13. Plume depletion and radioactive decay are considered for air-

.

concentration calculations.

14. Radioactive decay is considered for ground-concentration
calculations.

15. Deposition is calculated based on the curves given in Figure 1.1.

16. Milk cows and goats obtain 1007, of their food from pasture grass
May through October of each year.

17. Credit is taken for shielding by residence (factor of 0.7).

i

| Equations

I

)

To calculate the dose for any one of the potential maximum-exposure

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:
.

1

D = 1x10' X m BRg g (1.4)

i

hy erC.i: c a - c_
O, i."': '\;<
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where:

D = organ dose rate due to inhalation, mre:n/y.y

3X = air concentration of radionuclide i, pCi/m ,
i

DFI = inhalation dose factor, mrem /pci (Table 1.7).
3 3 3BR = breathin6 rate lk00 m /y, infant; 3700 m y, child; or 8000 m /y adult.

|

1 x 10 = pCi/pCi conversion factor.

|
.

2. Cround Conta=inction

Tor decemining the ground concentratica of any nuclide:
7

I ' Q DRC = 3.15xit/ 'k i (1-exp -(A t )] (1.5)g g b
(2sx/n) Ag

where

C = ground concentration of radionuclide i, DC1/n'.g

k = stability class.

f = joint relative frequency of occurrence of vinds in stability jg

class k blowing toward this exposure point, expressed as a

fraction.

g = average release rate of radionuclide i, DCi/s.
-1DR = relative deposition rate, m (Figure 1.1 for DR/2W X).

x = doi m ind distance, m.

a = nu=ber of sectors,16.

2 x/n = sector vidth at point of~ interest, m.
~8A = radioactive decay coefficient of radionuclide 1, y

g

t = time or buildup of radionuelides on the ground, 35y.
b

3.15x10' = s/y conversion factor.
5 OD[y *:; b 1 $, .3. , . ip .i

f% , i I ", I. |,,
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Tor deter ining the total body or organ dose rate from ground centamination:

(* }C "
'G i i

*

where: 1

D dose race due to ground contamination, arem/y.=

2C = ground concentration of radionuelide 1, UCi/m ,g

DTG = dose factor for standing on contaminated ground, mres/hg

2per pCi/m (Table 1.8).

8,760 = occupation ti=e, h/y.

lx10' = pCi/UCi conversion factor.

3. Milk Incestion

Tor determining the concentration of. any nuclide (except

C-14 and H-3) in and on vegetation:

7

'k N DR r{1-exo (~ Ei e}} + (1.7)i"
'i (2n /n) Y Ax

g gg

E [1-exp ( 1 t )Igy 1 b
PA g j

vhere:

CV = concentration of radionuclide i in and on vegetation,g

DCi/kg.

k = stability class.

fk = frequency of this stability class and vind direction

combination, expressed as a frsction.

O = average relesse rate of radionuclide i, UCi/s.g

@. ) .' <'\. . I, T .' O
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2DR = relative deposition rate, a (Figure 1.1) .

x = downvind distance, n.

a = number of sectors, 16.

2rx/n = sector vidth at point of intere.st, m.

r = fraction of deposited activity retained on vegetation

(1.0 for iodines, 0.2 for particulates).

A = effective re= oval rate constant, l =A 8-gg g g A,,where Ag
'

is the radioactive decay coefficient, h 1, and 1 , is a

measure of physical lo.ss by veachering (A ,= .0021 h1),

t, = period over which deposition occurs, 720 h.
2Y,= agricultural yield, 0.7 kg/m .

B = transfer factor from soil to vegetation of radionuclidegy

1 (Table 1.9).

1 = radioactive decay coefficient of radionuclide 1, h~2

t = tine r buildup of radionuclides on the ground, 3.07x10 3
b

h (35y).

P = effective surface density of soil, 240 kg/m .2

3,600 = s/h conversion factor.

For determining the concentration of C-14 in vegetation:
3

CVg = 1x10 Xy4 (0.11/0.16) (1.8)
where

CVg = concentration of C-14 in vegetation, UCi/kg.

Xy4 = air concentration of C-14, DC1/m'.

0.11 = fraction of total plant r. ass that is natural carbon.

0.16 = conecntration of natural carbon in the acnosphere,

f%q . h:* T3 I[?; @p:M1x10' = g/kg conversion factor.
.n A(3 :'
!! c

.. m. 7 t .n ,-

?- ? k:p.: . -

'a7- '
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For deter =ining the concentration of H-3 in vegetation:
3

CV.g = 1x10 g (0.75)(0.5/H) (1.9)
where

Cf.g = concentration of H-3 in vegetation, UCi/kg.
8g = air concentracien of H-3, C1/m .

0.75 = fractica of total plant c: ass that is uster.

0.5 = ratio of tritium concentration in p.lant water to critium

concentration in atmospheric water.

E = absolute humidity of the atmosphere, g/m'.

lx108 = g/kg conversion factor.

For determining the concentration of any nuclide in cow's or goat's milk:

CM =W mQ exp (4 t) (1.10)g g g g g g

where
,

CM =. concentration of radionuclide 1 (including C-14 and H-3)g

in milk, UCi/1.

CV = conecutration of radionuclide i in and on vegetation,g

VC1/kg.

TM = transfer factor from feed to milk for radionuclide 1. d/l(Table 1.6).g

Q = cmount of feed consumed by the milk animal per day, kg/d.g

A = radioactive decay coefficient of radionuclide i, d~3g

t = transport time of activity from feed to milk to receptor,g

2 days.

For detemining the organ dose rate from ingestion of green leafy vegetables and
milk:

D = 1x10' Clf DF UM (1.11)g

i

mqmS -I
4. , .. ,

k
b %'''

.- I+,,
4 g

'
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where

D = Organ dose rate due to ingestion, mrem /y.
CM3 = concentration of radionuclide i in vegetables or milk, pCi/Kg

(or liters)
DFG = ingestion dose factor, mrem /pci (Table 1.7).g

L

UM = ingestion rate for milk, 3301/y; for vegetables 26 Kg/yr (child),
no ingestion by infant.

lx10 = pCi/pCi conversion factor.

4- ' Organ Dose Rates

For determining the total thyroid dose rate from iodines and
particulates:

D=D7+DG M+#
*v

where

{D. = total organ ' dose rate, are=/y.
D =, dose rate due to inhalation, cre=/y.
D. dose rate due to ground contamination, cre=/y.

=

D.

D, dose rate due to nilk ingestion, crem/y.
=

= dose rate due to vegetable ingestion, cre=/y.The & i=um ' organ dose rat * , maximum total body dose rate, and maximum skin dose
rate calculated in this step vill be used in step 2.

5 Design Easis 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 following:

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

c) 15 millirem to any organ of an individual from iodines 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

% D M. 5.T.DD%% -q t -\ s s s
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Design basis quantities (Ci) are calculated by dividing the dose li=its
i

(a through e, above) by the appropriate dose calculated in step 1; the '

result then is multiplied by the amount of radionuclide (C1) used to
calculate the doses of step 1, as listed in Table 1.1:

DBq = AI (C )
e

D |C 1

where
D = Appendix I dose limit (mre= or mrad)AI

D = Calculated dose from step 1 (crem or mrad)

C = Quantity of nuclide resulting in' dose D (Ci) and.

DBQ = Design Basis Quantity (Ci)

Design Basis Quantities for radionuclide released to the atmosphere
are given in Table 1,9

The inverse of the ratio C /D in the above equation (i.e. D ! cc e c
is a useful value, since it represents the dose per unit quantity of
each nuclide released. Use of the D /C ratio in monthly evaluation of

c
offsite dose is discussed in section 1.2. Values of D /C are given in
Table 19

Step 2

The d7se rate limiti of interest for setpoints (10CFR20) are

Total bcdy = 500 mres/y

Skin = 3,000 mre=/y

Maxi =us organ = 1,500 cre=/y

Dividing the above limits by the ap;ropriate dose calculated in step 1
yields a useful ratio.

_ Dose limit ,g
Dose step 1

%y O, 6 @bbt,. A,

N,
. . 't-c. a

2' |.

$g.fi~;t_.s;e:9 d.

.
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Thic 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 vCi/s for each nuclide vill be provided
for use in establishing monitor setpoints. The setpoint for each gasecus
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 (epm). 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 number for each gaseous radiation detector is contained in
plant documentation.

1.2 Monthly Dose Calculations

Dose calculations vill 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 qurter, 5 mrad to air and 2 5 mrem to an individual
for gama radiation and 10 mrad to air and 7.5 millirem to skin of an
individual for beta 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 iodines and particulates,

1. During any calendar quarter, 7 5 mrem to any orcan.
2. During any calendar year,'15 mrem to any organ.
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This section of the ODCM describes the methodology that will be used
to perform these monthly calculations.

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

,
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Step 1

Doses vill be calculated using the methodclogy deceribed in this step. The

method utilizes a limiting dose concept such that the limiting dose 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

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

Assumptions

1. All assumptions of Section 1.1 are utilized

2. Limiting doses for each gaseous nuclide are summed, regardless of limiting

decay mode (ga:=na or beta)

3. Limiting doses for each particulate and iodine nuclide are summed, regard-

less of dose point location, exposure pathway or organ affected.

h. 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

G= A c! c iG 5 millirad / quarter, 10 mrad /yriG <

o

#'
D = Dose from gaseous effluents (mrad)
G

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

(D /C )iG = Dose per Ci factor for gaseous nuclide i (mrad /Ci)c

The limit for this mixture is conservatively taken as that for gamma exposure
i

(5 mrem / quarter,10 n .em/ year) although as indicated in Table 1.9, a majority |

>f the gs tous efflutnts are beta-limiting and on an individuni basis have
he higher limit of 10 millirem / quarter and 20 millirem / year.

Dk .e 1 :x., o e.
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For determining iodine and particulate dose to organs:

D = A b ! c PIi I * ' *#'"!" ' l' "#'"!7*py py1 c

o
where

D = Dose from particulates and iodines (= rem)py

A = Quantity of particulate or iodine nuclide i released (Ci)pyg

( (D /C se per M factor for padedate or iodine nucHde i brah=
c c PIi

{

Step 2.

This methodology is to be used if the highly conservative calculations in step 1
yield doses that appear to exceed applicable limits.

Doses for released particulates, iodines and noble gasses vill be determined by use

of the NRC GASPAR co=puter code. The computer run vill utilize the most recently
compiled joint frequency meteorological data available for the appropriate interval

(not less than a calendar quarter; normally an annual average) and vill reflect
.de.mographic and lan'd use information from the land use survey generated in the most
recent prior year. Where appropriate, seasonal adjustments vill be applied to obtain
realistic dose estimates since both recreational and agricultural activities can vary

*

greatly in relation to season of the year.

An alternative to GASPAR for offsite dose calculation is use of the General
Office Control Center Emergency offsite dose calculation progra.. This

system allows evaluation of dose under the actual meteorological conditions present
at the time of release. It is anticipated that the system may be used if major

short-term releases are made under conditions
which depart significantly from mean annual conditions.

e
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1.3 Gaseous Radwaste Treatment System Operation

| Gaseous radvaste treatment consists solely of a 30-minute decay line for
i

l condenser air ejector exhaust. This system shall be maintained and operated to

keep releases ALARA. Figure 1.2 diagrams Big Rock Point gaseous . mission.

discharge paths.

131 Dose calculations

Doses will be calculated monthly using the methodology described in Section

1.2.

.
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2. Liquid Effluents

2.1' Concentration

2.1.1 RETS Require.cnt

Specification 3 9.2 of the Radiological Effluent Technical Specifi-

cations (RETS) requires that the concentration of radioactive materisi

released at any time from the site to unrestricted areas

shall be limited to the Maximum Permissible Concentration (MPC)
specified in 10CFR20, Appendix B, Table II, Column 2 for

;

nuclides other than dissolved or entrained noble gases. For dissolved or

entrained nobic gases, the concentration shall be limited'to 2x10 ' WCi/mi !

total activity. To ensure compliance, the folicwing approach will be used
;

;

:

for each release.
t

2.1.2 Prerelease Analvsis '
,

,

Most tanks vill 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

L

too large to provide two volume changes vill 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 appropriate re- '

circulation time.

!

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

-the concentration of each radionuclide determined.
1-
!"
i

C I

C) = g (2.1) |
where: gg

i

C) = tots 1 concentration in the liquid affluent at release

point j, DCi/ml.
,

i-

C = concentration of radionuclide 1, pC1/ml. Qi1 R'a, 'Q~ 31;4il
'l

i r -

71 a
p; .4 -| Ty..i;

r [] }3 a . . .

m
'J # ,I},j

cc p.d? ;'- Jc :t , < -i

;My a,{
,
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!
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2.1.3 MPC-Sum of*thn Raties- -

,

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

calculated by the following relationship.

C C C C

= Jc, + E + dc * * * + tu c,
R + "

3
i

where:

Cg ,= unJiluted effluent concentration of radionuclide i, as

dete mined in Section 2.1.2, UC1/ml.

HPC = the M?C of radionuclide i, as specified in Section 2.1.1,g

pCi/ml.

R = the sun of the ratios for release point J.
3

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 relationship vill assure this
criterion is met:

f (R -1) + f ( 2-1) + 3(A '1) + '4(E -1)'1 T (2.3)g g 2 3 4

where:

f.f.f.f;= The effluent flow rate (gallons / minute) for theg g 3

respective releases, determined by plant personnel.

g,R,R),R;= the sum of the ratios of the recpective releases
as determined by Equation 2.2.

T=
minimum required dilution flow rate,

2.2 Ins e rt= en t Set oints S. h hengst1 j n2.2.1 seteoint octer-i-a: ton
. i g , c '' id;] *

- ) c;
, lyi : 4..f. uq ~'

&UU WD L
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.

The setpoint for each liquid effluent monitor will be established using -

plant instructions. Concentration, flow rate, dilution, principal samma

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 each release point will be set

such that the sum of the ratios at each point, as calculated by Equation

2.2, will not be exceeded. The R is directly related to the total

concentration calculated by Equation 2.1. An increase in the concentra-
.

tion would, indicate an increase in the respective R . A large increase

would cause the limits specified in Section 2.1.1 to be exceeded. The

'sinimum alarm / trip setpoint value is equal to the release concentration,

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

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

s) = b) x c) - (2.4)

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

tr 5Mds;

'N Q[Q $
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2.2.2 Post-Kelease Ansivsis

A post-release analysis vill be doce using actual release da:a to

ensure that the li=its specified in Sectics 2.1.1 vere not exceeded.

A composite list of concentrations (C ), by iscrepe, vill be usedg

with the actual liquid radvaste (f) and dilu:ics (F) flo. ratas (or vale =as)

during the release. The data vill ha substi:utad into Equatics 2.3 :o

de=onstrate co:plianca with the li=1:s in Sa tion 2.1.1. Tnis data and

setpoints s-ill be recorded in auditable ra:crds by plant perse::al.

2.3 Dose

2.3.1 RETS Recuirement

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
radioactive materials in liquid effluents released to unrestricted

areas from each reactor (see Figure 2.2.) vill 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 vill be summed for each release and accumulated for each
quarter as follows:

2.3.2 Release Analysis

Calculations shall be performed for each batch release, and weekly

for continuous releases according to the formula E A /Ci < 0.5
g ,

where A = cummulative quarterly activity of nuclide i identified
g

in liquid release (Ci)

Ci = DesiCn objective annual quantity of radionue11de i from

Table 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 C e g, y
I( f(D /C ) g for each nuclide i shown in Tabic 2.2 , were enicui *a '.

[}E {.gfollovn:

| &|h i@ dd B
__ . _ _ . .
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2.3.2.1 Vater Incestion
The dose to an individual from ingestion of water is described by the

following equation.
g

(DCF)gD xI rem (2.11)=

i=1

where:
thD = dose for the j organ from radionuclides released rem.

) = the organ of interest (thyroid or total body).

DCF = adult ingestion dose commitment factor for the th

organ from the i radionuclide rem /pC1, see attached
as Table 2.1.

|
t

thI = t etivity ingesied of the i radionuclide, pCi.g

I is described'byg

=(A )(I)(365)Ig g
pCi (2.12)1000d

where:
,365 = days per year

'

A = annual activity released of i radionuclide 9C1.g

V = average rate of water consumption (730 ml/d ICEP 23, p. 358)
d = dilution water flow for year

1000 = di5persion factor from discharge to nearest drinking
water supply.

The dose equation then becomes

D = 266 (DCF)g xA mrem (2.13)g

i=1

2.3.2.2 Fish Inrtention

The dose to an individual from the concumption of fish is deceribed by
thEquation 2.13. In this case the activity ingested of the j radionuclide (I )g

is described by

N h'(25115)El
A B F LtIg= i i , UCi

. gg Gj ;>
t.$15a .

$n a ehi:dd if
m a
d

"
'

E! b!$ E
.

_ - _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _
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where:

A = Annual released of i radionuclide, UCi
g

B = Fish concentration factor of 1 radionuclide uCi/rm |0
1 pCi/ml, |

see Table 2.0.
F = Amount of fish eaten per day (57.5 gm)

15 = Dispersion factor from discharge to fish exposure point
d = dilution water flow, year to date (nl)
t = Days to date of release (to adjust F for period of

calculation)

The dose equation then becomes:
i

3.8 t A xB x DCF wem (2.19Dg =
g g

i=1

2.3.3 Annual Analysis

A complete analysis utilizing the NRC computer code LADTAP with the
total source release vill be done annually in conjunction with the annual
environmental report. This analysis vill 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 j organ from m radionuclides, D), is described by

a

rem (2.16)D)D) = g

i=1
R,

(Der)1) x I , rem GW.
t

LdL' f3 7; 5".Q'3
nn i.0

-

i YfOkj!?D
where: - E

th th '~ '

g3,= dose to the j organ from the i radionuclide,''ren.'D

* j = the organ of interest (bone, CI tract, thyroid, or total

body).

(DCT)g = adult ingestion dose co=ittent factor for che,j
organ from the i* radionuclide, re:/;;C1, see Table 2.1.

._
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E

= acMy Wesud d de O radionuclide, WI
f

Ig for Water ingestion is described by
A VT

I * I (2.18)'
i pCi

ud

and for fish ingestion I is described byg

I = ^i i *
i , pCi (2.19)

ud

where

A = activity released of ,)th radionuclide during the year, pCi
g

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

T T number of days during the year (365 d)

u = dispersion factor from point of discharge to point of exposure.
d = dilutior. water volume (ml)

th
B = fish concentration factor of the i radionuclide,

y

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

2.h Operability of Liould Radvaste Equirment

Specification 3 9 5 of the Radiological Effluent Technical Specifications
requires that the liquid radvaste 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 (see
Figure 2.1) would exceed Specification 3 9 1. Maintaining the cumulative

fraction of allowable release for each batch release and veekly for

continuous releases assures compliance with this requirement.

|

|
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TABLE 1.1

BIG ROCK POINT

! AIRBORNE RELEASES

t

Nuclida Be_1. ease (Ci/yr)

****
I 131 4.07(-2)
I 133 6. 09 (-2) From 23rd Semi-Annual Operat-
1135 4 .08(-1) ing Report as adjusted to S0
Cs 134 7. 34(-2) percent capacity facter.
Cs 137 3. 37(-2) ;

BaLa 140 3. 20(-2) |

Mn 54 9 . 29 (-4) |

Co 60 5 . 60(-3) |

Co 58 1.50(-4) +

Xe 139 1. 35 (+4) From 23rd Semi-Annual Operating
Kr87 1. 45 (+4) Report as adjusted to 80 percent
Kr 88 1. 03 (+ 4) capacity factor.
Kr 85m 4. 69 (+3) ,

Xe 135 1.99 (+4) |
Xe 133 9. 5 6(+3) |
Xe 140 3. 74 (+ 1) |
Kr 90 4.5 6(+2) |
Xe 139 6.76(+2) |
Kr 89 1. 01(+3) |
Xe 137 1. 76(+3) |
Xe 135m 3. 78 (+3) |
Kr 83m 2. 44(+3) '

Xe 133m 3. 65 (+2) |
Xe 131m 3. 74(+1) |
Kr 85 2. 55 (+2) |
N 13 1.90(+3) +

H3 7.39(0) From 23rd Semi-Annual
Operating Report.

C 14 9.5(0) NUREG-0016
Ar 41 2 .5(+ 1) NUREG-0016

b
E' M f3. k$. h;Efh Mi. %a.v-
f b.Y ' 'I

,

h.
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TABLE 1 .h.

. -

BIG ROCK POI!;T PLANT-

IDCATICII CHART FOR ITE'S(1 IMPORTAI!T TO
CALCULATIO:s OF DOSES TO I!IDIVIDUALS

DISTAIICE (MILES)

Sector 0-1 1-2 2-3 3h h-5

ENE R,V (2 5) R, V--- - - -----

R,V(1.3) R, V C (3 5) R, VE ----

G (3.25)
M (3.75)
R, V

R,V(1.3) M (2 5) R, V R, VESE -----

R, V
C (2.25)

SE M (i.75) C (2.25) R, V R, V- - - -

R,V(1.6) R, V
C (1 75) G-(3 0)

R,V(1.6) M (2.25) R, V C (h)SSE ----
'

R, V C (3 5) R, V

R ,V(1 5 )- R, V R, V'S ---- - - - -

R,V(1.5) R, V R. VSSW - -- - - - -

G (1 5)

SW H,V(2 5) R, V R, V- - - - - - - -

WSW R,V(2.75)--- ----- - - - - -----

W ----- ----- ----- ---_- -----

(1) C = cov )
G = geat )
M = meat animal) Numbers in parentheses are distances

in miles from reactor.

R = residence ) A vegetable garden is assumed at each
V = vegetable garden) residence. For purposes of calculaticns.

beyond 2 miles, a residence may be located
in sector annulus at loestion of highest
calculated dose. Therefore, distances
are not given.

(2) Sectors not listed are entirely over water out to 5 mile . ~ U.Q R |.. . .e?. . p x.
'

[ pie.i J'' ',' d
Ji i' f M. jq kJp p jg.] n. i :p p

:

,

ph $. *
-

_. . ,
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TABLE Lh

BIG ROCK POINT PLANT
CURRENT LOCATIONS OF MAXIMUM DOSE

DISTANCE NORMAL X/Q DEPOSITION D/Q
tiG (IIILES) DIRECTION DESCRIPTION (s/m3) (1/m ) |..2

.

'

-I -91 1.25 E Max residence, garden 2 98 x 10 2. l:8 x 10

-I -92 1 75 SE Max milk cow 1.65 x 10 1.03 x 10

-O
3 1.5 SSW Max milk goat 9.!: x IO- 5.8 x.10

s

-7 -10k 1.75 SE Max meat animal 1.38 x 10 9.67 x 10

. . EL /c .

YkW
zwssi
ggfDi2?9

"

regenm>#
1%J*

WMt|5l??-
U \|b.

1::*

y
^
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TA3tt 1.5
-

,

. t

DO$t FACTORS FOR St*3MERSICK IN N031I CUES. -

i

f

iI DPr* DFS DF38
I

|
DFB

Er-85m 1.17 (+3) 8 1.21(+3) 1.46(+3) 3.86(+3) ,

Kr-85 1.61(+1) 1.69(+1) 1.34 (+3) 3.83(+3)

Er-87 5.92 (+3) 6.05 (+3) 9.73 (+3) 2.01(A4)

Kr-88 1.47 (+4) 1.50(M) 2.37(+3) 5.72 (+3) I
|

Kr-89 1.66 (+4) 1.59 (+4) 1.01(+4) 1. 88 (+4) j
2e-131m 9.15(+1) 1.53 (+2) 4.76 (+2) 2.18(+3) ;

Ze-133m 2.51(+2) 3.17 (+2) 9.94 (+2) 2.90(+3) I

2a-133 2.94 (+2) 3.46 (+2) 3.06 (+2) 2.06 (+3)

Xe-135m 3.12 (+3) 3.30(+3) 7.11(+2) 1. 45 (+3) |

Ze-135 1.81(+3) 1.88 (+3) 1. 86 (+3) 4. 84 (+3) !

Xe-137 1.42 (+3) 3.4 S (+3) 1.22(M) 2.50 (+4) !
!

Xe-138 8.83(+3) 9.00 (+3) 4.13(+3) 9. 25 (+3) I
I

Ar-41 8.84 (+3) 9. 76 (+3) 2.69 (+3) 5.54 (+3) !

A1. ares /y per UC1/m8 ;32. arad/y per uCi/m .
3. 1.17 (+3) = 1.17x10 ' .

!
,

!,
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f
,

P

aw a
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k%..b,C
i* #
'
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TABLE 1.6

STABLE ELEMENT TRANSFER DATA.
2

ELEMENT F MILK
m -(CDW) Fm(- MILK Fr - MEAT

00AT)

H 1. E-02 1.7E-01 1.2E-02
C 1.2E-02 1.0E-01 3.lE-02
Na 4.E-02 4.E-02 3. E-02
P 2.5E-02 2.5E-01 4.6E-02
Cr 2.2E-03 2.2E-03 2.4E-03
Mn 2.5E-04 2.5E-04 8.0E-04
Fe 1.2E-03 1.3E-04 4. E-02
Co 1.E-03 1.0E-03 1.3E-02-
Ni 6.7E-03 6.7E-03 5.3E-02
Cu 1.4E-02 1.3E-02 8.0E-03
Zn 3.9E-02 3.9E-02 3. E-02
Rb 3.E -02 3.0E-02 3.lE-02
Sr 8.E-04 1.4E-02 6.E-04
Y 1.0E-05 1.0E-05 4.6E-03
Zr 5.E-06 5. E-06 3.4E-02
Nb 2.5E-03 2.5E-03 2.8E-01
Mo 7.5E-03 7.5E-03 8.E-03
Tc 2.5E-02 2.5E-02 4.0E-01
Ru 1.E-06 1. E-06 4. E-01
Rh 1.0E-02 1.E-02 1.52-03
Ag 5.E-02 5.E-02 1.7E-02
Te 1.0E-03 1.0E-03 7.7E-02
I 6.E-03 6.E-02 2.9E-03
Cs 1.2E-02 3.0E-02 4.0E-03
Ba 4.E-04 4. E-04 3.2E-03
La 5.E -06 5.0E-06 2.0E-04
Ce 1.E-04 1.E-04 1.2E-03
Pr 5.0E-06 5.0E-06 4.7E-03
Nd 5.E-06 5.E-06 3.3E-03
W 5.0E-04 5.0E-04 1.3E-03
PQ 5.E-06 5.E-06 2. E-04 <

l

~
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TABLE 1.7*

INHALATION DOSE FACTORS FOR INFANT'

(MAEM PER PCI INHALED)

Page 1 of 3

f

NUCLIDE SONE LIVER T.800Y THYROID RIDNEY LUNG GI-LLI

H 3 NO DATA 4.6?E-07 4.62E-07 4.62F-07 4.62E-07 4.62E-07 4.62E-07
C 14 1.89E-05 3.79E-06 3.79E-06 3.79E-06 3.79E-06 3.79E-06 3.79E-06
NA 24 7.b4E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06 |

.--..______................... ..........-...--...--.......__......... ,

P 32 1.45E-03 0.03E-05 5.53E-05 NO DATA NO DATA NO DATA 1 15E-05
CR 51 NO DATA NO DATA 6.39E-08 4.11E-08 9.45E-09 9.17E-06 2.55E-07
MN 54 NO DATA 1.81E-05 3.56E-06 NO DATA 3.56E-06 7.14E-04 5.04E-Ot

mN 56 NO DATA 1.10E-09 1.58E-10 NO DATA 7.86E-10 8.95E-06 5.1?E-05

FE 55 1.41E-05 0.39E-06 2.35E-06 NO DATA NO DATA 6.21E-05 7.02f-07
FE 59 9.69E-06 1.68E-05 6.77E-06 NO DATA NO DATA 7.25E-04 1.77E-05

CD 58 NO DATA 8.71E-07 1.30E-36 NO DATA NO DATA 5.55E-04 7.95E-06

CD 60 NO DATA 5.73E-06 8.41E-06 NO DATA NO DATA 3.22E-03 2.28E-05
NI 43 2.42E-04 1.46E-05 0.29E-06 NO DATA NO DATA 1 49E-04 1.73E-06

NI 65 1.71E-09 2.03C-10 8.79E-11 NO DATA NO DATA 5.8DE-06 3.5BE-05
CU 64 NO DATA 1.34E-09 5.53E-10 NO DATA 2.84E-09 6.64E-06 1.07E-05
2N 65 1.30E-15 4.*76-05 2.22E-05 NO DATA 2.32E-05 4.62E-04 3.67E-05

2N 69 3.85E-11 6.91E-11 $.13E-12 NO DATA 2.87E-11 1.05E-06 9.44E-06
RR 83 NO DATA ND DATA 2.72E-07 NO DATA NO DATA NO DATA LT E-24

BR 84 NO DATA NO DATA 2.86E-07 NO DATA NO DATA NO DATA LT E-24

BR 85 NO DATA NO DATA 1. 4 6E'-0 8 NO DATA NC DATA NO DATA i' E-24
RB 86 NO DATA 1.36E-04 6.30E-05 NO DATA NO DATA NO DATA 2.17E-06
90 88 NO DATA 3.9BE-07 2.03E-07 NO DATA NO DATA NO DATA 2.42E-07

R8 89 NO DATA 2.29E-07 1 47E-07 NO DATA NO DATA NO DATA 4.87E-08
SR 89 2.84E-04 NO DATA 8.15E-06 NO DATA NO DATA 1.45E-03 4.57E-05

SR 90 2.92E-02 NU DATA 1. 8 5 E-0 3 NO DATA NO DATA 8.03E-03 9.36E-05

SR 91 6.83E-08 NO DATA 2.47E-09 NO DATA NO DATA 3.76E-05 5.24E-05

SR 92 7.50E-09 NO DATA 2.79E-10 NO DATA NO DATA 1.70E-05 1 00E-04
Y 90 2.35E-06 NO DATA 6 30E-08 NO DATA NO DATA 1.92E-04 7.43E-05

Y 91P 2.91E-10 ha DATA 9.90E-12 NO DATA NO DATA 1 99E-06 1.68E-06

Y 91 4.20E-04 N3 DATA 1.12E-05 NO DATA NO DATA 1.75E-03 5.02E-05
Y 92 1.17E-08 NO DATA 3.29E-10 NO DATA NO DATA 1.75E-05 9.04E-05

i
!
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TABLE l7 CONT'D
'

-

INHALATION DOSE FACTORS FOR INFANT I
t

(MREM PER PCI INHALED) |

Page 2 of 3

:
!
!
,

|

seUCLICE SONE L!vtR T.80DY THYROID KIONEY LUNG GI-LLI [
.. .._--.. ~ .. .__ ._.. .......;. -..____.. ..... ...........

.

Y 91 1.07E-07 NO DATA 2. 9 t E-0 9 NO DATA NO DATA 5.46F-OS 1.19E-04 ;

2R 95 W.24E-03 1.19E-05 1.45E-05 NO DATA 2.22E-65 1.25E-03 1.55E-05 !

ZR 97 1.07E-07 1.83E-08 8.36E-09 NO DATA 1.85E-08 7.88E-05 1.00E-04 ;

. . . . . . . . - . . . . . . . . . . . _ . . . . . _ _ . . . . . . . . . . . . . . . . . . . _ - . _ _ . _ . . . . _ . . . !

NB 95 1.12E-05 4.59E-06 2.70E-06 NO DATA 3.37E-06 3.42E-04 9.05E-06

MO 99 NO DATA 1.18:i-07 2.31E-08 NO DATA 1.R9E-07 9.63E-05 3.48E-05 ,

i TC 99m 9.90E-13 2.0cE-12 2.66E-11 NO DATA 2.22E-11 5.79E-07 1 45E-06 ;
i

TC101 4.65E-14 5.98E-14 5. 8 0 E-13 NO DATA 6.99E-13 4.17E-07 6.03E-07 .

RU103 1.44E-06 Nd DATA 4.85E-07 NO DATA 3.03E-06 3.94E-04 1.15E-05
AU105 8.74E-10 NO DATA 2.9)E-10 NO DATA 6.42E-10 1.12E-05 3.46E-05

i

RU106 6.20?-05 NU OATA 7.77E-06 NO DATA 7.61E-05 8.26E-03 1.17E-04 ;

AG1104 7,13E-06 5.16E-06 3.57E-06 NO DATA 7.80E-06 2.62E-03 2.36E-05 ;

TE125F 3.40E-06 1.42E-06 4.70E-07 1.16E-06 NO DATA ,3.19E-04 9.22E-06 {

; TE127P 1.19E-05 4.93E-06 1. 4 8 E -0 6 3 4BE-06 2.69E-05 9.37E-04 1.95E-05 [
i TE127 1.59E-09 6.8tt-10 3.49E-10 1.32E-09 3.4TE-09 7.39E-06 1.74E-05 ,

TE129* 1.01E-05 4.35E-06 1.59E-06 3.91E-06 2.27E-05 1 20E-03 4.93E-05 -

TE129 5.63E-11 2 48E-Il 1,34E-11 4.82E-11 1.25E-10 2.14E-06 1.88E-05 ,

TE131M 7.62E-08 3.93E-08 2.59E-38 6.3BE-08 1.89E-07 1.42E-04 8.51E-05 i

TE131 1.24E-11 5 87E-12 3.57E-12 1.13E-11 2.85E-11 1.47E-06 5.R7E-06 |
j..............-...... .... ... ........ .... .... ....... . .....

TE132 2.66E-07 1.69E-07 1. 2 6 E-0 7 1.99E-07 7.39E-07 2.43E-04 1.15E-05 :

1 130 4.54E-06 9.91E-06 3.98E-06 1.14E-03 1.09E-05 NO DATA 1.42E-06 ,

i 131 2.71E-05 3.17 E- 0 5 1.40E-05 1 06E-92 3.70E-05 ho DATA 7 56E-07 I

!

! 132 1.21E-06 2.53E-06 8.99E-07 1.21E-04 2.92E-06 NO DATA 1.36E-06 ;

I 133 9.46E-06 1.37E-05 4.00E-06 2.54E-03 1.00E-05 NU DATA 1.54E-06

1 134 6.S8E-07 1.34E-06 4.75E-07 3.18E-05 1.49E-06 NO DATA 9.21E-07 [

I 135 2.76E-06 5.45E-06 1.99E-06 4.9?E-04 6.05E-06 NO DATA 1.31E-06 !

C5134 2.83E-04 5.02E-04 5.32E-05 NO DATA 1 36E-04 5.69E-05 9.53E-07 ;

C5136 3 45E-05 9.61E-05 3.78E-05 NO DATA 4. 03E-05 8.40E-66 1.02E-06 !

. .____...................__.. __.....__.__...___.____.......__........ j

C5137 3.92E-04 4.37F-04 3.2SE-05 NO DATA 1. 2 3E-04 5.09E-05 9.53E-07
C5138 3.61E-07 5.S8E-07 2.R4E-07 NO DATA 2.93E-07 4.67E-08 6.26F-07 i

SA139 1 06E-09 7.03E-13 3 07E-11 NO DATA 4.23E-13 4.2%E-06 3.64F-05 I

,
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TABLE 17 CONT'D
**

.

INHALATION 00SE FACTORS FOR INFANT

(MREM PER PCI INHALED)

Page 3 of 3

,NuCL10E SONE LivCR T.600Y THYR 010 KIDNEY LUNG GI-LLT

84140 4.00E-05 4.00E-08 2.07E-06 'NO DATA 9.59E-09 1.14E-03 2.74E-05

8A141 1.12E-10 7.700-14 3.55E-12 NO DATA 4.64E-14 2.12E-06 3.39F-06

M4142 J.84E-11 2.365-14 1. 40 E -12 NO DATA 1.36E-te 1.11E-06 4.95E-07

L A140 3 61E-07 1. 4 3t-07 3 68E-08 NO DATA NO DATA 1 20E-04 6.06E-05

LA142 7.36E-10 2.69E-10 6. 4 e E -1 1 h0 DATA NO DATA 3 67E-06 4.25E-05

CE141 1 98E-05 1.19E-05 1.42E-06 NO DATA 3.75t-06 3.69E-04 1.54E-05

CE143 2 09E-07 1 18E-07 1.54E-08 No DATA 4.03E-08 8.30E-05 3 55E-05

CE144 2.28E-03 8.oSE-04 1.26F-06 NO DAla 3.84E-04 7.03E-03 1.06E-04
FA143 1.00E-05 3.74E-06 4.97E-07 NO DATA 1.41E-06 3.09E-04 2.66t-05

__-_-__.-__ _ ______. __.____.____________.__. ____. _______.__..______.__
PR144 3 426-11 1.32E-11 1 72E-12 NO DATA 4.90E-12 1.15E-06 3.06E-06

N0147 5.67E-06 5.81F-06 3.57E-07 NO DATA 2.25E-06 2.30E-04 2.23E-05
W 187 9.26E-09 6.44E-09 2 23E-09 NO C A1 A, NO DATA 2,83E-05 2.548i-05 '

)
'

NP239 2.65E-07 2.37E-08 1 34E-06 NO DATA 4.73E-08 4.25E-05 1.78E-05

.
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TABLE 1.7-

.

INHALATION DOSE FACTORS FOR CHILD

(MREM PER PCI INHALED)

Page 1 of 3

NUELICE SONE liver T. AODY THYROID E1DNEY LUNG Gl.LLI
__............ ..............___ ....................................___..
H 3 NO DATA 3.c4E-07 3.04E-0T 3.04d-07 3.04[-07 3 04E-r7 3.04E-07
C 14 9.70E-06 1.82E-06 1. 62 E-0 6 1.82E-06 1 82E-06 1.82E-06 1 82E-06
NA 24 4.35E-C6 4.35*-06 4. 3 5E-0 6 4.35E-06 4.35E-e6 4.35E-06 4.35E-06

P 32 7.04E-04 3. 09 E- 0 5 2. 6 7 E-0 5 NO DATA NC DATA Nn DATA 1.14E-05
CR 51 NO DATA NO DATA 4.17E-08 2 31r-0A 6.576-09 4.59E-06 2.93E-07
MN 54 NO DATA 1.161-05 2.57E-06 NO DATA 2 71E-06 4.26E-04 6.19F-06 1

l

PN 56 NU DATA 4.*8E-10 8. 4 3 E-1 1 NO DATA 4.52E-10 3.55E-06 3.33E-05
FE 55 1.28E-05 6.00E-00 2.1GE-06 NO DATA NO DATA 3.00E-05 7.75E-07
FE 59 5.59E-06 9.c4E-06 4.51L-06 NO DATA NO DATA 3.43E.04 1.91E-05

CD 58 ND DATA 4.T96-07 8.55E-07 NO DAT% NC DATA 2.99E-C4 9.29E-06
4 CD 60 NO DATA 3.55E-06 6.12E-06 NO DATA NO DATA 1.91E-03 2.60E-05

NI 63 2.22E-04 1.25F-05 7.56E-06 NO DATA NO DATA 7.43E-05 1.71E-06

241 65 8.'C8E-10 7.99E-11 4.44E-t1 Nn DATA NO DATA 2.21E-06 2 27E-05
CU 44 NO DATA 5.J0E-10 2.90E-10 NO DATA 1. 6.3 E-09 2.59E-06 4.92E-C6

2.% 65 1 15E-05 3.06E-05 1.90E-05 NO DATA 1 93Ebo5 2.69E-04 6.415-06
............._........._.__.... .__... .... _ ... .__..................
2 N 61 1.81E-11 2.61E-11 2.41E-12 NO DATA 1 58E-11 3.84E-07 2.75E-06
MR 83 NO DATA NO DATA 1.20E-07 No DATA NC DATA NO DATA LT E-24
GR, R4 NO DATA Nu DATA 1.4RE-07 NO DATA NC DATA NO DATA LT E-?'

8% 85 NO DATA NO DAT4* 6. 84 E-0 9 No DATA NO DATA NO DATA LT E-24
RO A6 NO DATA 5.36E-05 3.09E-03 NO CATA NO DATA NO DATA 2 16E-06

NC DATA NO DATA 4.665-09RE 88 NO DATA 1.52E-0T 9.90E-08 NO DATA ,

R6 89 NO DATA 9.33E-08 7.8sE-OR NO DATA NC DATA NO DATA 5 11E-10
54 89 1.62E-04 NO DATA 4.6cE-06 NO DATA NO DATA 5.83E-04 4.52E-05

5R 90 2.73E-02 NO DATA, 1. 76E-0 3 ND* DATA NC DATA 3.99E-03 9.28E-05
...... __.... ........ __..........._..... _ ...... ____......___....
$P 91 3 28E-CB NO CATA 1.24E-09 NO DATA 40 DATA 1 44E-05 4.70r.C5,

SR 92 3 54E-09 NO DATA 1.42E-10 NO DATA NO DATA 6.49E-06 4.55E-05

Y 90 1 11E-C6 NO DATA 2.94F=08 NO DATA NC DATA 7.071-05 7.24E-05
................................. ............ ............<,.............

Y 91P 1.37E-10 NO DATA 4. 9 8 E-12 NO DATA NO DATA 7.60F-C7 4.64r-07

Y 91 2.47E-04 NO DATA 6.59E-06 NO DATA No DATA 7 10E-04 4.97C-05
Y 92 5.50E-09 NO DATA 1. 5 7 E-10 NO DATA NO DATA 6.46E-C6 6.46E-C5

.
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TABLE 1.7 CONT'D'

,

INHALATION DOSE FACTORS FOR CHILD

(MF.EM PER PCI INHALED)

Fage 2 of 3

!
.i

gUCLICE SONE liver T. dcoY THvROID alDNEY LUNG GI-LLI

Y 93 5.04E-08 NO DATA 1.3eE-09 NO DATA NO DATA 2.01E-05 1.05E-04
2R 95 S.13E-05 1.13E-05 1.00E-05 NO DATA 1.61d-05 6.03E-04 1.65E-05

2R 97 5.07E-08 7.J4E-09 4.32E-09 NO DATA 1.05E-08 3.06E-05 9.49E-05

NB 95 6.35E-06 2.48E-06 1. 7 7 E -0 6 NO DATA 2.33E-06 1.66E-04 1.00E-05

m0 99 NO DATA 4.66E-06 1.15E-08 NO DAT1 1 06E-07 3.66E-05 1.42E-05
TC 99P 4.81E-13 9.41L-13 1.56E-11 NO DATA 't.37E-11 2.57E-07 1.30E-06

TC101 2 19E-14 2.30E-1* 2.915-13 NO DATA 3.92E-13 1.5AE-07 4.418-09
RUlO3 7.55E-07 NO DATA 2.90E-07 NO DATA 1.90E-06 1.79E-04 1.21E-C5
RU105 4.13E-10 NU DATA 15 E-10 NO DATA 3.63E-10 4.30E-06 2.69E-05

Rul06 3 68E-05 No DAIA 4.5TE-06 NO DATA 4.97E-05 3.87E-03 1 16E-04
AG110" 4.56E-06 3.08E-06 2.47E-06 NO DATA 5.74L-06 1.48E-03 2.71E-05
TE1254, 1.82E-06 6.29E-07 2.47E-07 5.202-07 NC DATA 1.29E-04 9.13E-06

TE127M 6.72E-06' 2.31E-Oo 8. l ui-0 7 1.64E-06 1.72E-05 4.00E-04 1 93E-05
TE127 7.49E-10 2.57E-10 1. 6 5 E -10 5.30E-10 1.91E-09 2.71F-06 1.525-05
T E 123r 5.19E-06 1.852-06 8.22E-07 1.71E-06 1.36E-05 4.76E-04 4.91E-05

TE129 2.64E-11 9.45E-12 6.44E-12 1.93E-11 6.94L-11 7.91E-07 6.89E-06
TE131F 1.63E-08 * 1.60E-08 1.37E-08 2.64E-08 1.08E-07 5.56E-L5 8.52E-05
TE131 5.87E-12 2.28E-12 1.78C-12 4.59t-12 1 59E-11 5.53E-07 3.60E-07

TE132 1.30E-07 7.36E-08 7.12E-05 8.58E-08 4.79L-07 1.02E-04 3.72E-05
1 130 2.21E-06 4.43E-06 2.2RE-06 4.99E-04 6 6th-06 NO DATA 1.385-06
1 131 1.30E-C5 1.30E-05 7. 3 7 E -0 6, 4.39E-03 2.13E-05 NO DATA 7.68E-07

I 132 5.72E-07 1.10E-06 5.0fE-07 5'.2 3E-0 5 1.69E-06 NO DATA 8.65E-07 >

1 133 4.48C-06 5.49*-06 2.08E-06 1. 0 4 E-9 3 9.13E-06 NO DATA 1.48E-06
I 134 3.17E-07 5.845-07 2.61E-07 1.37E-05 8.92E-07 ha DATA 2.58E-07

I 135 1.33E-06 2.16E-06 1.12E-06 2.14E-04 3.62E-06 NO DATA 1.20E-06
C5134 1.76E-04 2.74E-04 6. 0 7 E -0 5 10 DATA 8.93E-05 3 27E-05 1.04E-06
C5116 1.76E-05 4.62E-05 3.14 E-0 5 NO DATA- 2.58E-05 3.93E-06 1.13E-06

C5137 2.45E-04 2.23E-04 3.4TE-05 NO DATA 7.63E-05 2.81E-05 9.78E-07
C5138 1.71E-07 2.27E-07 1.50E-07 NO DATA 1.68E-07 1.84E-08 7.29E-08
84139 4.98E-10 2.66F-13 1.45E-11 NO DATA 2.33E-13 1.56E-06 1.56E-05
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TABLE 1.7 : CONT'D
*

INHALATION DOSE FACTORS FOR CHILD

(MREM PER PCI INHALED)
'

Page 3 of 3

NUCLIUE SUNE liver T . 50CY THYa0IC KIONEY LUNG GI-LLI

0A140 2.00E-0$ 1.75t-08 1.17E-06 NO D AT A 5.71E-09 4.7tE-04 2.75E-05
BA141 5.29L-11 2.95E-1* 1.72F-12 NO DATA 2.56E-14 7.89E-07 7.44E-08
BA142 1 35Er11 1.73C-15 7.34E-13 NO CATA 7.57E-15 4.44E-07 7.41F-10

LA140 1.74E-07 6.08E-0 2.04E-08 NO DATA NO DATA 4.94E-05 6.10E-05

LA142 3.50E-10 1.11E-10 3.49E-11 NO DATA NO DATA 2.35F-06 2.05E-05

CE141 1.06E-OS 5.2E!-06 7.83E-0T 40 DATA 2.31E-06 1.47E-04 1.53E-05

CE143 9.89E-08 5.37E-08 7.77E-09 NO DATA 2.266-08 3.12E-05 3.44E-05
CE144 1 83E-03 5.72C-0* 9.77E-05 NO DATA 3.17E-04 3.23C-03 1.05E-04

4.99E-06 1. DOE-06 2.47E-07 NO DATA 8.11t-07 1 2.63E-05
.... ....._. . _. ...._.... .......______17E-04PR143

. . . . . .
. - .

PR144 1 61E-11 4.996-12 8.10E-13 NO DATA 2.64t-12 4.23E-07 5.32E-OS
N0147 2 92E-06 2.36E-06 1. 84F-0 7 NO DATA 1.30E-06 8.87E-05 2.22F-05
W 187 4.41E-09 2.61E-09 1.17 F -0 9 NO CATA NC DATA 1.11E-05 2.4bE-05
...-........_........... ..... ...... ...................... .. .....
NP239 1 26E-07 9.045-09 6.35E-09 NO DATA 2.63E-08 1.57E-05 1.73E-05

.
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TABLE l7*

INHALATION DOSE FACTORS FOR ADULTS

| (MREM PER PCI INHALED)

Page 1 of 3

NUCLICE 50NE liver T.ROCY THYROID RIDNEY LU4G GI-LLI

H 3 NO DATA 1.58E-07 1.58F-07 1.58E-07 1.56E-07 1.58E-07 1.586-07
C 14 2.27E-06 4.26E-07 4.2 6 E-0 7 4.26t-07 4.26E-07 4.26E-07 4.26E-07
NA 24 1.28E-06 1 28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06

P 32 1.65E-04 9.' '-06 6.26E-06 NO DATA NC DATA NO DATA 1.08E-05
CR 51 NO DATA NO uaTA 1.2 5 E-0 8 7.44E-09 2.85E-09 1.80E-06 4.15E-07
MN 54 NO DATA 4.95E-06 7.8FE-0T NO DATA 1.23E-06 1.75E-04 9.67E-06

MN 56 NO DATA 1.55E-10 2.29E-11 NO DATA 1.63E-10 1.18E-06 2.53E-06
FE 55 3.0TE-06 2.12E-06 4.91E-07 NO DATA NO DATA 9.01E-06 7.54E-07
FE 59 1.47E-06 3.47E-00 1.32E-06 NO DATA NO DATA 1.27E-04 2.35E-05.

CD 58 NO DATA 1.98E-07 2.59E-07 NO CATA NC CATA 1.16E-04 1 33E-05
CD 60 NO DATA 1.44E-06 1 8sE-06 NO DATA NC DATA 7.46E-04 3.56E-05
N1 63 5.40E-05 3.93E-06 1.81E-06 NO DATA NO DATA 2.23E-05 1 67E-06

11 65 1.92E-10 2.02E-11 1.14 F-1 1 NO DATA NO DATA 7.00E-07 1.54E-06
CU 64 NO DATA 1.83E-10 7. 6 9 E-1 1 NO DATA b.78E-10 8.48E-07 6.12E-06
2N 65 4.05E-06 1.29E-05 S.82E-06 NO DATA 8.62E-06 1.08E-04 6.68E-06

2N 69 4.23E-12 8 14E-12 5. 6 5 E-13 NO DATA 5.27E-12 1.15E-07 2.04E-09
dR 83 NO DATA NQ DATA 3.01E-06 NO DATA NO DATA NO DATA 2.9CE-08
BR 84 NO DATA NO DATA 3.91E-08 NO DATA 40 DATA NO DATA 2.05E-13

SR 8b NO DATA NO DATA 1. 60 E-0 9 NO DATA NO DATA NO DATA L7 E-24
Rt to NU DATA 1.61E-05 7.37E-06 NO DATA NO DATA NO DATA 2.08E-06
RD 88 NO DATA 4.84E-08 2.41E-38 NO DATA NO DATA NO DATA 4 18E-19

RB 89 NO DATA 3.20E-08 2.12E-08 N'O DATA NO DA1A- NO DATA 1.16E-21
SR 89 3.80E-05 40 DATA 1.09E-06 NO DATA NO DATA 1.75E-04 4 37E-05
SR 90 1.24E-02 NO DATA 7. 62 E-0 4 NO DATA NC DATA 1.20E-03 9.02E-05

SR 91 7.74E-09 NO DATA 3 13 E-10 NO DATA NO DATA 4.56E-06 2.39E-05
SR 92 4.43E-10 NO DATA 1. 64 E -1 1 NO DATA NO DATA 2.06E-06 5.38E-06
Y 90 2.61E-07 NO DATA 7. 01 E-0 9 NO DATA NO DATA 2.12E-05 6 32E-05

Y '91 M 3.26E-11 NO DATA 1.27E-12 N0* DATA NO DAT A 2.40E-07 1.66E-10
Y 91 5.78E-05 NO DATA 1.55E-06 NO DATA NO DAT A 2.13E-04 4.8IE-05
Y 92 1.29E-09 NO DATA 3.77E-11 NO DATA NO DATA 1.96E-06 9.19E-06

-3f1 - ,
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TABLE 1.7 CONT'D*

INHALATION DOSE FACTORS FOR ADULTS

(MR94 PER PCI INHALED)

Page 2 of 3

.

huCL10h BONE LivFR T. BODY THYROIO KIDNEY LUNG GI-LLI

Y 93 1.13E-b8 NO CATA 3.2 6E-10 NO DATA NC DATA 6.06E-06 5.27E-05
ZR 95 1.34E-05 4.303-06 2.91E-06 NO DATA 6.77E-06 2 21E-04 1.88E-05
ZR 97 1 21E-08 2.45E-09 1.13E-09 NO DATA 3.71E-09 9 84E-06 6.54E-05

NB 95 1.76E-06 9.77E-07 5.26E-07 NO DATA 9.67E-07 6 31E-05 1.30E-05
MO 99 NO DATA 1.51E-08 2.87E-09 NO DATA 3 64E-08 1.14E-05 3 10E-05
TC 99p 1.29E-13 3.64E-13 4.63E-12 NO DATA 5.52E-12 9.55E-08 5.20E-07
. . . - - . - - . . - . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
TC101 5.22E-15 7.52E-15 7.38E-14 NO DATA 1.35i-13 4.99E-08 1.36E-21

.RU103 1.91E-07 NO DATA 8.23E-08 NO DATA 7.29E-07 6.31E-05 1.38E-05
RU105 9.88E-11 NO DATA 3.89E-11 NO DATA 1.27E-10 1.37E-06 6.02E-06
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
RU106 8. *.4 E- 0 6 NO DATA 1.01E-06 NO DATA 1.67E-05 1 17E-03 1.14E-04
AG11er 1.35E-06 1.25E-06 7. 4 3 C-0 7 NO DATA 2.46E-06 5.79E-04 3.78E-05
TE1254 4.27E-07 1.98E-07 5.84E-08 1.31E-07 1.556-06 3.92E-05 8.83E-06

TE127p 1.58E-06 7.21E-07 1.9eE-07 4.115-07 5.72E-06 1.20E-04 1.87E-05

TE127 1.75E-10 8.0 M-11 3.8TE-11 1 12E-10 6.37E-10 8 14E-07 7.17E-06
TE129* 1.22E-06 5.b4E-07 1.98E-07 4.30E-07 4.57E-06 1.45E-04 4.79E-05

TE129 6.22E-t? 2.99E-12 1 55E-12 4.87E-12 2.34E-11 2 42E-07 1.96E-08
TE131M 8.74E-09 5.45E-09 3 63F-09 6.88E-09 3.86E-08 1.82E-05 6.95E-05

4 TF131 1.39E-12 7.44E-13 4.49E-13 1.17E-12 5.46E-12 1.74E-07 2.30E-09

TE132 3.25E-08 2.69E-08 2.02E-08 2.37E-08 1 82E-07 3.60E-05 6.37E-05
I 130 5.72E-07 1.68E-06 6.60E-07 1.42E-04 2.61E-06 NO DATA 9.61E-07

1 131 3.15E-06 4.47E-00 2.56E-06 1.49E-03 7.66E-06 NO DATA 7.85E-07

I 132 1 45E-07 4.07E-07 1.45E-07 1.43E-05 6.48E-07 NO DATA 5.08F-08
I 133 1 08E-06 1.85E-06 5.6SE-07 2.69E-04 3.23E-06 NO DATA 1.11E-06
1 134 0 05E-08 2.16E-07 7.69E-08 3.73E-06 3.44 E -0 7 NO DATA 1.26E-10

I 135 3.35E-07 8.73E-07 3.21E-07 5.00E-05 1.39E-06 NO DATA 6.56E-07
1 C5134 4.66E-05 1.06E-04 9.10E-05 NO DATA 3.59E-05 1.22E-05 1.30E-06

C5136 4.88E-06 1.83E-05 1.38E-05 NO DATA 1.07E-05 1.50E-06 1.46E-06

C5137 5.98E-05 7.76E-05 5. 3 5 E-0 5 NO DATA 2.78E-05 9.40E-06 1.05F-06

C1138 4.14E-08 7.76E-08 4.05E-08 NO DATA 6.00E-08 6.07E-09 2.33E-13
BA139 1.17E-10 8.32E-14 3.42E-12 NO DATA 7.78E-14 4.70E-07 1.12E-07

i
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TABLE 1.T CONT'O.

INHALATION DOSE FACTORS FOR ADULTS-

(MREM DER PCI INHALED)

Page 3 or3

NUCLICE BONE LIVER T.800Y THYRO!D KIDNEY LUNO Cl-LLI

BA140 4.88E-06 6.13F-09 5.21E-0T NO DATA 2.09E-09 1.59E-04 2.73F-05
MA141 1.25E-11 9.41E-15 4.20E-13 NO DATA 8.75E-15 2.42E-07 1.45E-17
84142 3.29E-12 3.385-15 2.07E-15 NO DATA 2.86E-15 1.49E-07 1.96E-26

LA140 4.10E-C8 2.17E-08 5.73E-09 NO DATA NO DATA 1.70E-05 s.73E-05
LA142 8.54E-11 3.88E-11 9.6SE-12 NO DATA NO DATA 7.91E-07 2.64E-07
CE141 2.49E-06 1.69E-06 1.91E-07 NO CATA 7.83E-07 4.52E-05 1.50E-05

CE143 2.33E-09 1.72E-08 1.9th-09 No DATA 7.60E-09 9.97E-06 2.83E-05
CE144 4.29E-04 1.79E-04 2. 30E-0 5 NO DATA 1.06E-04 9.7?E-04 1 02E-04
PR143 1.17E-06 4.69E-07 5.80E-08 NO DATA 2.70E-07 3.51E-05 2.50E-05 i

...... ............_... __ .. _ ..._ . .... _ ......... _.....

PR144 3.765-12 1.56E-12 1. 91 E-13 NO DATA 8.81E-13 1.27E-07 2.69E-18
N014T 6.59E-07 7.62E-07 4.56E-08 NO DATA 4.45E-07 2.76E-05 2.16E-05
W 187 1.06E-09 8.856-10 3.10E-10 NO DATA NO DATA 3.63E-06 1.94E-05

NP239 2.37E-08 2.82E-09 1.55E-09 NO DATA 8.756-09 4.70E-06 1.49E-05

.
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TABLE 1.8-

!

EXTERNAL DOSE FACTORS FOR STANDING ON CDNTAMINATED GROUND !
i

2(mrem /hr per pel/m )

ELEMENT TOTAL BODY SKIN

H-3 0.0 0.0
C-14 0.0 0.0
NA-24 2. 5T-08 2.90E-08
P-32 0.0 0.0
Cr-51 2.2 T-10 2.60E-10
Mn-54 5.80E-09 6.80E-09
Hn-56 1.1 T-08 1. 3T-08
Fe-55 0.0 0.0
Fe-59 8.00E-09 9.40E-09
Co-58 7.00E-09 8.20E-09
Co-60 1.7T-08 2.0T-08
Ni-63 0.0 0.0
Ni-65 3.7T -09 4. 3T-09
Cu-64 1.50E-09 1.70E-09
Zn-65 4.00E-09 4.6T-09 >

Zn-69 0.0 0.0
Br-83 6.40E-11 9. 3T-ll
Br-84 1.2T-08 1.4T-08
Br-85 0.0 0.0
Rb-86 6.30E-10 7.2T-10
Rb-88 3.50E-09 4.00E-09
Rb-89 1.50E-08 1.80E-08
Sr-89 5.60E-13 6.50E-13
Sr-91 7.l T -09 8.3T-09
Sr-92 9.00E-09 1.00E-08
Y-90 2.20E-12 2.6T -12
Y-91M 3.8T -09 4.4T-09
Y-91 2.4 T-il 2.70E-ll
Y-92 1.6T-09 1.9T-09
Y-93 5.70E-10 7.80E-10
Zr-95 5.00E-09, 5.8T-09
Zr-97 5.50E-09 6.4T-09
te-95 5.1m-09 6.0T-09
Mo-99 1.90E-09 2.20E-09*

Tc-99M 9.6T-10 1.1 T-09
Tc-101 2.7 T -09 3.00E-09
Ru-103 3.6T-09' 4.20E-09
Ru-105 4.50E-09 5.10E-09

| Ru-106 1.5T-09 1. 8T-09
Ag-110M 1.80E-08 2.l T -08
Te-125M 3.5T-ll 4.80E-Il
Te-127M 1.lT-12 1.3T-12
Te-127 1.0T-11 1.lT-ll
Te-129M 7.7T-10 9.00E-10

| Te-129 7.lT-10 8.40E-10

,T;MQI[) 5. lf
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TABLE 1.8 (Contirued)
*

ELEMENT TOTAL 800Y SKIN

Te-131M 8.40E-09 9.90E-09
Te-131 2.20E-09 2.60E-06
Te-132 1.70E-09 2.00E-09
I-130 1.40E-08 1.70E-08

'

I-131 2.80E-09 - 3.40E-09
I-132 1.70E-08 2.00E-08
I-133 3.70E-09 4.50E-09
I-134 1.60E-08 1.90E-08
I-135 1.20E-08 1.40E-08
Cs-134 1.20E-08 1.40E-08
Cs-136 1.50E-08 1.70E-08 '

Cs-137 4.20E-09 4.90E-09 |
Cs-138 2.10E-08 2.40E-08 >

Ba-139 2.40E-09 2.70E-09
Ba-140 2.lT-09 2. 4T-09
Ba-141 4.30E-09 4.90E-09
Ba-142 7.90E-09 9.00E-09 |
La-140 1.50E-08 1.70E-08 |
La-142 1.50E-08 1.80E-08 *

Ce-141 5.50E-10 6.20E-10
Ce-143 2.20E-09 2.50E-09
Ce-144 3.20E-10 3.70E-10
Pr-143 0.0 0.0 ;

iPr-144. 2.00E-10 2. 3T-10
Nd-147 1.00E-09 1.20E-09 !

'

W-187 3.10E-09 3.60E-09
$-239 9.50E-10 1.l T-09

;
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TAlli.E . l.9 1 p DW:,,

2EiUt.uck Errluents ( LT:
*

Cil
Desirrn Objective Annual Quantities trT%e-Ki

U4122;1.d-]

? ' ??Ib
(h'[Q.-!;).y[gDESIGN 01UECTIVE

DOSE CONVEll3 ION @,*j ""7ANNUAL QUANTITYFACTOR 4-
C1 (Curies) E N-#

(mrem / Curie)
illlCI.IDE I.IMITIllG ORGAN

2.02Et00
-

7.lalE*00i
I-131 Thyroid

1.16E+021.29E-01
I-133 Thyroid

6.02E*002.l:9E+00
Cs-1.i e 1.1 ve rl

6.27E*002.39E+00
Cs-1TI Liver

9 93E*011. 5] E-01
Co 60 GI Tract

te .93E+0113.0sE-01
Nn-Sie GI Tract

2.87E-02 5.23E+02
Co-58 GI Tract

2.30E*036.21sE-03
C-lla GI Tract

2.08E-02 7.21E+02
112 - 1 : 0 llone1

EIl} Gainma Done in Air
*

Noble (lases

NOTE:

Tlie average canuna ray energy (E) for a dirrusion mixture ir O.81a5 MeV for a pure(1)
U-235 rission spectrum.

.

.
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TABLE 2.0,

'. -

BIOACCU4dLATION FACTORS
(pC1/kg per pCi/ liter)

FRESWATER
ELSiENT FISH

H 9.0E-01
C 4.6E 03 i

NA 1.0E 02
P 1.0E 05
CR 2.OE 02
m 4.E 02
FE 1.0E 02
CD 5.E 01
NI 1.0E 02
QJ 5.0E 01
ZN 2.0E 03
ER 4.2E 02
RB 2.0E 03
SR 3.E 01
Y 2.5E 01
2R 3.3E 00 ,

M3 3.0E 04
MO 1.E 01
TC 1.5E 01

'

RU 1.0E 01
RH 1.0E 01 -

TE 4.M 02 !

I 1.5E 01
CS 2.0E 03
BA 4.0E 00
LA 2.5E 01
E 1.0E 00
Ri 2.5E 01 ,

ND 2.5E 01 !

W 1.2E 03
NP 1.0E 01

;

|
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TABLE 2.1--

'

Page 1 of 2
,

ADULT INGESTION DOSE FACTORS * 5,

(mrem /pCi ingested) |

t

NUCLICE SONE L! vet T.80CY THYR 0!D KIDNEY LUNG GI-LLI |
_____.____. ........______.__ __________..___......_._... ....___.___...._. ,

H 3 NO DATA 1.05E-07 1.C5E-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07 -

*

C 14 2.84E-06 5.68E-07 5.68E-07 5.68E-07 5.68E-07 5.68E-07 5.68E-07

NA 24 I.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 e

!

P 32 1.93E-04 1.20E-05 7.46 E-0 6 NO DATA NC DATA t:0 D A T A 2.17E-05 I

CR 51 NO DATA NO CATA 2.60E-09 1.59E-09 5.86E-10 3.53E-09 6.69E-07
'

MN 54 NO DATA 4.575-06 8. 72 E-0 7 NO DATA 1.36E-06 NO DATA 1.40E-05
___ ._______......__.__......_______......_________. .__.._____________...._ ,

MN 56 NO DATA 1 15E-07 2.04E-08 NO DATA 1 46E-07 NO DATA 3.67E-06 ,

FE $5 2.75E-06 1.90F-06 4.4 3E-0 7 NO DATA NO DATA 1.06E-06 1.09E-06 ,

FE 59 4.34E-06 1.02E-05 3.9tE-06 NO DATA NO DATA 2.85E-06 3.40E-05 |
<

CD 58 NO DATA 7.456-07 1.67E-06 NO DATA NO DATA NO DATA 1.51E-05 .

'

CO 60 NO DATA 2.14F-06 4.72E-06 NO DATA NO DATA NO DATA 6.02E-05
NI 63 1.30E-04 9.01E-06 4.36E-06 NO DATA NO DATA NO DATA 1 88E-06 !

i

NI 65 5.28E-07 6.s6E-08 3.13E-08 NO DATA NO DATA NO DATA 1.74E-06 ;

CU 64 NO DATA 8.33E-08 3. 91 E -0 8 NO DATA 2.10E-07 NO DATA 7.10E-06 ,

2N 65 4.84E-06 1.54E-05 6.9eE-06 NO DATA 1.03E-05 NO DATA 9.70E-06 !
:..__ .._.. _.._____.____ _________ _____________,__..___________..____ ._.

IN 69 1.0 3E -0 8 1.97E-08 1.37E-09 NO DATA 1.28E-05 NO DATA 2.96E-09 I

BR 83 NO DATA NO DATA 4.02E-08 NO DATA NO DATA NO DATA 5.79E-08 |
4 BR 84 NO DATA NO DATA 5. 2 t E -0 8 NO DATA NO DATA NO DATA 4.09E-13 I

*
.. __..____________...__ ._....._____..______..____..____________ .________.
8R 85 NO DATA NO DATA 2.14 E -0 9 NO DATA NO DATA NO DATA LT E-24
RB 86 NO DATA 2.11E-05 9.83E-06 NO DATA NO DATA NO DATA 4.16E-06 |

RB 88 NO DATA 6.05E-08 1. 21 E-0 8 NO DATA NO DATA NO CATA 8.30E-19 [
___________________________________________. .____________....._______ .. __
RB 89 NO DATA 4.01E-05 2 8?C-08 NO DATA NO DATA NO DATA 2.33E-21'

SR 89 3.08E-04 NO DATA 8.84E-06 N0* DATA NO DATA NO DATA 4.94E-05 t

SR 90 7.58E-03 NO DATA 1.86E-03 NO DATA NO DATA NO DATA 2.19E-04 :

5R 91 5.67E-06 NO DATA 2. 2 9 E-0 7 NO DATA NC DATA NO DATA 2.70E-05 I
SR 92 2.15E-06 NO DATA 9.30E-08 NO DATA NO DATA NO DATA 4.26E-05 i

V 90 9.62E-09 NO DATA 2. 5 8 E-10 NO DATA NO DATA NO DATA 1.02E-04 |
;....___ ..._____....________..... .__________....____ ....______..___...__.

Y 91M 9.09E-11 NO DATA 3.52E-12 NO DATA NO DATA NO Dala 2.67E-10 i

Y 91 1. 41 E-0.7 NO DATA 3.77E-09 NO DATA NO DATA NO DATA 7.76E-05 ,

Y 92 8.45E-10 NO CATA 2.4 7 E-11 NO DATA NO DATA NO DATA 1.48E-05
..... . - _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . ...._.......=__

Y 93 2.68E-C9 NO DATA 7. 4 0 E-1 1 NO DATA NO DATA NO DATA 8.50E-05 r

2R 95 3.04E-08 9.75E-09 6. 6 0 E-0 9 NO DATA 1.53E-08 NO DATA 3.09E-05 6

2R 97 1.68E-09 3.39E-10 1. 5 5 E-10 NO DATA 5.12E-10 NO DATA * 1.05E-04 ,

ij ...__..._______..__.__._..______ _____....________....____..__...._...._____

NS 95 6.22E-09 3.46E-09 1.86E-09 NO WATA 3.42E-09 NO DATA 2.10E-05 )

MO 99'' NO DATA 4.31E-06 8. 2 0E-0 7 40 DATA 9.76E-06 NO DATA 9.99E-06
TC 99M 2.47E-10 6.98E-10 C.89E-09 NO DATA 1.06E-08 3.42E-10 4.13E-07 i

!._____.....____...._____....___....___...______....____._________...__ _.___

| TCIO1 2.54E-10 3.66E-10 3. 5 9 E -0 9 NO DATA 6.59E-09 1.87C-10 1.10E-21
AU103 1.85E-07 NO DATA 7.9fE-08 NO DATA 7.06E-07 NO DATA 2.16E-05 i

Rul05 1.54E-08 Nu DATA 6.08E-09 NO DATA 1.99E-07 NO DATA 9.42E-06 !

!
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i TABLE 2.1: (Continu:d),

'', Paga 2 Of 2

f
r

>
I

NUCLIOE SONE liver T . 800f THYROID KIONEY LUNG GI-LLI. ;

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ - - _ _ . , |- ______.__ _ __________________

2U106 2.75E-06 NO DATA 3. 4 8 E-0 7 NO DATA 5 31E-06 NO DATA 1.78E-04 |
. . - _ _ .

AC110M 1 60E-07 1.48E-07 8.79E-08 NO DAT4 2 91E-07 NO DATA 6.04E-05 i

TE125M 2 68E-06 9.71E-07 3. 59 E-0 7 8.06E-07 1.09E-05 NO DATA 1.07E-05 |

.__.________.___.___________.___ ___________ _____.______ ___--___ --_-_--
,

TE127M 6.77E-06 2.42E-06 8. 25 E-0 7 1.73E-06 2 75E-05 NO DATA 2.27E-05 [

TE127 1.10E-07 3.95E-08 2. 3 8 E-0 8 8.15E-08 4.48E-07 NO DATA 8.68E-06 i

TE129M 1.15E-05 4.29E-06 1.a2E-06 3.95E-06 4.80E-05 NO DATA 5.79E-05 |

TE129 3.14E-08 1.18E-08 7.63E-09 2.4tE-08 1.32E-07 NO DATA 2.37E-08

TE131M 1.73E-06 8.46E-07 7. 0 5 E-0 7 1.34E-06 8.57E-06 NO DATA 8.40E-05 t

TE131 1.97E-08 8.23E-09 6.22E-09 1 62E-08 S.63E-08 NO DATA 2.79E-09

TE132 2.52E-06 1.63E-06 1.53E-06 1 80E-06 1.57E-05 NO DATA 7.71E-05 !

! 130 7.56E-07 2.23E-06 8. 4 0 E-0 7 1.89E-04 3.48E-06 NO DATA 1.92E-06 |

1 131 4.16E-06* 5.95E-06 3.41E-06 1.95E-03 1.02E-05 NO DATA !.57E-06 |
4

I 132 2.03E-07 5.43E-07 1. 90E-0 7 1.90E-05 8.65E-07 NO DATA 1.02E-07

1 133 1 42E-06 2.47E-06 7.53E-07 3.63E-04 4.31E-06 NO DATA 2.22E-06 3

! 134 1.06E-07 2.88E-07 1.03E-07 4.99E-06 4.58E-07 NO DATA 2.51E-10
____.: __________.____________________________ ____ ____________._____
! 135 4.43E-07 1.16E-06 4. 2 SE-0 7 7.65E-05 1.86E-06 NO DATA 1.31E-064

>

C5134 6.22E-05 1.48E-04 1.21E-04 NO DATA 4.79E-05 1.59E-05 2.59E-06

C5136 6.51E-06 2.57E-05 1. 85 E-0 5 NO DATA 1.43E-05 1.96E-06 2.92E-06 |
!_____________________________.______________________________________________

C5137 7.97E-05 1.09E-04 7.14 E-0 5 NO DATA 3.70E-05 1.23E-05 2.11E-06 i

C5138 5.52E-08 1.09E-07 5. 4 0 E-0 8 - NO DATA 8.01E-08 7.91E-09 4.65E-13 ;

8A139 9.70E-08 6.91E-11 2. 8 4 E-0 9 NO DATA 6.46E-11 3 92E-11 1.72E-07 .

|---z----m,,-v__-__ --

8A140 2.03E-05 2.55E-08 1.33E-06 40 DATA 8 67E-09 1 46E-08 4.18E-05 |

BA141 4. 71 E-08 1.56E-11 1.59E-09 NO DATA 3.31E-11 2.02E-11 2.22E-17

4A142 2.13E-08 2.19E-11 1.34E-09 NO DATA 1.85E-11 1.24E-11 3.00E-26
f

'

L A140 2.50E-09 1.26E-09 3.33E-10 NU D A T A - NO DATA NO DATA 9.25E-05
LA142 1.28E-10 5.82E-11 1. 4 5 E-1 1 NO DATA NO DATA NO DATA 4.25E-07 ,

CE141 9.36E-09 ,6.33E-09 7.18 E-10 NO DATA- 2 94E-09 .NO DATA 2.42E-05 i

'

CE143 .1.65E-09 1.22E-06 1. 35 E-10 NO DATA 5.37E-10 NO DATA 4.56E-05

CE144 4.A8E-07 2.04E-07 2.62E-08 NO DATA 1.21E-07 NO DATA 1.65E-04 ;

PR143 9.20E-09 3.69E-09 4.56E-10 NO DATA 2.13E-09 NO DATA 4.03E-05 l

________..__.__..._____.______________.____________._______.________________ |

PR144 3.01E-It 1.25E-11 1. 5 SE-12 NO DATA 7.05E-12 No DATA 4.33E-18 ,

. N0147 6.29E-09 7.27E-09 4. 3 5 E-10 NO DATA 4.25E-09 NO DATA 3.49E-05 !

! k 117 1.03E-07 8.61E-08 3.01E-0 8 NO DATA NO DATA 'NO DATA 2.82E-05 !

|
___________.________________________________________________________________ |

! NP239 1.19E-09 1.17E-10 6. 4 5E-1 1 NO DATA 3.65E-10 No DATA 2.40E-05 t

!
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#"TAh!.E 2.2 [
L1:1uid Effluents g

{ LAW,73i

i Design Ohlect.lve Annuni Quant.ity gg
b20h. ?,3

Dcac Conversion Design Objective gQg[?],

! Pnctor Annual Quant.ity g'''* q"' q
Nuclide I.imit.ing Organ (iallem/Curic) C1 (Curles)

; Cs-131 Total Body 3.62E600 8.29E-01 [ ,

Cs-137 Total llody 2.16Ee00 1.39Es00

Cs-136 Total Dody is.01 Ee 00 7.l:9Es00

Co-60 Total Dody 2.99E-01 1.00Es01

Sr-89 Dona 1 70E-02 5.88Es02

Sr-90 Bone 1 . 61 E-OL 6.10Es01
,

Fe-55 GI Tract 1.lslE-02 7.09Es02

Ha,-Sis GI T.71E-02 1.29Es02

Zn-65 GI 2.73E-01 3.66Es02

Cr-51 GI 1.582-03 6.32Es03
i

lla-l :0 GI 2.50E-03 is.01Es 03l

La-ll:0 GI 2.20E-02 h.55Es02

I-131 Thyroid 4.39E-01 2.39Es01

Co-58 GI Tract 1.13E-02 8.8]Es02

11 - 3 Total Body 1 77E'-06 1.69Et06
. . . .

.
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