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, 1. Casecus Effluents

1.1 Alar =/Trie Setpoints

Specification 3.11.2.1 requires that the dose rate in unrestricted
.

I
Iareas due to gaseous effluents from the si'te shall be limited at all ti=es

to the,following values:

1. 500 mren/y to the total body and 3,000 mrem /y to the skin from

noble gases.

2. 1,500 mre=/y to any organ from radiciodines and particulates.

Specification 3.3.3.10 requires taseous effluent monitors to have alars/
Thistrip setpoints to ensure that the above dose races are not exceeded.

section of the CDCF. describes the methodology that vill,b? sed to deter =1.70

these setpoints.

The methodology for determining alar =/ trip setpoints is divided into*

two major parts. The first consists of backeniculating from a dose rate

to a release rate li=it, in UCi/s, for each nuclide and release point' The.

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

settings on the monitors.

1.1.1 Release Rate Licit Methodoloey - UCi/s

Step 1

The first step involves calculating a dose ra'ee b'ased an the design

objective source tern mix used in Aprendix I licensing calculations. Historical

meteorological dsts used in licensing are also used in this calculation.

Doses are deter =ined for (1) nobic gases and (2) iodines and particulates.

Depending on the pathway involved, either air concentrations or ground

concentrations are calculated.
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A. Equations a=4 assu=ptions for calculating dose s fro = noble gases
,

are as follows:

Ass o tic =s

1. Doses to be calculated are total body a'.ed skin.

I2. Exposure pathvay is submersion within a cloud of noble gases.

3. Koble gas radionuclide cix is based os the historically observed

source ter= given in Table 1.1.

4. Basic radio uclide data are gives is T'able 1.2.

5. All releases are treated as greu=d-level.

6. Y.eteorological data are expressed as a joine-freque:cy distribu-

tion of vind speed, vind direc:ics, a:d a::cspheric stability for-

the period (Teble 1.3).

1. Rav ceteorolog'ical da'ta consis: of vind speed and direction

' measure:ents a: 10= and te:perature reasureren:s at 10m and Som.

8. Dose is to be evaluated at the offsi:e, exposure point where
.

naz4-- concestrations are expec:ed to exisc.

9. Potentia 1L azi===-exposure pei::s are identified in Table 1.h.

10. A sesi-infinite cloud =odel is used. .

11. credit is taken for shieldi 3 by reside:ce (factor of 0.7)

12. Plu=a depletion and radioactive decay are considered.

13. Building vake effects os afflues: dis;ersies are considered.

14. A sector-average dispersios equaties is used.

15. The vind speed classes that are used are as fellows:
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*dind Speed
Number Ranee (o/s) Midpoint (=/s)

1 <0.3 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

,8 >10.9 13.00

16. 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.

17. Terrain effects are tot considered.

Equatiens

To calculate the dose for any one of the 18 potential naxi=us-exposure

points, the follo -i=g equatiens are used.

For dete:--**4ag the air cescentration of any radienuclide:

9 7 .
.

I1/2 -g q , .,
Xg * ik i* exp 1 g (1.1)'q

T.,., u) (2 x/n) {g
j=1 .:=

where

3y = air co:centratica of radiocutlide i, uCi/m .

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

class j, stability class k, blowing toward this exposure

point, expressed as a fraction,
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'Q = a m age release rate of rsd onucHde 1, UCi/s. |g
i

Iy = fraction of radionuclide remaining in plune.
t

I = vertical dispersion coefficient for stability class k which
sk

# + "#f"includes a building vake adjustment, Esk "
L :'4 j

'

r

where a is the vertical dispersion coefficient for stability
sk

' class k (m), e is a building shape factor (c = 0.5), and A is

the minimum building cross-sectional ares (2200 m*), m.

!= aidpoint value of vind speed class interval j, m/s.u
J ,

;-

x = downvind distance, m.

'

n = number of sectors, 16. |

1 = radioactive decay coemcient of radionuclide i, s"
3

t

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

For deter =ining the , total body dose rate
t

DTB " X (*
i i

where 1

** I ** ****' *#"" I*DTB "
3

Xg = air concentration of radionuclide i, pCi/m . j
;

DFB = total body dose f actor due to ganma radiation, mrem /yg
i

per UCi/m' (Table 1.5). 1

For determining the skin dose rate

!

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

:
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D, a skin do a race, crem/y.

X = air concentration of radionuclide 1, UC1/m .3g

DTS = skin dose factor due to beta radiation, mrem /y perg '

3
WCf./m (Table 1.5).

1.11 = the average ratio of tissue to air energy absorption
coefficients, mres/ mrad.

t

DFy = g e to-air dose factor for radionuclide i, trad/y per !g

3VCi/m (Table 1.5).
3. Equations and assumpticas for calculating doses from radiciodines

and particulates are as follows:

Assumntions.

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, grceu leafy vegetables from home gardens, and
inhalation.

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

h. Basic radionuclide data are given in Table 1.2.
5 All releases are treated as ground-level.
6. Annual average y/Q's are given in Table 1.3.
7. Rav meteorological data for ground-level releases consist

'

of vind speed and direction meacurements at 10m and temperature
measurements at 10m and 50m.

T

8. Dose is to be evaluated at the potential offsite exposure point
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 dispersion are considered.
13. Plume depletion and radioactive decay are considered for air-

concentratiori calculations.

1 14 . Radioactive decay is considered for ground-concentration

calculations.

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

t16. Milk cows and goats obtain 100% of their food from pasture grass

May through October of each year.

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

Equations

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

points,. 1he following equations are used.

1. Inhalation -

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

the Noble Cas Section, 1.1.1.A.

For determining the organ dose rate:

D = lx10' X DFI BR (1.4)g g

i

,
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where:

D = Organ dose rate due to inhalation, mrem /y.y
3X = air concentration of radionuclide i, pCi/m ,g

DFI = inhalation dose factor, mrem /pCi (Table 1.7).g

3 3 3BR = breathing rate lh00 m /y, infant; 3700 m y, child; or 8000 m /y adult.

1 x 10 = pCi/vCi conversion factor.

2. Cround Cents =inction

Tor determining the ground concentrar.ica of any nuclide:
7

'k N [1-exp -(A t )] (1.5)7 iO = 3.15x10g g 3
(22x/n) Ag

. where

f G = ground concentration of radionuclide 1. UC1/m'.

k = stability class.

f = j int relative frequency f ccurrence f vinds in stability
k

class k blowing toward this exposure point, expressed as a

fraction.

( = average release rate of radionuclide i, UCi/s.
DR = relative deposition rate, m (Figure 1.1 for DR/2xX).1

x = dovfteind distance, m.

a = nu=ber of sectors, 16.

2 x/n = sector vidth at point of* interest, m.
1

1.g = radioactive decay coefficient of radionuclide 1, y

t = time r buildup of radionuclides on the ground, 35y.
b

3.13x10' = s/y conversion f actor.
..

.. .c, : n
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a.

Tor deter =ining the total body c,r organ dose rate from ground contamination:

5o = (8,760)(h10 ) c no (1.6)g g g

i'

where:

D, 1 dose race due to ground contamination, mrem /y.=

C = ground concentration of radionuclide 1, UCi/m'.g

DFo = dose factor for standing on contaminated ground, mrem /hg
2per pCi/m (Table 1.8).

-8,760 = occupation time, h/y.

lx10" = pCi/pci conversion factor.

3. Milk Incestion

Tor determining the concentration of any nuclide (except

C-14 a6d H-3) in and on vegetation:

1

'k N r{1-exo (~ Ei *e)1 + (1.7)i
CV = 3*600 (2r /n) g Y, Agi x

B [1-exp ( 1 t )lgy 1 b

i j

where:

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

UCi/kg.

k = stability class.

fk = frequency of this stability class and vind direction
i

combination, expressed as a fraction.

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

. .
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DE = relative deposition rate, m"* (Figure 1.1).

x = downwind distance, m.

a = number of sectors, 16.

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

r = fraction of deposited activity retain'ed on vegetation

(1.0 for iodines, 0.2 for particulates).

A = effective re= oval rate constant, A =A A A,, where Ag g g g,

is the radioactive decay coeffic'ient, h 1, and A,is a
I

measure of physical loss by weathering (A -= .0021 h~l),y

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

B ,= transfer factor from soil to vegetation of radionuclideg

Ii (Table 1.9).

A = radioactive decay coefficient of radionuclide i, h~l.*

g

Itb = time r buildup of radionuclides on the ground, 3.07x10s

h (35y). -

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

3,600 = s/h conversion factor.

'

For determining thc concentration of C-14 in vegetation:
8

CVy4 = 1x10 Xy4 (0.11/0.16) (1.8)
where

CVy4 = concentration of C-14 in vegetation, pCi/kg.

Xy4 = air concentration of C-14, DC1/m .3

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

0.16 = concentration of naturs1 carbon in the atmosphere,
83/m .

1x108 = g/kg conversion factor.
. .. .

,
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For deter =ining the concentration of H-3 in vegetation:
3CY = 1x10 g (0.75)(0.5/H) '(1.9)T

where

CV = c neentrati n o H-3 in vegetation, UCi/kg.T

g = air concentraticn of H-3, Ci/m'.

0.75 = fraction of total plant mass that is water.

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

concentration in at=ospheric water.
.

8B = absolute humidity of the atmosphere, g/m .

lx103 = g/kg conversion factor.

For deter =ining the concencrstion of any nuclide in cow's or goat's milk:

CM = CV nt Q exp (-1 t) (1.10)g g g g g

where

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

in milk, UCi/1.

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

pCi/kg.

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

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

A = radioactive decay coefficient of radionuclide i, d 1,g

tg = transport time of activity from feed to milk to receptor,

2 days.

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

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

i
. . . . .- -
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where

D = Organ dose rate due to ingestion, mrem /y.

CM = concentration of radionuclide i in vegetables or milk, pCi/Kg

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

g

UM = ingestion rate for milk, 330 1/y; for vegetables 26 Kg/yr (child),
no ingestion by infant.

lx10 = pCi/pCi conversion factor.

4* ' Organ Dose Rates

Yor determining the total thyroid dose rate frem iodines and

particulates:
.

D=D7+DG+DM + "v'
'

where
~

D. = total organ' dose rate, are=/y. .

D =, dose rate due to inhalatica, cre=/y.

dose rate due to ground conta=ination, cre=/y.D =

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

D = dose rate due to vegetable ingestion, nrem/y.
The & imum ' organ dose rate , maximum total body dose rate, and maxinum skin dose
rate calculated in this step vill be used in step 2.

5 ' sign Basis cuantities

The design basis quantity of a radionuclide emitted to the atmosphere
the amount of that nuclide, when released in one year, which would
sult in a dose not exceeding any of the following:

s) 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
i) 15 millirem to skin of an individual from noble gas

) 5 millirem to the total body of an indivudual from noble gas
7R R w _ .- d
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Design basis quantities (Ci) are calculated by dividing the dose limits
(a through e, above) by the appropriate dose calculated in step 1; the
result then is multiplied by the amount of radionuclide (Ci) used to
calculate the doses of step 1, as listed in Table 1.1:

DBq = AI (C )c
D

c
''#"

D = Appendix I dose limit (mrem or mrad)AI

D = Calculated dose from step 1 (mrem or mrad)
'

C = Quantity of nuclide resulting in dose De (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 ! c in the above equation (i.e. D /C )c
is a useful value, since it represents the dose per unit quantity of

each nuclide released. Use of the D ! c #" """ 7 '#" ** "
c

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

Table 1.9

Sten 2

The dose' rate li=iti of interest for setpoints (10CFR20) are

Total body = 500 mres/y

Skin = 3,000 cren/y

)faxi=um Organ = 1,500 cre /y

Dividing the above limits by the appropriate dose calculated in step 1

yields a useful ratio.

Dose limit . .g
Doce step 1

- - . .

" N
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This ratio, R, represents how far above or below the guidelines the step 1
calculation cas. Multiplying the original source term by 3 vill give release

;

rates that should correspond to the dose limits given above.
.

t

V

Appropriate release rate limits in pCi/s for each nuclide vill be provided
for use in establishing monitor setpoints. The setpoint for each gaseous

effluent monitor is established using plant instructions. Release rate
i

limit, principal ga=ma emitter, geometry and detector efficiency are com-
,

bined to give an equivalent setpoint in counts per minute (cpm). An
added safety faeror is_ applied if necessary to account for radionuclides not I

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 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 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 organ.

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

.,
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This section of the ODCM describes the methodology that vill 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.)

i
.

!

'
?

h

i

i

f

|

o

6

i

!

4

p..

O

t; % )I w

a q!, gjpp . ,. 2 - : ,

I '; -
'g ' !,)i

;' '.
'33,tj ~i 3 1 - ,

.

,' v \ Y ' Qs
o 2 .4r i s. , .

g4 .,

.

.*g espee a .e

'' ~ v ,- -- , .



15

.

~
.

Step 1

Doses will be calculated using the methodology described 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 (gamma or beta)

3. Limiting doses for each particulate and iodine nuclide are su=med, 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

A c! c iG"G
=

5 millirad / quarter, 10 mrad /yriG <

o

where
D = De fm gam effhs (W)g

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

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

|
:

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

(5 mrem / quarter,10 mrem / year) although as indicated in Table 19, a majority i

|
of the gaseous effluents are beta-limiting and on an individual basis have
the higher limit of 10 millirem / quarter and 20 millirem / year.

r., . a\
'
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For determining iodine and particulate dose to organs:

7 5 mrem /q, 15 mrem /ypy1(D /C )p73 <AD = c cpy

o
where

D = Dose from particulates and iodines (mrem)
py

= Quantity of particulate or iodine nuclide i released (C1)Apyy

(D /C )py = Dose per Ci factor for particulate or iodine nuclide 1 (mrad /Ci'

Step 2.

This methodology is to be used if the hiefhly conservative calculations in step 1

yield doses that appear to exceed applicable limits.
Doses for released particulates, iodines :and noble gasses will be determined by use

of the NRC GASPAR computer 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
demographic and land use information from the land use survey generated in the most

Where appropriate, seasonal adjustments vill be applied to obtainrecent prior year.

realistic dose estimates since both recreational and agricultural activities can va~y

greatly in relation to season of the year.
An alternative to GASPAR for offsite dose calculation is use of the Palisades

This
Emergency Radiation Assessment System (ERAS) offsite dose calculation program.

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 such as containment purges are to be made under conditions

which depart significantly from mean annual conditions.

|

|

|
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1.3 Gaseous Radwaste Treatment system overation ,

,

The gaseous radvaste treatment system (GRTS) described below shall be

maintained and operated to keep releases ALARA.
.

s

1.3.1 System Descriution

A flow diagram for the CRTS is given in Figure The system [

consists of three vaste-gas compressor packages, six gas decay tanks, and !
'

the associated piping, valves, and instrumentation. Gaseous vastes are
received from the following: degassing of the reactor coolant and purging

,

of the volume control tank prior to a cold shutdown, displacing cf cover
,

t

gases caused by liquid accumulation in the tanks connected to the vent
header, and boron recycle process operation.

,

1.3.2 Dose calculations

Doses vill be calculated monthly using the methodology described in Section 1.2
These doses vill be used to ensure that the GRTS is operating as designed.

1

.
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2. Liquid Ef fluents

2.1~ concentration

2.1.1 RETS Recuirement |

Specification 392 of the Radiological Effluent Technical Specifi-

cations (RETS) requires that the cencentration of radioscrive material
I

i

released at any time from the site to unrestricted areas

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

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

entrained noble gases, the i:encentration shall be limited'to '2x10' UCi/ml

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

for each rclesse.

2.1.2 Prcrelease Analysis

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
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 appropriate re-
circulation time.

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

the concentration of each radionuclide determined.
!

n

C) = g (2.1)C

where: gg
C) = total concentration in the liquid effluent at relense

point j, UCi/ml.

,f] dC = concentration of radionuclide i, UC1/ml. '3g
1m. .a(- a

,f v .w'', ,| g f.N,.

I$dUhb.:$p $

_

s.v

d
..
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2.1.3 W C-Sum of'the Ratir:s'

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

calculsted by the following relationship.

.

A R 1 n (2.2)
R)= WC E'~B ***+MC ***+MC+ +

A i n

where:

1
unJiluted ef fluent concentration of radionuclide i, asC =

i

deter =ined in Section 2.1.2, UC1/=1.

NC = the W C of radionuclide i, as specified in Section 2.1.1,
g

VC1/nl.

R = the sum of the ratios for releasa 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 (R ~1) + f ( 3' } + '4 ( 4 (*~

y y 2 2 3

vhere:

f.f.f.f4= The effluent flow rate (gallons / minute) for theg 2 3

respective releases, determined by plant personnel.

i
.

R sR;eE ,R4 the sum of the ratios of the respective releases=

i 3

as determined by Equation 2.2.

T= minimum required dilution flow rate,

[t ;L.'-; - C| ; 5S p r-j2.2 Instrt- ent Setreints
r.) _c, [/ [flh.' is! '"

n
f .

,

FjD 'J, !*

2.2.1 set;oint Determi-ation

!Z i c.3 L!il ki;;.j R
M : a . , . c; y

Q

_ _ _ _ _
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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
t

iequivalent setpoint in counts per minute (cpm). The physical and technical

description, location and identification number for each liquid affluent

radiation detector is contained in plant documentation. !

The respective alarm / trip setpoints at each release point vill be set

such that the,sua 'of the ratios at each point,..s calculsted by Equation
i

2.2, vill 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 j

vould cause the limits specified in Section 2.1.1 to be exceeded. The 5

minimum alarn/ 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 affluent concentration (C)). That is,
.5 =b xC (2.4)*

J J J
,

P

|

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

!

!

,

t

( !

;

| - |
C , >: . V , |; < ,c:b
I? V:] . Q , ;: ' . ;--*.

4 ia i' - j n ;,

$$ L..$ h'

|
|

. .. _ . . . ..- ... -.-- - . - - . - . . . - . ---- - -

!
. . - - . , . _ . . _ _ . - . . - - .- - . _ - . . - _ - - - - , . . - .
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2.2.2 Post-Kelesse Analvsis

A post-release analysis vill be doce using actual release data to

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

A co:posite list of concentrations (C ), by isote;e, vill be usedg

with the actual liquid radvaste -(f) and dilu ics (F) flow ratas (or vale as)
'during the release. The data vill be substituted into Equatica 2.3 to .

de=onstrate co:pliance s-ith the li=its is Se= ties 2.1.1. Thls data a d

setpoints s-ill be recorded in auditable racords by plant perse::al. !I

.. ,

2.3 Dose j

2.3 1 RETS Recuirement

Specification 3 9.1 of the Radiological Effluent Technical Specifi-
i

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 nrem 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 I A /Ci < 0.5g
'

where A = cummulative quarterly activity of nuclide i identified
g

in liquid release (Ci) '

Ci = Design objective annual quantity of radionuclide i froa |

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 per Curie

(D /C ) g for each nuclide i shown in Table '2.2 , were calculated a,s.,.
s.., a ,t .-yi-

follows: p) ' ;'< ,i Ij,j

: ,\ 3 $.kY ~ '

L id ni , ~ 0$ r'l !?l
..

Nd b
_ ,
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2.3.2.1 water Ingestion

The dose to an individual from ingestion of water is described by the

following equation. g
~

(DCF) xI rem (2.11)D = g

i=1

where:
th

Dj=doseforthej organ from radionuclides released rem.

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

DCF = adult ingestion dose commitment factor for the thgj
organ from the i radionuclide rem /pC1, see attached

as Table 2.1.

= acMmy ingested of he O radiomelide, W.I
f

I is described byg

=(A )(V)(365)I gg
2.12)1000d

where:
365 = days per year

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

V = average rate of water consumption (730 ml/d ICRP 23, p. 356)
d = dilution water flow for year

1000 = dispersion factor from discharge to nearest drinking

water supply.

The dose equation then becomes

mrem (2.13)266 (DCF)ggxAD =
g

i=1

2.3.2.2 Fish Int'estion

The dose to an individual from the consumption of fish is described by ,

OEquation 2.13 In this case the activity ingested of the j radionuclide (I )g

is described by
'~A B F .

i* * N miI I I A C C Z: M ( 2 . 11s)
15d 4.,3 3 T- 9 M ;q
~

f ; i ). ri t ' .'.,

[t; '. .' [ , j~j t- "'
+t

:s c 1 v.- s ::.
, .b ,b3 . 'l ;-] u - \

'

*

i !O d 60! DE_ L
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where:

A = Annual released of i radionuclide, pCig
]

B = Fish concentration factor of i radionuclide uCi/rmf
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 (ml)
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 crem (2.15)Dg =
g 1 g

d
,

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

B

D = D
j 13, rem (2.16)

i=1
n,

(DcF)1) x I , rem (2.17)=
t

. -

* .. \ 4 t. E

i .E ! 1 Z1 [p:..

. . . 1 ;D, ' | c,e, M-p' .- ..-

.,; ,c.3 y,y
.O it* f.i.. . i

j g !y ; ; .g ,d {, , ,
where:

7 'dL;9 d d dU l.2th chD ),= dose to the j organ from the i radionuclide, ren.g

*

j = the organ of interest (bone, GI tract, thyroid, or total
body).

(DCF)g) = adult ingestion dose co:=ittent factor for che,j'
thorgan from the i radionuclide, res/ ci, see Table 2.1.s
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I = activity ingested of the i radionuclide, pCig

I for water ingestion is described byg

A VT
I " I
i VCi (2.18)'

ud

and for fish ingestion I is described by
f

I =A B FTg 3
i , pCi (2.19)ud

where
thA = activity released of j radionuclide during the year, pCig

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

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

u = dispersion factor from point of discharge to point of exposure.

d = dilution water volume (ml)
th

B = fish concentration factor of the i radionuclide, {y

F = nmount of fish eaten per day (57.5 sm)

2.h Operability of Liquid Radvaste Ecuirment

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 vastes prior to their discharge (by recycle or shipment
for disposal) whenever liquid effluent releases to unrestricted areas (see
l'igure 2.1) would er.ceed Specification 3 91. Maintaining the cumulative
fraction of allowable release for each batch release and weekly for

continuous releases assures compliance with this requirement.

i
|

i' ' . k(SN&s M%
| N.'
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h. '
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g
a 66 I-131 SJ17 8.0$E 00 9.96E-07 3 e 1.96E-01 3.elC-01 5.out-ce$ 67 P1-131 15217 P . O ? r. 0 0 ,_9,. 4.tE;0 7 6 ? l 3 v_*f - n i 1. ",_lf._-_o I 5 g) of. _9,6_H 66 1-132 52te 9.StE-02 6.37L-Ot 3 1 5.16E-01 2.3JL 00 5.00E-oo69 pt-132 1521e 9.%hE-02 8 . 2 7 E. ,0 5 6 1.,_,5.14 E - 01 2. 3 3 F,,_o 0 5.,90E ,06__, Iso 1-132 5219 6.75E-01 9.17E-Oc 3 2 *.ueE-01 6.10F- 01 5.00E-06 I*

51 pt-132 15214 6d.5E-01 9.17E-Oe 6_, 2 6.unf,,01__6.17. ;91 5 00E;06_52 1-136 5220 3.$1E-02 2.22E-0 3 1 e.1oE-01 2.5%E 00 5.00E-06
_

.,

53 =1-136 16?;o 10,1 r, _qJ 7 R?? .06 ' ! $s.LO.E. .0,L 2 5.9.E_.,0.a 5 .3.0 E,- 9 e__54 1-125 5221 2. 7 5E-01 2.a7E-0) J i 3.6ME-01 1.SoE 00 5.coE-Od
s

55 *I-135 15321 2 . 7 s E - 01, ,,,,2 . 8* 7 t - 0 5_6 7 3. 0" f - c l__,1. 5 e E_9 0_5 . 0 0 E ,4 6_,,,'

56 aE-131= 5612 1.tet 01 6.e0E-07 I I 1.63C-01 2.01E-02 1.0Ct-11
.

$7-

~5s,2E-132= 5616,,,2.2eE oC.,J.55E-0& ,_I_ I,._!.90E-0l_,_6.IoE,-02__1 00E-1LOaE-132 5612 5.27E oc 1.52E-Ot 1 1 .1.J3:-01 6.3 L-02 1. O ut-! p5Elusc_2dI5359 sE-135m 5616 1.0&E-02 7.635-06 1 1 9.50E-02 *.32E-01 1.0CE-ILYJ60 3E-135' 8615 3.82E-01 2.09E-05 1 1 3.t?E-01 2.*7E-01 1.00E-11d 3
1. 0 0 E - I l~s 'T"[ . -

61 3E-tJ7 **l7 2.7tE-02 2.eeE-03 I I 1.66E 00 1.9-E-01~ 2* E;12e 5'1e "~1'.lPE-02 ~6.h0E-0. I 1 0.0*E-01 1.lvE 00
~

6 16

1.00E:06 PPT ~~ 3 M"?
1.00E-11A3 C5-126 5510 7.6PE of 1.07E-Oc 5 1 1.57E-01 1.06E 00 #.;~4C'C5 13e 5512-~ 1. l Cf o9 7.2*E-15 5-~1 5.76E-02' O'.n~

-

1. o 0 E - O c ~% a,'~ w65 C5-lJe 5516 1.20E ol__,4.17E-07 5 l_ l.0!C-01 2.20E 00 !.00E-06 .3-[6 t. C5-l37 b ES ~ l'.1'GE~06 7.2%L-lo b I 2.stt-01 5.41E-01 1. c o c -0 6A - l' *
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6M~PaJ139 1.35E'0* 5 t 6 .' S * t. - 01 S.0dt-02~~ '. 9 aE ' O i.~~ .,b . Z'169 es-160 Sete 1.2tt al 6 27E-07
,
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Table 1.3

Pr.usacEs srtE.

ANNUAL AVEltAGE Y/Q VA1.UES (sec/m )*

j'{;g~~ )(9/1/73-8/31/74)
.,s

11 -

f% * -].
, N y .,'.%

.].

[:'O. : e '
. ~ . 4

"'
WIND DIRECTION

e -.s.[ ' 2}'

Distance NNE NE ENE E ESE SE SSE S .

-

tm)
__ 50. .:. : ~

..?;- . . . ,

805 1.0-05 1.6-05 0.0-06 3.4-05 1.2-05 1.4-05, 9.8-06 9.3-06 fyi:- ,cJ's
OE'? . ~ b] .

2414 1.2-06 1.0-06 9.9-07 1.5-06 1.4-06 1.6-06 1.1-06 1.0-06 Sii;J |
.

4023 4.0-07 5.8-07 3.2-07 4.8-07 4.6-07 5.6-07 * 3.8-07 3.3-07

5633 2.0-07 2.8-07 1.6-07 2.4-07 2.3-07 2.9-07 149-01 1.7-07

7242 1,3-07 1.8-07 1.0-07 1.5-07 1.5-07 1.9-07 1.2-07 1.1-07

12070 5.2-08 7.2-08 4.1-08 5.S-08 6.1-08 7.9-08 5.0-08 4.4-08

*

Wind direction is defined as the direction from which the wind flows. The noctor affected will be offset 180*.
*

Y/Q values are abbrovtated (e.g., 2.00 x 10-6 s written 2.00-06). Y/Q values as prencnted are based on ai
straight-!!no attflow model with open terrain adjustment factorse plume depletion was not included.

.

.

. . - - ,, e e%- ,-, , --<y e -w- w r ,, -%-- - - - - - y e---- -,---- -c -e-- -+ ,- -- we-- , - - - - - . v- = ~ - -< - , , -



[b , .. 51Table 1.3 (Cont'd)
sg -a 1:

' ]. 10*

.$G;- 'Q
..

, _. . . . . e 3Distanco SSW SW WSW W WNW NW NNW H :) ..(m)
.

.-Q
_ ' ' '' (j.:805 3.9-06 7.1-06 6.6-06 1.2-05 0.3-06 1.1-05 9.9-06 8.8-06 i -- ''

,

_,
n . .; y2414 4.0-07 7.9-07 6.9-07 1. 3-0 G 9.6-07 1.3-06 1.2-06 9.9-07 '' ' A
I ,' .' . .)J4023 1.3-07 2.G-07 2.2-07 4.4-07 3.3-07 4.6-07 4.0-07 3.2-07 bs* ved - ' .' ci]

_ _ _ _ '

56J3 6.2-03 , 1.3-07 1.1-07 2.2-07 1.7-07 2.0-07 2.1-07 1.6-07
7242 3.9-08 8.3-00 7.1-08. 1.5-07 1.1-07 1.6-07 1.4-07 1.0-07

12070 1.5-08 3.3-03 2 J.0-08 5.9 -08 4.7-08 6.7-08 ,5.7-08 4.2-08

.

b

e

1

i

'

i

1

.

|-

~

l

.

__ _ - - - - - - - - - - - - - - - - - - - - - _ _ - - - - - _ - - -- - - --- ----



,

.

. ,

.

PALISADES PLANT

MAXI!GI DOSE POIIITS*
TABLE 1.h

Miles to the Nes. rest:

*

Meat Milk

Sector Residence Ani a1 Garden > 500 So Ft Cows Goats

NNE 1.2 None 1 70 None 2.60
. NE 1.65 2 90 1.80 h.30 None

ENE 1.6 3.10 1.80 None None
E 1.2 5 00 2.10 None k.85
ESE 1.00 1.00 1.25 k.20 3 25
SE 1.2 2.10 1.k0 k.20 None
SSE 09 53 1.80 5 30

'

None
S 0.63 5 10 ~1.k0 None 3 20
SSW 07 None k.90 None None
SW None None None None Ucne
WSW None None None None None
W None None None' Nonc Hone
WNW None None None None Ncne
NW None None None Hone Hone
N None None None None None

Current Loestiens of hxt=r. Dose

Distance Iccation Nor=al Decosition
po, (:. files ) (Sector) Descrittien X[0 (s/=3) D/Q (1/n )2o

1 0.63 S Residence 5 56(-6) 3.0S(-S)

2 1.25 ESE Garden 1.h (-6) 9.6 (-9)

3 1.00 ESE Meat Ani=al 2.13(-6) 1.k9(-8)

k 2.6 NNE coat Milk 1.17(-7) 1.1 (-9)-

5 k.2 SE Milk cov 1 78(-7) 7 2(-10)

@r f*%* Example based on 3-12-79 submittal.

f c ,o .O IG q p ,

vi |
-
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TA31.E 1.5
,

DOSE TACTORS FOR Sr3MIRSICS IN NO3LE CASES

I I 2DFB DPy* DFS DF2

Kr-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)

Kr-87 5.92(+3) 6.05(+3) 9.73 (+3) 2.01($4)

Kr-88 1.47 (+4) 1.50 (+4) 2.37(+3) 5. 72 (+3)t

s
Kr-89 1.66 (+4) 1.59 (+4) 1.01(+4)~ 1.88 (+4)

Ze-131m 9.15 (+1) 1.53 (+2) 4.76(+2) 2.18(+3)
I

Ze-133m 2.51(+2) 3.17 (+2) 9. 94 (+2) 2.90(+3)
.

Ze-133 2.94 (+2) 3.46 (+2) 3.06(+2) 2.06 (+3)
.

Ze-135m 3.12 (+3) 3.30(+3) 7.11(+2) 1.45(+3)

Ie-135 1.81(+3) 1.8s (+3) 1.ss(+3) 4. 84 (+3)

Xe-137 1.42(+3) 1.4S(+3) 1.22(+4) 2.50 (+4)

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

Ar-41 8. 84 (+3) 9. 76 (+3) 2.69 (+3) 5.34 (+3)

1. nrem/y per UC1/=8
32. nrad/y per UCi/m .

83. 1.17(+3) = 1.17x10 .

l

.

'
._
~

?,

79g; . ,
.

l:u
;. . 8

-

[f {
o ? . -%,'

ijf ? ..J

- 52 p;;f~. . ! h |-

~s |
c4

I

~:'
_ _

|

* . . . .. _ _ _ _ _ _ _ _ _ _ _ _ _ _ .



TABLE 1.6.

-
.

.

STABLE ELEMENT TRANSFER DATA-

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

GOAT)_

H 1.E-02 1.7E-01 1.2E-02
C 1.2E-02 1.0E-01 3.lE-02
Na 4.0E-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
con 1.0E-03 1.E-03 1.3E-02
Ni 6.7E-03 6.7E-03 5.3E-02
Cu 1.4E-02 1.3E-02 8.0E-03
2n 3.9E-02 3.9E-02 3.M-02

3.0E-02 3.0E-02 3.lE-02
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 } .E-06 1.E-06 4. E-01
Rh 1.0E-02 1.0E-02 1.5E-03
Ag 5.E-02 5. [-02 1.7E-02
Te 1.0E-03 1.0E-03 7.7E-02,, ..

l' I 6.E-03 6. E-02 2.9E-03
' '

-

"
Cs 1.2E-02 3.0E-02 4.0E-03
Ba 4.0E-04 4.E-04 3.2E-03
La 5.0E-06 5.0E'-66 2.0E-04
Ce 1.E-CM 1. E-04 1.2E-03Pr 5.0E-06 5.0E-06 4.7E-03
Nd 5.0E-06 5.E-06 3.3E-03
W 5.0E-04 5.0E-04 1.3E-03
$ 5.0E-06 5.0E-06 2. E-04o,

;d

f.

.

w,

k

>
i

'

i ,/
...

,) ,

,

. r,
f

f|'| ' , ,u. . . . h.

/ m a di
.t

-; -

; 3 - 1

|
-

, . ..s,

.

|
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TABLE 1*T
.

INHALATION DOSE FACTORS FOR INFANT-

(MREM PER PCI INHALED)

Page 1 of 3

.

NUELicE BONE LtvER T.80cv THY 20!D RIDNEY LUNG GI-LLI

H 3 NO DATA 4.62E-07 4.62C-07 4.62F-07 4.62E.07 4.62E-07 4.62E-J7

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 8. 0 3E-C5 S.53E-0) 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
NN 54 NO DATA 1.81E-05 3.56E-06 NO DATA 3.56E-06 7.14E-04 5.06E-06

..............--... ............ .....................-........--...... .
MN 56 NO DATA 1 10E-09 1.50E-10 NO DATA 7.86E.10 8.95E-06 5.12E-05
FE 55 1.41E-05 8.39E-06 2.38E-06 NO DATA NO DATA 6.21E-05 7.52E-07

FE 59 9 69E-06 1 6BE-05 6.77E-06 NO DATA NO DATA 7.25E-04 1.77E-05

CD 58 NO DATA 8.71E-07 1.30E-06 NO DATA NO DATA 5.55E.04 7.95E-c6
CO 60 NO DATA 5.73E-06 8.41E-06 NO DATA NO DATA 3.22E-03 2.2!E-0S
NI 63 2 42E-04 1.46E-05 8.29E-06 NO DATA NO DATA 1.49E-04 1.73E-06

'

N1 65 1 71E-09 2 33C-10 8.79E-11 N3 DATA NO DATA 5.80E-06 3.555-05

CU 64 NO DATA 1 34E-09 5.53E-10 NO DATA 2 84E-09 6.64E-06 1.07E-05
24 65 1 38E-05 4.*7E-05 2.22E-05 NO DATA 2 32E-05 4.62E-04 3.67E-05

2N 69 3.85E-11 6.91E-11 5.13E-12 NO DATA 2 87E-11 1.05E-06 9.4*E-06

BR 83 NO DATA NO DATA 2.7?E-07 NO DATA NO DATA NO DATA LT E-24
FR 84 NO DATA NO DATA 2.86E-07 NO DATA NO DATA NO DATA LT E-24

BR 85 NO DATA NO DATA 1.46E-08 NO DATA NO DATA NO DATA LT E-24
RB 86 NO DATA 1.36E-04 6.30E-05 NO DATA NO DATA HD DATA 2.17E-06
RB 88 NO DATA 3 98E-07 2.osE-07 NO DATA NO DATA NO DATA 2.42E-07

R8 89 NO DATA E.29E-07 1.47E-07 NO DATA NO DATA NO D AT A 4.87E-05
SR 89 2 84E-04 NO DATA 8.15 E-0 6 NO DATA NO DATA 1.45E-03 4.57E-05
SR 90 2.92E-02 NU DATA 1.85E-03 NO DATA NO DATA 8.03E-03 9 3tE-05

SR 91 6 83E-08 NO D&TA 2.47E-09 NO DATA NO DATA 3.76E-05 5 24E-05
SR 92 7.50E-C9 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 917 2 9tE-10 NO DATA 9.90E-12 NO DATA NO DATA 1.99E-06 1.60E-06
Y 91 4.20E-04 NO DATA 1.12E-05 NO DATA NO DATA 1.75E-03 5.02E-05
Y 92 1 17E-08 ND DATA 3.29E-10 NO DATA 40 DATA 1.75E-05 9.04E-05

.......--........... ....... .--..--.... ................--..........

f ,? , $[.1 %;.s ['H,; .. v-
s,c .; y . .. >1
Qdb . L' i f f

---4 u.

. . _ _ . . _ _ .
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TABLE 17 CONT 'D.

'

INHALATION DOSE FACTORS FOR INFANT

(MREM PER PCI INHALED)

Page 2 of 3 ,

|

|

!
,

NUCLICE SONE LIVER T . 80 DY THYR 010 KIONEY LUNG GI-LLI

y 93 1.07E-07 NO DATA 2.91E-09 NO DATA NO DATA 5.46E-05 1.19E-04 i
~

2R 95 p.24E-0) 1.19E-05 1.45E-05 NO DATA .2.22E-05 1.25E-03 1.55E-05 ;

24 97 1.07E-07 1.83E-08 8.36E-09 NU DATA 1.85E-08 7.88E-05 1.00E-04
i

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.lti-07 2. 31 E-0 8 NO DATA 1.A9E-07 9.63E-05 3.48E-05 t

1C 99* 9.98E-13 2.06E-12 2.66E-11 NO DATA 2 22E-11 5.79E-07 1.45E-06
t

- - - - - - - - - - - - - - - - - - - . . . . . . - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
I

TC101 4.65E-14 5.99E-14 5.80E-13 NO DATA 6.99E-13 4.17E-07 6.03E-07
RU103 1.44E-06 NO DATA 4.85E-07 NO DATA 3.03E-06 3.94E-04 1.15E-05 t

RU105 8.74E-10 NO DATA 2.93E-10 NO DATA 6.42E-10 1.12E-05 3.46E-05 |

RU106 6.20E-05 NO DATA 7.77E-06 NO DATA 7.61E-05 8.26E-03 1 17E-04
AGl10" 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 l

|

TE127P 1.19E-05 4.93E-06 1 48E-06 3.48E-06 2.68E-05 9.37E-04 1.95E-05 |

TE127 1.59E-09 6.51E-10 3.49E-10 1.32E-09 3.47E-09 7.39E-06 1.74E-05 :
'

TE129r 1.01E-05 4. 35E-06 1.59E-06 3.91E-06 2.27E-05 1.235-03 4.93E-05
------------------- .------------------------------------------------------- j

TE129 5.63E-11 2.48E-11 1.34E-11 4.82E-11 1.25E-10 2.14E-06 1 38E-05 ,

TE131M 7.62E-08 3.93E-08 2.59E-08 6.38E-08 1.89E-07 1.42E-04 8.515-05 i

TE131 1.24E-11 5.87E-12 3.57E-12 1.13E-11 2.85E-11 1.47E-06 5.87E-06

TE132 2.66E-07 1.69E-07 1.26E-07 1.99E-07 7.39E-O'7 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
1 131 2.71E-05 3.17E-05 1.40E-OS 1.06E-02 3.70E-05' NO DATA 7.56E-07

1 132 1.21E-06 2.53E-06 8.99E-07 1.21E-04 2.92E-06 NO DATA 1.36E-06
1 133 9.46E-06 1.37E-05 4.00E-06 2.54E-03 1.60E-05 NO DATA 1.54E-06

1 134 6 58E-07 1.34E-06 4.75E-07 3.18E-05 1.49E-06 NO DATA 9.21E-07

1 135 2.76E-06 5.41E-06 1.99E-06 4.97E-04 6.05E-06 NO DATA 1.3tE-On

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. 61 E- 05 3.7SE-05 NO DATA 4.03E-05 8.40E-n6 1.02E-06 *

C5137 3.92E-04 4.37F-04 3.25E-05 NO DATA 1.23E-04 5.09E-05 9.53E-07 -

C5138 3.61E-07 5 58E-07 2.84E-07 NO DATA 2.93E-07 4.67E-08 6.26F-07

UA139 1.06E-09 7.03E-13 3.07E-Il NO DATA 4.73E-13 4.25E-06 3.64F-05 ,

,

* .e

dg, j ,. - e- +!.c
db !'.1 i9'
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TABLE 1.T CONT'D

INHALATION DOSE FACTORS FO.R INFANT-

(MREM PER PCI INHALED)

Page 3 of 3

* -
. ,

.

,NuCLICE 80NE LIVER T. BODY THYRotD KtDNEY LUNG GI-LLI

BA140 4.00E-05 4.00E-08 2.07E-06 NO DATA 9.59E-09 1.14E-Ost 2.74E-05
UA141 1.12E-10 7.700-14 3.55E-12 NO DATA 4.64E-14 2.12E-06 3.39F-06

kA142 2.84E-11 2. 3 6 E- 14 1. 40 E-12 NO DATA 1.36E-14 1.11E-06 4.95E-07

L A140 3.61E-07 1. 4 3 t-07 3.68E-08 NO DATA NO DATA 1 20E-04 6.06E-05

LA142 7.36E-10 2.69E-10 6.4cE-11 h0 DATA NO DATA S.87F-06 4.25E-05
CE141 1.98E-05 1.19E-05 1 42E-06 NO DATA 3.T5t-06 3 69E-04 1.54E-05

CE143 2.09E-07 1.1BE-07 1.59E-08 No DATA 4.03E-08 8.30E-05 3.555-05

CE144 2.28E-03 8.oSE-04 1.2eE-04 NO DATA 3.84E-04 7 03E n3 1.06E-04
PR143 1.00E-05 3.74E-06 4.97E-07 NO DATA 1.41E-06 3 09E-04 2.66E-05

PR144 3.4 2 E- 11 1.32E-11 1.72E-12 NO DATA 4.40E-12 1 15E-06 3.06E-06

ND147 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 DATA NO DATA 2 83E-05 2.54E-05
. . _ . _......;..... . .....- .......... ......... ..................

NP239 2.65E-07 2. 3 7E-0 8 1.34E-08 NO DATA * 4.73E-06 4.25E-05 1.78E-05
o

r
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TABLE 17
. INHALATION DOSE FACTORS FOR ADULTS

(MREM PER PCI INHALED)

Page 1 of 3

4

NUCLICE BONE LIVER T.ROCY THYROID KIDNEY LUNC G1-LLI'

H 3 NO DATA 1.58E-07 1.58F-07 1.58E-07 1.58E-07 1.58E-07 1.58F-07
C 14 2.27E-06 4.26E-C7 4.2 6E-0 7 4.26E-07 4.26E-07 4.26E-07 4.26E-07
NA 24 1.28E-06 1.28E-06 1.26E-06 1.2SE-06 1.28E-06 1.28E-06 1.28E-06

P 32 1.65E-04 9.64E-06 6. 2 6 E-0 6 NO DATA NC DATA NO DATA 1.08E-05
CR 51 NO DATA NO DATA 1.2 5 E-0 8 7.44E-09 2.85E-09 1.80E-06 4.lbE-07
MN 54 NO DATA 4.95E-06 7.8FE-07 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 3.07E-06 2.12E-06 4.91E-07 No DATA NO DATA 9.01E-06 7.54E-07

FE 59 1.47E-06 3.47E-Co 1.32E-06 NO DATA NO DATA 1.27E-04 2.35E-05 ,

*

.._............................._ ........ ______................. ..

CD 58 NO DATA 1.9su-07 2.59E-07 NO CATA NC DATA 1.16E-04 1.33E-05
CO 60 NO DATA 1.44E-06 1 8)E-0 6 NO DATA NO DATA 7.46E-04 3.56E-05
NI 63 5.40E-05 3.93E-06 1 81E-06 NO DATA NO DATA 2.23E-05 1.67E-06

NI 65 1.92E-10 2.62E-11 1.14 F-1 1 NO DATA NC DATA 7.00E-07 1.54E-06

CU 64 NO DATA 1.83E-10 7.69E-11 NO DATA b.78E-10 8.48E-07 6.12E-06
ZN 65 4.0$E-06 1.29E-05 s.82E-06 NO DATA 8.62E-06 1.00E-04 6.68E-06

ZN 69 4.23E-1?, 8.14E-12 5. 65 E-13 NO DATA 5.27E-12 1.15E-07 2.04E-C9
6R 83 NO DATA NO DATA 3.01E 0 8 NO DATA NO CATA NO DATA 2.9CE-C8
BR 84 NO DATA NO CATA 3.91 E-0 8. NO D AT A NO DATA NO DATA 2.05E-13

SR 8b NO DATA NO CATA 1.6CE-09 NO DATA NO CATA NO DATA LT E-24
48 So NU DATA 1.69E-05 7. 37 E-0 6 NO DATA NO DATA h0 DATA 2.0EE-06
RS 88 NO DATA 4.84E-08 2.41E-38 NO DATA NO DATA NO DATA 4.18E-19 ;

2

. . . . . . . . . . . . . . . . _ . . . . . . . . . . . . . . . . . . . . . . . . . _ . . . - . . . _ . . . . . . _ .

RB 89 NO DATA 3.20E-08 2.12E-08 NO QAIA NO DATA NO DATA 1.16E-21
SR 89 3.80E-05 NO CATA 1.09E-06 NO DATA NO DATA 1.75E-04 4.37E-05
SR 90 1.24E-02 NO CATA 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 8.43E-10 NO CATA 3.6'E-11 NO DATA NO DATA 2.06E-06 5.38E-06
Y 90 2.61E-07 NO CATA 7.01E-09 NO DATA NO DATA 2.12E-05 6.32E-05

'

Y ,91M 3.26E-11 NO DATA 1.27E-12 NO DATA NO DATA 2.40E-07 1.66E-10
Y 91 5.78E-05 NO DATA 1.55E-06 NO DA1A NO DATA 2.13E-04 4.81!-05
Y 92 1.29E-09 NO DATA 3. 77 E-1 1 NO DATA NO DATA 1.96E-06 9.19E-06

@g , Q ~l. c.-- 7.-P m.
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TABLE 1.T CONT'D

INHALATION DOSE FACTORS FOR ADULTS

(MREM PER PCI INHALED)

Page 2 of 3 l

.

AUCLIOE 80NE liver T. BODY THYRDID KIONEY LUNG Cl-LLI

Y 93 1.18E-b8 NO CATA 3.26E-10 NO DATA NO DATA 6.06E-06 5.27E-05
2R 95 1.34E-05 4.3CE-06 2.91E-06 NO DATA o.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

N8 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-00 1.14E-C5 3.10E-05
TC 99M 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 7.36E-14 NO DATA 1.356-13 4.99E-08 I.36F-21 '
RU103 1.91E-07 NO DATA 8. 23 E -0 8 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 8.64E-06 NO DATA 1. 01E -0 6 NO DATA 1.67E-05 1.17E-03 1.taE-04
'

AG110F 1.35E-06 1.25E-06 7. 4 3 E-0 7 NO DATA 2.46E-06 5.79E-04 3.7aE-05
TE125M 4.27E-07 1.99E-07 5.84E-08 1.31E-07 1.556-06 3.92E-05 8.83E-46

TE127P 1.58E-06 7.21E-07 1.90E-07 4.11E-07 5.72E-06 1.20E-04 1.87E-05 .

'

TE127 1.75E-10 8.0 M-11 3.8TE-11 1.32E-10 6.37E-10 8.14E-07 7.17E-06
TE129p 1 22E-06 5.64E-07 1.98E-07 4.30E-07 4.57E-06 1.45E-04 4.79E-05

TEl29 6.22E-12 2.99E-12 1.5SE-12 4.87E-12 2.34E-11 2.42E-07 1.96E-08 ,

IE131M 8.74E-09 5.45E-09 3 63F-09 6.80E-09 3.86E-08 1.82E-05 6.95E-05
'

IE131 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-05 2.02E-03 2.37E-08 1.82E-07 3.60E-05 6.37E-05
1 130 5.72E-07 1.68E-06 6.6CE-07 1.42E-04 2.61E-06 NO DATA 9.61E-07

'

I 131 3.15E-06 4.47E-Oo 2.56E-06 1.49E-03 7.66(-06 NO DATA 7.85E-07

I 132 1 45E-07 4.07E-07 1.4 5 E-0 7 1.43E-05 6.48E-07 NO DATA 5.0BF-08
1 133 1.08E-06 1.85E-06 5.65E-07 2.69E-04 3.23E-06 NO DATA 1.11E-06
I 134 8.05E-08 2.16E-07 7.69E-08 3.73E-06 3.44E-07 NO DATA 1.26E-10

1 135 3.35E-C7 8.73E-07 3.21E-07 5.00E-05 1.39E-06 NO DATA 6.56E-07
C5134 4.66E-C5 1.06E-04 9.10E-05 NO DATA 3.59E-05 1.22E-05 1.30E-06
C5136 4.88E-C6 1.83E-05 1.38E-05 NO DATA 1.07E-05 1.50E-06 1.465-06

C5137 5.98E-05 7.76E-05 5.35E-05 NG DATA 2.78E-05 9.40E-06 1.05E-06
C1138 4.14E-08 7.76E-08 4.05E-08 NO DATA 6.00E-05 6.07E-09 2.33E-13
BAl39 1.17E-10 8.32E-14 3.42E-12 NO DATA 7.78E-14 4.70E-07 1.125-07 t

j___________________________________________. ___________.___________________
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TABLE 1.7 . CONT'D |
-

i.

INHALATION 00SE FACTORS FOR ADULTS |. . ,

(MREM PER PCI INHALED) |
,

Page 3 of 3 !

NUCLICE BONE LIVER f.800Y THYROID KIDNEY LUNG GI-LLI
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

BA140 4.88E-06 6.138-09 1. 21 E-C T N0'OATA 2.09E-09 1.59E-04 2.73F-05
nA141 1.25E-11 9.41E-15 4.20E-13 NO DATA 8.75E-15 2.42E-07 1.45E-17
84142 3.29E-12 3.38E-15 2.07E-Il 140 0 A T A 2.86E-15 1.49E-07 1.96E-26

LA140 4.10E-08 2.17E-08 5.73E-09 NO DATA NO~04TA 1 70E-05 5.73E-05

LA142 8.54E-Il 3.tSE-11 9.64E-12 NO DATA No DATA 7.91E-07 2.64E-07
.

CE141 2.49E-06 1.69E-06 1.91L-07 NO DATA 7.83E-07 4.52E-05 1.50E-05

CE143 2.33E-04 1.72E-03 1.91E-09 NO DATS 7.60E-0* 9.975-06 2.83E-05
CEl44 4.29E-04 1.79E-04 2.30E-05 NO DATA 1 06E-04 9.72E-04 1.02E-04
P4143 1.17E-06 4.69E-07 5. 89E-0 8 Nn DATA 2.70E-07 3.51E-05 2.50E-05

PR144 3.76E-12 1.56E-12 1.91E-13 NO DATA 8.81E-13 1. 2 7 F.-0 7 2.69E-18
N0147 6.59E-07 7.625-07 4.5bE-08 NO DATA 4.45E-07 2.76E-05 2.16t-05
W 187 1.06E-09 8.85i-13 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 8.75E-09 4.70E-06 1.49E-05

i
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TABLE 1.7

INHALATI0tt DOSE FACTORS FOR CHILD*

(MRB4 PER PCI INHALED)

Page 1 of 3
.

h

*

,

NUEL 1DE SONE liver T.AODY THYRO 10 KIDNEY LUNG Cl-LL1
.. ............................. . .................. ....... ......... 7

H 3 NO DATA 3.C4E-07 3. 04 E-0 7 3.04d-07 1.04E-07 3.04E-07 3.0&E-07

C 14 5.70E-06 1.82E-06 1. 92 E-0 6 1.82E-C6 1.82E-06 1.82E-06 1.82E-06
i

NA 24 4.15E-06 4.35 -06 4. 3 5E-0 6 4.35E-06 4.35E P6 4.35E-06 4.35E-06
;

P 32 7.04E-04 3.09E-05 2.6 TE-0 5 NO DATA NC DATA NO DATA 1 14E-05i

CR SI ND DATA NO DATA 4.17 E-0 8 2.31r-08 6.576-09 4.59E-06 2.93C-C7 t

MN $4 ND DATA 1.165-05 2.57F-06 NO DATA 2.7tE-06 4.26E-04 6.19F-06 ;

'

MN 56 NU DATA 4.48E-10 8. 4 3E-11 NO DATA 4.52E-10 3.55E-06 3.33E-05
.O DATA NO DATA 3.00E-05 7.75E-07NFE 55 1.28E-05 6.00E-00 2.1 C E-0 6

FE 59 5 59E-06 9.c4E-06 4.5 t E-0 6 NO DATA NO DATA 3.43C-04 1.91E-OS L
*

..... ......... .. .......... .................. ..................... *

CD 58 ND DATA 4.796-07 8. 5 5 E-0 7 NO 04Tt NC DATA 2.99C-04 9.29E-06

CD 60 NO DATA 3.55E-06 6.12 E -0 6 NO DATA NO DATA 1.91E-03 2.40E-C5

N1 63 2 22E-04 1.257-05 7.56E-06 NO DATA NO DATA 7.43E-05 1 71E-06
P

NI 65 8."CSE-10 7.99E-11 4.44E-11 Nn DATA NO DATA 2.21E-06 2.27E-05
CU 64 NO DATA 5,39E-10 2.90E-10 NO DATA 1.63E-09 2 59E-06 4.92E-06

2.69E-04 4.41E-06
2.N 65 1 15E-05 3.06E-05 1.90E-05 NO DATA . 1.93E-05 ,

2N 69 1.81E-11 2.01E-11 2.41E-12 NO DATA 1.58E-11 3.84E-07 2.75E-06
MR 83 NO DATA NO DATA 1. 2 C E-0 7 NO DATA NC DATA NO DATA LT E-24
3R 84 NO DATA Nu DATA 1.4RE-07 NO OATA NC DATA hC DATA LT E-24

'

et 85 NO DA1A NO CATA 6. 84 E-0 9 NO DATA NG DATA NO DATA LT E-24 -

f

RO A6 NO DATA 5.36E-05 3.09E-05 NO CATA NO DATA NO DATA 2.16E-06
RP 88 NO DATA 1.52E-07 9. 90E-0 8 NO DATA NG DATA NO CATA 4.66E-09 >

RB 89 NO DATA 9. 3 3E-08 7. 8 a E-O R. NO DATA NC DATA NO DATA 5.11E-10

59 89 1.62E-04 NO CATA 4.6eE-06 NO DATA NO DATA 5. 83 C-04 4.52E-05 -

SR 90 2.73E-02 NO DATA 1.74E-03 NO DATA NC DATA 3.99E-03 9.2EE-05

SP. 91 3.28E-09 NO CATA 1.24E-09 NO DATA NO DATA 1.44E-05 4.70r.05

SR 92 3.54E-09 NO DATA 1.42E-10 ND DATA NO DAla 6.49E-06 6.55E-05 I

Y 90 1.11E-C6 NO DATA 2.9 3F-0 8 NO DATA NC DATA 7.07E-05 7.24E-05
'

Y 91P 1.37E-10 NO DATA 4.9 8 E-12 ,NO DATA NO DATA 7.60F-07 4.64E-07 |

Y 91 2.47E-04 NO DATA 6. 59 E-0 6 NO DATA NO DATA 7.10E-04 4.97E-05
Y 92 5 50E-09 NO DATA 1. 57 E-10 NO DATA NO DATA 6.46E-C6 6.46E-05

i,

l

I

.
k

_4 . .

, e. . .s. .

f
*

.t q

y ..
- .

. .i

ri vi '

Q]. 57 . ;J--
* 2.:

,"4.

.d5 LM

_ _ _ .-. . , - ._ , - . . _ . ,



-_ _

.

TABLE 1 7 CONT'D
.

INHALATION DOSE FACTORS FOR CHILD'

(MREM PER PCI INHALED)

Page 2 of 3

NUCLIDE SONE LIVER ' T.dDCY THYRDID KIDNEY LUNG Cl-LLI

Y 93 5.04E-08 NO DATA 1.3cE-09 NO DATA NO DATA 2.0tE-05 1.05!-04

2R 95 b.13E-05 1.13E-05 1.00E-05 NO DATA 1.61d*0s 6.03E-04 1.65E-05
2R 97 5.07E-08 7.34E-09 4.32E-09 NO DATA 1.05E-00 3.06E-05 9.49E-05

h6 95 6.35E-06 2.48E-06 1.77E-06 NO DATA 2.33E-06 1.66E-04 1.00E-05
MD 99 NO DATA 4.66E-06 1.l>E-08 NO DATA t.06E-07 3.66E-05 1.42E-05*

TC 99F 4.81E-13 9.41L-13 1.56E-11 NO DATA 1.37E-11 7.57E-07 1.30E-06

TC101 2.19E-14 2.30E-l* 2. 91 E-13 NO LATA 3.92E-13 1.58E-07 4.418-09

RUl03 7. 5'A E-07 NO DATA 2. 90F-0 7 NO DATA 1.901-06 1.79E-04 1.21E-05
RU105 4.136-10 NO DATA 1.bCE-10 NO DATA 3.63E-10 4.3nE-06 2.69E-05

R0106 3.68E-05 NU DATA 4. 5 7F-0 6 NO DATA 4.97E-05 3.87E-03 1 16E-04
AG110" 4.5sE-06 3.0e!-06 2.47E-06 NO DATA 5.74L-06 1.48E-03 2.71E-05
TE125M 1.82E-06 6.29E-07 2.47E-07 5.20E-07 NG DATA 1.29E-04 9.13E-06

TE127M 6.72E-06 2.31E-Oo 8. l o!-0 7 1.64E-06 1.72E-05 4.00E-04 1.93E-05
TE127 7.49E-10 2.57E-10 1.655-10 5.30E-10 1.91E-09, 2.71F-06 1.52E-05
1E1217 5.19E-06 1 8bE-06 8.22E-07 1.71E-06 1.366-05 4.76E-04 4.91E-05

TE129 2.64E-11 9.45E-12 6.44E-12 1.93E-11 6.94L-11 7.95E-07 6.89E-06

TE13tr 3.63E-08 1.60E-OS 1.37E-38 2.64E-08 1.08E-07 5.56E-05 8.32E-05

TE131 5.87E-12 2.2SE-12 1.7CE-12 4.59L-12 1.59E-11 5.55E-07 3.60E-07

TE132 1.30E-07 7.36E-09 7.12E-Oe 8 58E-08 4.79L-07 1.02E-04 3.72E-05
1 130 2.21E-06 4.435-Ou 2.2SE-DA 4.99E-04 6.6th-06 NO DATA 1.38E-06

1 131 1.30E-05 1. 3 0 F-0 3- 7.37E-06 4.39E-03 2.13E-05 NO DATA 7.68F-07

1 132 5.72E-07 1.105-Oo '5.01E-07 5'. 2 5 E-0 5 1.695-C6 NG DATA 8.65E-07'

1 133 4.48E-06 5.49;-06 2.08E-06 1.04E-03 9.13E-06 NO DATA 1.46E-06

I 134 3.17E-07 5.84E-07 2.61E-07 1.37E-05 8.92E-07 h0 DATA 2.58E-07

I 135 1.13E-06 2.l6E-06 1.12 E-0 6 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
C5136 1.76E-05 4.62E-05 3.14E-05 NO DATA 2.58E-05 3.93E-06 1.13E-06

C5137 2.45E-04 2.23E-04 3.47F-05 NO DATA 7.63E-05 2.81E-05 9.78E-07
C5138 1.71E-07 2.27E-07 1. 50E-0 7 NO DATA l.68E-07 1.84E-38 7.29E-08
R4139 4.98E-10 2.66F-13 1.4>E-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.800f 7HYROIC KIDNEY LUNG GI-LLI

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

CA140 2 00E-05 1.75E-09 1.17E-06 NO DATA 5.71E-09 4.71E-04 2.75E-05 :

BA141 5 29E-11 2.95E-14 1.72F-12 NO DATA 2.56E-14 7.89E-07 7.44E-0S

B4142 1 35E-11 9.73C-15 7. 54 E-13 NO CATA 7.57E-15 4.44E-07 7.41F-10 i

LA140 1 74E-07 6.08E-08 2. 04 E-0 8 NO DATA NO DATA 4.94E-05 6.10E-05 |

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

CE141 1 06E-OS 5.28E-06 7.83E-07 NO DATA 2.31E-06 1.47E-04 1.53E-05

CE143 9.89E-09 5.37E-08 7.77E-09 NO DATA 2.26E-08 3.12E-05 3.44E-05

CE144 1.83E-03 5.72C-0* 9.77E-05 NO DATA 3.17E-04 3.23E-03 1.05E-04
PR143 4.99E-06 1.00E-06 2.47E-07 NO DATA 8.11t-07 1.17E-04 2.63E-05
.-.._-... ...-_ ....__.._...... .... ...____ ...._______.,____. ________

PR144 1 61E-11 4.996-12 S.10E-13 NO DATA 2.64E-12 4.23E-07 5.32E-08
ND147 2.926-06 2.36E-06 1. 84 F-0 7 NO DATA 1.30E-06 8 87E-05 2.22F-05

W 187 4.41E-09 2.61E-09 1.17F-09 NO CATA NC OATA 1 11E-05 2.46E-05
.

I

NP239 1.26E-07 9.047-09 6. 3 5 E-0 9 NO DATA 2.63E-03 1.57E-05 1.73E-05

t
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TABLE 1.6
'

EXTERNAL DOSE FACTCRS FOR STAtOING ON CPJTR.tINATED CROUND

2(mrem /hr per pel/m )

ELEMENT TOTAL BODY SKIN

H-3 0.0 0.0
C-14 0.0 0.0
NA-24 2.50E-08 2.90E-08
P-32 0.0 0.0
Cr-51 2.20E-10 2.60E-10
Mn-54 5.80E-09 6.80E-09
Mn-56 1.10E-08 1.30E-08
Fe-55 0.0 0.0
Fe-59 0.00E-09 9.40E-09
Co-58 7.00E-09 8.20E-09
Cc-60 1.70E-08 2.00E-08
Ni-63 0.0 0.0
Ni-65 3.7E -09 4.30E-09
Cu-64 1.50E-09 1.70E-09
2n-65 4.0E-09 4.60E-09
2n-69 0.0 0.0
Br-83 6.40E-ll 9.30E-Il

,

Br-84 1.20E-08 1.4E-08
Br-85 0.0 0.0
Rb-86 6.30E-10 7.20E-10 '

Rb-88 3.50E-09 4.0E-09
Rb-89 1.50E-08 1.80E-08
Sr-89 5.60E-13 6.50E-13
Sr-91 7.10E-09 8.30E-09
Sr-92 9.00E-09 1.00E-08
Y-90 2.20E-12 2.60E-12
Y-91M 3.8E-09 4.40E-09
Y-91 2.40E-11 2.70E-ll
Y-92 1. 6T-09 1.90E-09
Y-93 5.70E-10 7.80E-10
2r-95 5.00E-09 5.80E-09
Zr-97 5.50E-09 6.4CC-09
Nb-95 5.10E-09 6.0E-09
Mo-99 1.90E-09 2.2E-09
Tc-99M 9.60E-10 1.10E-09
Tc-101 2.70E-09 3.00E-09
Ru-103 3.60E-09 4.2E-09
Ru-105 4.50E-09 5.10E-09 i

Ru-106 1.50E-09 1.80E-09 r

Ag-11CN 1.80E-08 2.10E-08
Te-125M 3.50E-ll 4.80E-Il
Te-127M 1.10E-12 1.30E-12
Te-127 1.00E-ll 1.lE-11
Te-129M 7.70E-10 9.00E-10
Te-129 7.1 E -10 8.40E-10 !
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TABLE 1.8 (Continued).

.

ELEMENT TOTAL BODY SKIN

Te-131M 8.40E-09 9. 9T-09
Te-131 2.20E-09 2.60E-06 1

Te-132 1.7E-09 2.CT-09
''

I-130 1.4T-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 1.2E-08 1.40E-08
Cs-134 1.20E-08 1.40E-08
Cs-136 1.5CE-08 1.70E-08
Cs-137 4.20E-09 4.90E-09
Cs-138 2.l E-08 2.40E-08
Ba-139 2.40E-09' 2.70E-09
Ba-140 2.1E-09 2.40E-09
Ba-141 4. 3T-09 4.90E-09
Ba-142 7.9T-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
Pr-144 2.00E-10 2.30E-10
ftf-147 1.00E-09 1.20E-09
W-187 3.10E-09 3.60E-09
FQ-239 9.5T-10 1.lrE-09
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TABLE 1.9 i

!

Gaseous and D*-4a"1**a

Desien O'e'ee-ite Annual ;uantities

Desigs Objective

Dose Factor Annual C.uantity

Nuclide Crean (ren/Crie) (Curies)

H-3 Soft Tissue 1.12I-Oh 133,929
,

C-lh Soft Tissue 1.83I-02 820
-

Ar kl Air Dose (y) 3.532-03 2,830

Mn-5h GI- 2.hhE-01 61.5
t

Co-58 GI , 1.112-01 135-

'

Co-60 GI 5.82I-01 25.8

i Fe-59 GI 2.30E-01 65.2 |

Kr-85m ir Dos'e.(S) ,1.20E-03 16,600 '

Kr-85 Air Dose (S) 1.01I-03 19,800 ,

N-87 Air Dese (S) 7.80E-03 2,560

Kr-88 Air Dose (y) 5.88E-03 1,700

Sr-89 Bone 1.06E+01 1.h2
,

Sr-90 Bone 4.03E+02 0.037
r

'

I-131 Thycoid 9.h5E+00 1 59

I-133 Thyroid 1.60E-01 93.8
,

Xe-131= Air Dose (S) h.02I-Oh h9,700 .

!

Xe-133= Air Oose (S) 8.085-Oh 2h,800

Xe-133 Air tose (S) 2.822-Oh 70,900 i

Xe-135 Air Dose (S) 1.57I-03 12,800 i

Cs-13h Liter T.1 I+00 2.09 ;
|. . _ . ,

.
. , ,

Cs-137 Liver h.5 I+co 3.33

:-, .- x m - - . - - . ,a._ ;r.
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TtBLE 2.0
BIDACCU CLATICN FACTORS
(pCi/kg per pCi/ liter)

|FRESHAATER
ELEMENT FISH i

H 9.0E-01
C 4.6E 03 -

NA 1.0E 02 '

P 1.0E 05
CR 2.0E 02 i

M4 4.0E 02
FE 1.0E 02
G) 5.0E 01
NI 1.0E 02
QJ 5.0E 01
ZN 2.0E 03
ER 4.2E 02
R8 2.0E 03
SR 3.0E 01 t

Y 2.5E 01 i

2R 3.3E 00
PB 3.0E 04 *

MO 1.0E 01 i
TC 1.5E 01 !
RU 1.0E 01

1

RH 1.0E 01
'

-

TE 4.0E 02 -

I 1.FE 01
G 2.0E 03
BA 4.0E 00
LA 2.5E 01 ;

CE 1.0E 00 !

IR 2.5E 01
NO 2.5E 01 ;

W l.2E 03 '

PF 1.0E 01

D%~ :C'3- I
i' F
! i,,
g ,- a. ,.
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TABLE 2.1-

Page 1 of 2.

ADULT INGESTION DOSE FACTORS

(mrem /pCi ingested)

.

.

NUCLICE 8ONE LIVER T.ROGY THYR 010 KIDNEY LUNG GI-LLI

H 3 NO DATA 1.05E-07 1.C5E-07 1.c5E-07 I.05E-07 1*.05E-07 1.05E-07
C 14 2.84E-06 5.68E-07 5. 6 8 E-0 7 5.60E-07 5.68E-07 5.68E-07 5.68E-07
NA 24 I.70E-06 1.70F-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06

P 32 1.93C-04 1.20E-05 7. 4 6 E-0 6 NO DATA NC DATA NO DATA 2.17E-05
CR 51 NO DATA NO CATA 2.6cE-09 1.59E-09 5.86E-10 3.53C-09 6.69E-07
MN 54 NO DATA 4.57E-06 8.72E-07 NO DATA 1.36E-06 NO DATA 1.40E-05
______. _______..._________ ...____________.._______....- ________ ... ....

MN 56 NO DATA 1.15E-07 2. 04 E-0 8 NO DATA I.46E-07 NO DATA 3.67E-06
TE 55 2.75E-06 1.90E-06 4.4 J E-0 7 NO DATA NO DATA 1.06E-06 1.09E-06
FE 59 4.34E-06 1.02E-05 3.91E-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 4.72C-06 NO DATA NO DATA NO DATA 4.02E-05
NI 63 1.30E-04 9.01E-06 4.36E-06 NO DATA NO DATA NO DATA 1.88E-06

NI 65 3.28E-07 6.86E-08 3.13E-08 NO DATA NO DATA NO DATA 1.74E-06
CU 64 NO DATA *8.33E-08 3.91E-08 NO DATA 2.10E-07 NO DATA 7.10E-06
2N 65 4.84E-06 1.54E-05 6. 96 E-0 6 NO DATA 1 03E-05 NO DATA 9.70E-06
.....______...__..______.._____..______.. ____ . ..____ .__________________.

2N 69 1.0 3E-08 1.97E-08 1. 3 7 E-0 9 NO DATA 1.28E-08 NO DATA 2.96E-09
BR 83 NO DATA NO DATA 4. 02 E-0 8 NO DATA NO DATA NO DATA 5.79E-03
BR 84 NO DATA 90 DATA 5.2 t E-0 8 NO DATA NO DATA NO DATA 4.09F-13
.. __......_......._____ _..._____..._. ____________________________ .___.__

BR 85 NO DATA NO DATA 2.14 E -0 9 NO DATA NO DATA NO DATA LT E-24
RS 86 NO DATA 2.llE-05 9.83E-06 NO DATA NO DATA NO DATA 4.16E-06
R8 88 NO DATA 6.0$E-08 1.21E-08 NO DATA NO DATA NO DATA 8.36E-19
___ ________..__. ...........__....___ ______ _.._________ ._________. ... _
R8 89 NO DATA 4.01E-08 2.8?C-08*NO DATA NO DATA NO DATA 2.33C-21
1R 89 3.08E-04 NO DATA 8.84E-06 NO DATA NO DATA , NO DATA 4.94E-05
3R 90 7.58E-03 NO DATA 1. 3 6 E- 0 3 NO DATA' NO DATA NO DATA 2.19E-04

SR 91 5.67E-06 NO DATA 2.29E-07 NO CATA NO DATA NO DATA 2.70E-05 *
,

SR 92 2.15E-06 NO DATA 9.30E-08 NO DATA NO DATA NO DATA 4.26E-05
'

Y 90 9.62E-09 NO DATA 2. 5 8 E -10 NO DATA NO DATA NO DATA 1.02E-04
,

Y 9tM 9.09E-Il NO DATA 3.52E-12 NO DATA NO DATA NO DATA 2.67E-10
Y 91 1.41E-07 NO DATA 3.77E-09 NO DATA ND DATA NO DATA 7.76E-05
Y 92 8.45E-10 NO CATA 2.47E-Il NO DATA NO DATA NO DATA 1.48E-05

Y 93 2.68E-C9 NO DATA 7.40E-11 NO DATA NO DATA NO DATA- 8.50E-05
2R 95 3.04E-08 9.75E-09 6. 60 E-0 9 NO DATA 1.53E-08 NO DATA 3.09E-05
2R 97 1.68E.09 1.39E-10 1. 5 5 E-10 NO DATA 5.12E-10 NO DATA' l.05E-04: ..___.._______......__... ....... ____ ......____........._.._______ ......

I NS 95 6.22E-09 3.46E-09 1.86E-09 NO DATA 3.42E-09 NO DATA 2.10E-05MO 99'' NO DATA 4.31E-06 8. 2 0E-0 7 NO DATA 9.76E-06 NO DATA 9.99E-06
TC 99M' 2.47E-10 6.98!-10 8. d 9 E-0 9 NO DATA 1.06E-08 3.42E-10 4.13E-07
___.._.... ....__....__ ._______...._____ ..______..___.______...___________
ICIDI 2.54E-10 3.66E-10 3. 5 9 E -0 9 NO DATA 6.59E-09 1.87E-10 1.10E-21
4U103 1.85E-07 NO DATA 7.9FE-08 NO DATA T.06E-07 NO DATA 2.16E-OS
R0105 1.54E-08 Nu CATA 6.0SE-09 NO DATA 1.99E-07 NO DATA 9.420-06
__________________...__._______..._________.______...____ _________________
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TABLE 2.1 (COntinusd)

', Pag 2 2 of 2
.

s

,

NUCLIDE SONE LIVER T.BDov THYROIC KIDNEY LUNC GI-LLI
--.---- .. .--. - - - . . ,

. - - . - . - - - - . . - - -

RU106 2 75E-06 NO DATA 3. 4 8 E -0 7 NO DATA 5 31E-06 NO DATA 1.78E-04- . - - - - . . . - -

AG110M 1 60E-07 1.48E-07 8 79E-03 40 DATA 2 91E-07 NO DATA 6.04E-05

TE125M 2 68E-06 9.71E-07 3 59E-0 7 8.06E-07 1 09E-05 NO DATA 1.07E-05
i

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. 38E-0 8 8.15E-08 4.48E-07 NO DATA 8.68E-06

TE129M 1 15E-05 4.29E-06 1.,A 2 E-0 6 3.95E-06 4.80E-05 NO DATA 5.79E-05

TE129 3.14E-08 1.18E-08 7.63E-09 2.41E-08 1.32E-07 NO DATA 2.37E-08 ,

7E131M 1 73E-06 8.46E-07 7. 05 E-0 7 1.34E-06 8.57E-06 NO DATA 8.40E-05

TE131 1.97E-08 8.23E-09 6.22E-09 1 625-08 S.63E-08 NO DATA 2.79E-09

. - - - - . . . - - . - - - - - - . . . . - - - - . . . - - . . . . . - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - -
i TE132 2.52E-06 1.63E-06 1. 5 3 E-0 6 1.80E-06 1.57E-05 NO DATA 7.71E-05

1 130 '7.56E-07 2.23E-06 8.40E-07 1.89E-04 3.48E-06 NO DATA 1.92E-06.

1 131 4.16E-06 5.95E-06 3. 41 E-0 6 1 95E-03 1.02E-05 NO DATA 1.57E-06

1 132 2.03E-07 5.43E-07 1.90E-07 1.90E-05 8.65E-07 NO DATA 1.02E-07 '

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

1 134 1.06E-07 2.88E-07 1.03E-07 4.99E-06 4.58E-07 NO DATA 2.51E-10
'

| t 135 4.43E-07 1.16E-06 4.2SE-07 7.65E-05 1.86E-06 NO DATA 1.31E-06

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 1.85E-05 NO DATA 1.43E-05 1.96E-06 2.92E-06

. - - . - . - . - - - - - - - - - . . . . - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - . - - - - - - . - - - - - - - - - - . - -
C5137 7.97E-05 1.09E-04 7.14E-05 NO DATA 3.70E-05 1.23E-05 2.!!E-06

C5138 5.52E-08 1.09E-07 5. 40 E-0 8 No DATA 6.01E-08 7.91E-09 4.65E-13 '

BA139 9.70E-08 6.912-11 2.84E-09 NO DATA 6.46E-11 3.92E-11 1 72E-07
------,-a.=-- _

.,

SA140 2.03E-05 2.55E-08 1.33E-06 40 DATA 8.67E609 1.46E-08 4.18E-05

RA141 4 . 71 E-0 8 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 3.0DE-26

L A140 2.50E-09 1.26E-09 3.3JE-10 NU D AT A * NO DATA NO DATA 9.25E-05

LA142 1.28E-10 5.82t-11 1.45E-11 NO DATA NO DATA NO DATA 4.25E-07

CE141 9.36E-09 6.33E-09 7.18E-10 NO DATA 2.94E-09 ,NO DATA 2.42E-05

CE143 1.65E-09 1.22E-06 1.35E-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

PA143 9.20E-09 3.69E-09 4.56E-10 NO DATA 2.13E-09 NO DATA 4.03E-05
*

- - - . - - - . . - - - - - . . . . . - . . . . . . . . - - . . - - - - . . . . . . - - _ . - - _ - - . - - _ - - - . - - - - - - - - - . . - - -
PR144 3.0!E-11 1.25E-11 1.53E-12 NO DATA 7.05E-12 NO DATA 4.33E-18

{
ND147 6.29E-09 7.27E-09 4. 3 5 E-10 NO DATA 4.25E-09 NO DATA 3.49E-05

k 197 J.03E-07 8.61E-08 3.01 E-0 8 NO DATA NO DATA NO DATA 2.82E-05

$P239 1.1?E-09 1.17E-10 4.45E-11 NO DATA 3.65E-10 NO DATA 2.40E-05
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2.2TABLE

'

Lio_uid Iffluer.t
Desien Ob*ective .U:r. uni 0uentities

'
,

Design Objective-

Dose Facter Annual quantity

Nuclide crean (nRem/Cu-ie) (Cu-ice) [
_

r

H-3 Tot Body 1.315-06 2.29E+C6 |

Cr-51 GI 1.49E-03 6,730 |
,

Mn-sh GI 6.22E-02 161

Fe-55 GI 1.21E-02 827 i

Fe-59 GI 3 77E-02 265

Co-58 GI 8.38E-03 1,190
:

Co-60 To't Ecdy h.50E.01 6.67

Rb-86 Tot Body 2.282-01 13.2

sr-89 2cne 1.0TE-02 935

Sr-90 Bone 1.6hE-01 61.0
'

P.o-99 GI 1.11E-03 9,020
,

Te-99s GI 6.88E'-05 145,000

Te-127a GI 1.01E-01 99 2

Tc-127 GI 2185'E-02 259

Te-129s GI' 2 57E-01 38.9

Te-131: GI 3.73E-Q1 26.8

Te-132 GI 3.h2E-01 29 2 j
'

I-130 Thyroid 5 28E-02 190-

, I-131 Thyroid 3 24E-01 30 9 ;

I-132 Thyroid 1.32E-02 755 t

I-133 Thyroid h.05E-02 254
i

I-135 Thyroid 2.83E-02 353

Cs-13b Tot Body 2.83E+00 1.06-

Cs-136 Tot Ecdy 3 9hE-01 7.61 ;

C:;-137 Tot Body 1.67E+00 1.80

Br.-1!:0 GI 1.86E-03 5,390

i T.a-11.0 GI 2 5:iE-02'
- . 390

::r-239 GI 2.66c-0- %750
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