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PURPOSE AND SCOPE

The OFF-SITE DOSE CALCULATION MANUAL (ODCM) describes the methodology and
parameters used in the calculation of offsite doses resulting from radicactive gaseous and liquid
effluents, in the calculation of gaseous and liquid effluent monitoring Alarmy/Trip Setpoints, and in
the conduct of the Radiological Environmental Monitoring Program. The ODCM also contains the
Radioacuve Effluent Controls and Radiological Environmental Monitoring Program required by
Technical Specification 6.8.4, and descriptions of the information that should be included in the
Annual Radiological Environmental Operating and Annual Radioactive Effluent Release Reports
required by Technical Specifications 6.9.1.6 and 6.9.1.7.

Compliance with Radiological EMluent Controls limits demonstrates compliance with the limits of
10 CFR 20.1301. (Ref. 11.1.1, 11.2.1, 11.23.3) (CTSN 4121)
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LIQUID EFFLUENTS
LIQUID EFFLUENT MONITORS

Gross radicacuvity monitors which provide for automatic termination of liquid efMuent releases are
present on the liquid effluent lines. Flow rate measurement devices are present on the liquid efluent
lines and the discharge line (cooling tower blowdown). Setpoints, precautions, and limitations
applicabie to the operation of the Callaway Plant liquid effluent monitors are provided in the
appropriate Plant Procedures. Setpoint values are calculated to assure that alarm and tnp acuons
occur prior to exceeding the Effluent Concentration Values (ECV) himits in 10 CFR Pant 20 at the
release point to the UNRESTRICTED AREA. The calculated alarm and trip acuon setpoints for the
liquid effluent line monitors and flow measuring devices must satisfy the following equation.

g sC (2.1)
F+f
Where:
C = The liquid effluent concentration value (ECV) implementing REC ».3.! 1 for the site in

(uCv/ml).

¢ = The setpoint, in (uCi/ml), of the radicactivity monitor measuring the radioactivity
concentration in the effluent line prior to dilution and subsequent release; the setpoint,
which is inversely related to the volumetric flow of the effluent line and directly related
to the volumetric flow of the dilution stream plus the effluent stez m, represents a value,
which, if exceeded, would result i concentrations exceeding the values of 10 CFR Pan
20 Appendix B, Table II, Column 2, in the UNRESTRICTED AREA

f =  The flow setpoint as measured at the radiation monitor location, in volume per wsit
time, but in the same units as F, below.

F = The dilution water flow rate setpoint as measured prior 1o the release point, in volume
per unit ume. {If (F) is large compared to (f), then F + f = F}.

{Ref 118.1)
If no dilution is provided, then ¢ < C.

The radiocactive liquid waste stream is diluted by the plant discharge line prior to entry into the
Missouri River. Normally, the dilution flow is obtained from the cooling tower blowdown, but
should this become unavailable, the plant water treatment facility supplics the necessary dilution
flow via a bypass line. The limiting concentration which corresponds to the liquid radwaste effluent
monitor setpoint is to be calculated using methodology from the expression above

Thus, the expression for determining the setpoint of the liquid radwaste effluent line monitor
becomes

C(F + f)

$ et |
f

The alarm/tnp setpoint calculations are based on the minimum dilution flow rate (corresponding to
the dilution flow rate setpoint), the maximum cfMluent stream flow rate, and the actual isotopic
analysis. Due to the possibility of a simultaneous release from more than one release pathway, a
poruon of the total site release limit 1s allocated to each pathway The determinaton and usage of the
allocation factor is discussed in Secuon 2.2 In the event the alarmvinip setpoint 1s reached. an

evaluation will be performed using actual dilution and efTfluent flow values and actual 1sotopic
analysis to ensurz that REC 9.3 1.1 limits were not exceeded

uCi/ml) (2.2)
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211 Continuous Liquid Effluent Monitors
The radiation detection monitor associated with continuous liquid effluent releases is (Ref 116 1,
11.6.2):
Monitor LD, Descripuon
BM-RE-52 Steam Generator Blowdown Discharge
Monitor

The Stearn Generator Blowdown discharge is not considered to be radioactive unless radioacuvity
has been detected by the associated effluent radiation monitor or by laboratory analysis. The
sampling frequency, minimum analysis frequency, and type of analysis performed are as per Table

9.3-A.
212 Radioactive Liquid Batch Release Effluent Monitors
The radiation monitor which is associated with the liquid effluent batch release system is (Ref
11.6.4).
Monitor LT Deacrinti
HB-RE-18 Liquid Radwaste Discharge Monitor

This effluent stream is normally considered to be radioactive. The sampling frequency, minumum
analysis frequency, and the type of analysis performed are as per Table 9.3-A

22 CALCULATION OF LIQUID EFFLUENT MONTTOR SETPOINTS

The dependence of the setpoint (c), on the radionuciide distribution, yields, calibration, and monitor
parameters, requires that several vanables be considered in setpoint calculations. (Ref 11.8.1)

2.2.1 Calculation of the ECV Sum

Tue isotopic concentration of the release(s) being considered must be determined. This is obtained
from the analyses required per Table 9.3-A, and is used to calculate an ECV sum (ECVSUM).

gcvsum = (X (c,)/(ecv,))
i= g a, 8 t I

S

(2.3)

s = the concentration of each measured gamma enutting nuclide observed by
gamma-ray spectroscopy of the waste sample

Ca = the measured concentration of alpha emitting nuclides measured by gross
alpha analysis of the monthly composite sample.

Cy = the measured concentrations of Sr-89 and Sr-90 as determined by analysis
of the quarterly compasite sample

C; = the measured concentration of H-3 in the waste sample

the measured concentration of Fe-55 as determined by analysis of the
quarterly composite sample

L0

ECV,, ECVg, ECV, ECVy, ECV| = are the limiting concentrations of the appropnate radionuclides
fmm%“ CFR 20, Appendix B, Table II, Column 2. For dissolved or entrained noble gases, the
concentration shall be limited to 2x 104 wCrml total activity

Values {ur these concentrations are based on previous composite sample analyses as required by Table 9 3-A
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For the case ECVSUM <1, the monitor tank effluent concentration meets the limits of REC 93.1 1

without dilution and the effluent may be released at any desired flow rate. f ECVSUM > | then

dilution is required to ensire compliance with REC 9.3.1.1 concentration hmits. If simultaneous |
releases are occurring or are anticipated, an allocation fraction, N, must be applied so that available

dilution flow may be apportioned among simultaneous discharge pathways. The value of N may be

any value between 0 and | for a particular discharge point, provided that the sum total aliocation

fractions for all discharge points must be <1.

Calculation of the M Permissible Liguid E Di
The maximum permissible liquid effluent discharge flowrate is calculated by
fMS(F*fP)(SF)('N)MECVSUM) {2.4)

Where:
fmax = maximum permissible liquid effluent discharge flowrate, in
(gallons/minute),
lp = the expected undiluted liquid effluent flowrate, in gpm.
N = the allocation fraction which apportions dilution flow among
simultaneous discharge pathways (see discussion above)
SF = the safety factor, an administrative factor used to compensate for

staustical fluctuations and errors of measurements. This factor aiso
provides a margin of safety in the calculation of the maximum
liquid effluent discharge flowrate (f;;,5,). The value of SF should
be<l

F & ECVSUM, are previously defined.

The dilution water supply is furnished with a flow monitor which isolates the hiquid effiuent
discharge if the dilution flow rate falls below its setpoint value

In the event that fp;,,, is less than f,, then the value of fmax 1s substituted into the equation for fp,
and a new value of {5, is calculated. This substitution is performed for three iterations in order (o
calculate the correct value of fi,,,.

Calculation Of Liquid EMuent Monitor Setpoint

The liquid eflluent monitors are Nal(T1) based systems and respond primanly to gamma radiauon
Accordingly, their setpoint is based on the total concentration of gamma emitung nuclhides in the
effluent

c=BKG*(Z(Cg)+SF)'pCUmI 2.5)
Where
¢ = the monitor sctpoint as previously defined, in (uCi/ml),
BKG = the monitor background prior to discharge, in (uCv/ml},

Cg and SF arc as previously defined

The monitor's background is controlled at an appropriate limit to ensurc adequate sensitivity
Utilizing the methodology of ANSIN13.10-1974 (Ref 11.21), the background must be maintained
at a value of less than or equal to 2 23E<6 uCV/ml (relative to Cs-137) in order to detect a change of
1E-7 uCv/ml of [-134 (the most restrictive nuchide in Table 1 of reference 11.21)

In the event that there 1s no detectable gamma activity in the effluent or if the valuge of (SLCg) + SF)
15 less than the background of the monitor, then the monitor setpoint will be set at twice the current
background of the monitor
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As previously stated, the monitor's response is dependent on the gamma enutung radionuchde
distribution of the efMuent. Accordingly, a new database conversion factor is calculaied for each
release based upon the results of the gamma spectrometnc analysis of the effluent sample and the
measured response of the monitor to National Institute of Standards and Technology (NIST)
traceable calibration sources:

pBcF. = (2[c,)) + (CMR) x (ECF) 2.6)
DBCF, = the monitor data base conversion factor which converts count rate into
concentration (pCi/ml),
CMR = the calculated response of the radiation monitor (o the liquid effluent,
ECF = the conversion factor for Cs-137, which converts count rate into
concentration (wCi/ml)
C‘ is as previously defined.

The new value of the DBCF_ is calculated and entered into the monitor data base prior to each
discharge A more complete discussion of the denvation and calculation of the CMR 1s given in
reference 11.14.7.

LIQUID EFFLUENT CONCENTRATION MEASUREMENTS

Liquid batch releases are discharged as a discrete volumne and each release is authorized based upon
the sample analysis and the dilution flow rate existing in the discharge line at the ume of release To
assure representative sampling, each liquid monitor tank is isolated and thoroughly mixed by
recirculation of tank contents prior te sample collection. The methods for mixing, sampling, and
analyzing each batch are outlined in applicable plant procedures. The allowable release rate fimit is
calculated for each batch based upon the pre-release analysis, dilution flow-rate, and other
procedural conditions, prior to authorization for release. The liquid effluent discharge i1s monutored
prior to entering the dil:tion discharge line and will automatically be terminated if the pre-selecied
alarmvtnip setpoint is exceeded. Concentrations are determined primanly from the gamma isotopic
and H-3 analyses of the liquid batch sample. For gross alpha, Sr-89, Sr-90, & Fe-55, the measured
concentration from the previous composite analysis is used. Composite samples are collected for each
batch release. Monthly analysis for gross alpha and quarterly analyses for Sr-89, Sr-90. and Fe-55
are performed in accordance with Table 9.3-A. Doses from liquids discharged as continuous releases
are calculated by utilizing the last measured values of samples requiied in accordance with

Table 9.3-A .

DOSE DUE TO LIQUID EFFLUENTS
The Maximum Exposed Individual

The cumulative dose determination considers the dose contributions from the maximum exposed
individual's consumption of fish and potable water, as appropriate. Normally, the adult 15 considered
to be the maximum exposed individual. (Ref 11.8.3)

The Callaway Plant's hiquid effluents are discharged to the Missouri River. As there are no potable
water intakes within SO miles of the discharge point (Ref 11.7.1, 11.6 6), this pathway does not
require routine ¢valuauon Therefore, the dose contnbution from fish consumption 1s expected to
account for more than 95% of the total man-rem dose from discharges to the Missoun River. Dose
from recreational actvities 1s expected to contnbute the additional 5%, which is considered to be
negligibic. (Ref 116.7)
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Calculation Of Dose From Liquid EAM

The dose contributions for the total iime period.
m
ZMI
=1

are calculated at least once each 31 days and a cumulative summation of the total body and
individual organ doses is maintained for each calendar quaner Dose is calculated for all
radionuclides identified in liquid effluents released to UNRESTRICTED AREAS using the following

expression (Ref. 11.8.3);

D, = Z[A., f: M F,] 2.12)

| =1

Where:
Dy =  the cumulative dose commitment to the total body or any organ, t, from
the liquid effluents for the total penod
m
28,
=1
in mrem

at, = the length of the £ th time period over which C;, and F, are averaged
for all liquid releases, in hours. At, corresponds to the actual duration of
the release(s).

C;, = theaverage measured concentrauon of radionuclide, i, in undiluted liquid
effluent during time period At, from any liquid release, in (uCvml).

Ajr =  thesite related ingestion dose commitment factor to the total body or any
organ t for each identified principal gamma and beta emutter listed in
Table 9.3-A, (in mrem/hr) per (WCi/ml). The calculation of the A,
values is detailed in Ref 11,145 and are given in Table 2!

F, = the near ficld average dilution factor for C;, during any hiquid effluent
release:
f
F, = e
(F+1,,)8977
Where
fmax =  maxumum undiluted efMuent flow rate during the release
r = average dilution flow
8977 =  site specific applicable factor for the muxing effect of the discharge

structure. (Ref 11.5.1)

The term C;, 1s the undiluted concentration of radioactive matenal in liquid waste at the common

relcasc point determined in accordance with REC 9.3 1 1, Table 9 3-A, "Radioacuve Liquid Waste
Sampling and Analysis Program”. All dilution factors beyond the sample point(s) are included in the
F, term

-
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The nearest municipal potable water intake downstream from the liquid effluent discharge point into
the Missoun River is located near the city of St. Louis, Missoun, approximately 78 miles
downstream. As there are currently no potable water intakes within 50 river miles of the discharge
point, the drinking water pathway is not included in dose estimates to the maximally exposed
individual, or in dose estimates to the population. Should future potable water intakes be constructed
within 10 nver miles downstream of the discharge point, then this manual will be revised to include
this pathway in dose estimates. (Ref 11.6.6).

S ralculation Of Dose Due To Liquid EAM
The dose contribution for the total time period

m

2.0,

=1
is determined by calculation at least once per 31 days and a cumulative summation of the total body
and organ doses is maintained for each calendar quarter. The projected dose contribution from liquid
efMuents for which radionuclide concentrations are determined by periodic composite and grab
sample analysis, may be approximated by using the last measured value. Dose contributions are
determined for all radionuclides identified in liquid cluents released to UNRESTRICTED AREAS
Nuclides which are not detected in the analyses are reported as "less than" the nuclide’'s Minimum
Detectable Activity (MDA) and are not reported as being present at the Lower Level of Datection
(LLD) level for that nuclide. The “less than" values are not used in the dose calculations

LIQUID RADWASTE TREATMENT SYSTEM

The LIQUID RADWASTE TREATMENT SYSTEM is capable of varying treaument, depending on
waste type and product desired. It is capable of concentrating, gas stripping, and disullauon of liquid
wastes through the use of the evaporator system. The demineralization system is capable of removing
radioactive ions from solutions to be reused as makeup water. Filtration is performed on cenain
liquid wastes and it may, in some cases, be the only required treatment prior to release. The system
has the ability to absorb halides through the use of charcoal filters prior to their release

The design and operation requirements of the LIQUID RADWASTE TREATMENT SYSTEM
provide assurance that releases of radioactive materials in liquid effluents will be kept "As Low As
Reasonably Achievable™ (ALARA).

The OPERABILITY of the LIQUID RADWASTE TREATMENT SYSTEM ensures this system will
be available for use when liquids require treatment prior to their release to the environment
OPERABILITY is demonstrated through compliance with REC 93.1.1. and 94 1.1

Projected doses due to liquid releases to UNRESTRICTED AP EAS are determuned each 31 days by
dividing the cumulative annual tetal by the number of elapsed months

DOSE FACTORS
The dose conversion factors provided in Table 2.1 were denived from the appropriate dose conversion
factors of Regulatory Guide 1 109 and other sources as necessary (Ref 11.14.5and 1] 14.12)

Non-gamma emutung nuclides not listed in Table 9.3-A are not considered



Cr-51
Mn-54
Mn-56
Fe-55
Fe-59

Co-57
Co-58
Co-60

Ni-65

Cu-64
Zn-65
Zn69
Br-82
Br-83

Br-84
Br-83
Rb-86
Rb-88
Rb-89

Sr-89
Sr-90
Sr-91
Sr-92
Y-90
Y-9IM
Y-91
Y-92
Y-93
21-95

Z1-97
Nb-95
Mo-99
Tc-99M
Te-101

TABLE 2.1

APA-ZZ-01003
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INGESTION DOSE COMMITMENT FACTOR (A;,) FOR ADULT AGE GROUP

Bone

No Data |

1.30E-02
4.07E+02

No Data
No Data
No Data
6.5TE+02
1.04E+03

No Data -

No Data
No Data

1.26E+02

No Data
2.32E+04
4.93E+01
No Data
No Data

No Data
No Data
No Data
No Data
No Data

2.21E+04
5 44E+05
4. 07E+02
1.54E+02
$.75E-01
S 44E-03
8 43E+00
5 0SE-02
1 60E01
2 40E0]

1 33E02
4 47E+02
No Data

8 R7TE-03
9 11EU3

Liver

2.98E-02
4.07E+02

No Data

4 38E+03
1.10E+02
4.54E+02
2 44E+03

2.09E+01
8 94E+01
2.5TE+02

1.64E+01]

1.00E+01
7.38E+04
9 44E+01
No Data
No Data

No Data
No Data
1 01E+0S
2 90E+02
1.92E+02

No Data
No Data
No Data
No Data
No Data
No Data
No Data
No Data
No Data
7.70E02

2. 68E03
2 48E+02
1 O3E+02
2 51E02
1 31E-02

R

2.26E01

(mrem/hr) per (wCv/ml)

Total

1.45E-02
4.07E+02

1.27E+00
8.35E+02
1.95E+01
1.06E+02
9.34E+02

3 48E+0]
2.00E+02
5.66E+02

7.48E+00

4.69E+00
3.33E+04
6.56E+00
2.27E+03
4. 04E+01

5.26E+01
2.15E+00
4 T1IE+04
1.54E+02
1.35E+02

6.35E+02
1.34E+05
1 64E+01
6 68E+00
1. S4E-02
2 10E-04
225E401
1 48E-03
4 2E-03
$21E02

1 22E-03
1. 34E+02
1 96E+O!
J1I9E0]
1 29E0!

226E01

Thyroid

2 26E-01

No Data
4 07E+02

7.62E-01
No Data
No Data
No Data
No Data

No Data
No Data
No Data

No Data

No Data
No Data
No Data
No Data
No Data

No Data
No Data
No Data
No Data
No Data

No Data
No Data
No Data
No Data
No Data
No Data
No Data
No Data
No Data
No Data

No Data
No Data
No Data
No Data
No Data

"2.26E01

Kadney

3.15E-02
4.07E+02

281E01
1.30E+03
1. 40E+02
No Data
No Data

No Data
No Data
No Data

No Data

2.52E+01
4 93E+04
6.13E+01
No Data
No Data

No Data
No Data
No Data
No Data
No Data

No Data
No Data
No Data
No Data
No Data
No Data
No Data
No Data
No Data
1 21E01

4 U4E-03
2 46E+02
233E+02
J8IEOI
2 36E0!

2.26E-01
No Data

4.07E+02

1.69E+00
No Data
No Data
2.53E+02
6.81E+02

No Data
No Data
No Data

No Data

No Data
No Data
No Data
No Data
No Data

No Data
No Data
No Data
No Data
No Data

No Data
No Data
No Data
No Data
No Data
No Data
No Data
No Data
No Data
No Data

No Data
No Data
No Dukd
1.23E<02
6 TOE-03

5

GI-LLI

2.26E-01
5.16E+00

4.07E+02

3.20E+02
1 34E+04
3.52E+03
261E+02
8 13E+03

5.31E+02
1. 81E+03
4 82E+03

4 16E+02

8 52E+02
4 65E+04
1 42E+01
2 60E+03
SBIE+CI

4 13E-04
0
1 9YE+04
4 00E-09
0

3. S5E+03
1 S7TE+04
1 94E+03
3 O6E+03
6 10E+03
1 60E-02
4 64E+03
8 85E+02
S 0BE+03
2 44E+02

8 30E~02
| SIE+U6
2 39E+02
| 48E (1
U



Nuclide

Ru-103
Ru-105
Ru-106
Cd-109
Su-113

Sb-124
Sb-125
Te-127m
Te-127
Te-129M

Te-129
Te-131M
Te-131
Te-132
1130

1-131
1-132
[-133
I-134
I-135
Cs-134
Cs-136
Cs-137
Cs-138
Ba-139

Ba-140
Ba-141
Ba-142
La-140
La-142

Ce-141
Ce-143
Ce-144
Pr-143

Nd-147

Eu-154
Hi-181
W87
Np-239

TABLE 2.1 (Cont'd)

APA-2Z-01003

Rev

INGESTION DOSE COMMITMENT FACTOR (A;,) FOR ADULT AGE GROUP

Bone

4 42E+00
3.68E0]
6.57TE+01
No Data
5.66E+04

6.69E+00
4 28E+00
6 47E+03
1.0SE+02
1. 10E+04

3.01E+0]
1.66E+03
1. 89E+01
241E+03
2.71E+01

1.49E+02
7.29E+00
5.10E+01
3 BIE+00
1 59E+01
2 98E+0S
3 12E+04
J 82E+0S
2.64E+02
9.29E0!

1 94E+02
4 S0E-01
204E01
I SOE-O!
7 65E-03

224E-02
3 94E03
1 17E+00
S SOE-OI
3 76E01

3 6TE+O]
3 99E02
2 96E+02
2 84E2

Liver

No Data
No Data
No Data
5.54E+02
1.61E+03

1.26E-01
4 78E02
2.32E+03
3.78E+01
4. 11E+03

1L13E+01
8. 09E+02
7.88E+00
1.56E+03
8 01E+0!]

2.14E+02
1.95E+01
8 87E+01
1.03E+01
4. 16E+0]
7.09E+0S
1.23E+05
5.22E+05
$.22E+02
6.62E-04

244E01
3 40E-D4
2 09E-04
7.53E02
3 48E03

1 SIE-02
2 92E+00
4 88E0]
221E401
4 35E-0]

4 S2E+00
| S4E-01]
247E+02
2 30E-03

(mremvhr) per (WC/ml)

1.90E+00
1.45E01

8.32E+00
1.94E+01
3.26E+03

2.65E+00
1.02E+00
7.90E+02
2.28E+01
1.74E+03

7.33E+00
6.75E+02
$.96E+00
1.47E+03
3.16E+0]

1.22E+02
6 82E+00
2.70E+01
3.70E+00
1.54E+01
5 80E+0S
8 B6E+04
JA42E+05
2.59E+02
2.72E-02

1.27E+01
1.52E-02
1.28E-02
1.99E-02
8 66E-04

1. 72E03
3 23E04
6 26E-02
2. 73E02
2 6OE02

321IE+00
| 8OE-02
B G4E+O]
1. 54E-03

9.18E+02

1.62E-02
4.35E-03
1.66E+03
7.80E+01
3.78E+03

2.31E+01
1.28E+03
1.55E+01
1.72E+03
6.79E+03

7.00E+04
6.82E+02
1.30E+04
1.79E+02
2.75E+03
No Data
No Data
No Data
No Data
No Data

No Data
No Data
No Data
No Data
No Data

No Data
No Data
No Data
No Data
No Data

No Data
No Data
No Data
No Data

9.

1.69E+01
4. 76E+00
1.27E+02
5.31E+02
No Data

No Data
No Data
2.63E+04
4,29E+02
4 60E+04

1.26E+02
8.21E+03
8.2SE+01
1.50E+04
1.2SE+02

3.66E+02
3. 1E+O]
1.55E+02
1.64E+01
6.68E+01
2.29E+05
6 8SE+04
1.77E4+05
3 84E+02
6.19E-04

8 31E-02
3 16E-04
1.77E-04
No Data
No Data

703E03
1 28E-03
2 89ED1
1 27E01
2 S4EQ|

2 16E+01|
4 17TED2
No Data
8 72E-03

No Data
No Data
No Data
No Data
No Data

5.21E+00
3.30E+00
No Data
No Data
No Data

No Data
No Data
No Data
No Data
No Data

No Data
Ne Data
No Data
No Data
No Data
7.62E+04
9 39E+03
5. 89E+04
3.79E+01
3.76E-04

1 40E-01
1.93E-04
1.19E-04
No Data
No Data

No Data
No Data
No Data
No Datwa
No Data

No Data
No Data
No Data
No Data

5

GI-LLI

5.17E+02
2.25E+02
4.25E+03
5.59E+03
1.69E+05

1.90E+02
471E+01
2.174E+04
8.30E+03
5 54E+04

2.27E+01
8 03E+04
2 67TE+00
7.38E+04
6.89E+01

5.64E+0]
3.66E+00
7.97E+01
9.01E-03
4 70E+0)
1.24E+04
| 40E+04
1 OJE+O4
223E03
1.65E+00

4. 00E+02
2.12E-10
0

5.53E+03
2.54E+0]

5 78E+01
1 09E+02
3 94E+Q2
241E+03
2 09E+03

3.27E+03
2.21E+02
8 09E+04
5.74E+02



TABLE 2.2
BIOACCUMULATION FACTOR (Bf:)

(pCi/k:g) per (pCi/liter)

Bf,
Element Eish (Freshwater)

H S0E-01l
Be 20E+00
Na 1OE + 02
Cr 20E+02
40E+02
Fe 10E +02
Co SOE + 01
Ni 1.OE + 02
Cu SOE+0]
20E+03
Br 42E+02
Rb 0.E+03
S J0E+0]
25E+0l
JIE+00
3I0E + 04
10E+0l
1.5E + 01l
1.0E + 0l
1L.OE + 01
20E+02
JOE+03
I1OE+00
40E +02
SE +0]
OF 03
.+ 00
SE
OE -
SE
E'.

3 B2 B R0 e N B ) e
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GASEOUS EFFLUENTS

GASEOUS EFFLUENT MONTTORS

Noble gas activity monitors are present on the containment building ventilauon system, plant unit
ventilation system, and radwaste building ventilation system.

The alarnvtrip (alarm & trip) setpoint for any gzseous effluent radiauon monitor is determined based
on the instantaneous noble gas toial body and skin dose rate limits of REC 9.6 1 1, at the SITE
BOUNDARY location with the highest annual average X/Q value.

Each monitor channel is provided with a two level system which provides sequential alarms on
increasing radioactivity levels. These setpoints are designated as alert setpoints and alarm/trip
setpoints. (Ref. 11.6.3)

The radiation monilor alarm/tnp setpoints for each reicase point are based on the radiocacuve noble
gases in gaseous effluents. It is not considered practicable to apply instantaneous alanm/tnip setpoints
1o integrating radiation monitors sensitive to radioiodines, radioactive matenals in paruculate form
and radionuclides other than noble gases. Conservative assumptions may be necessary in establishing
setpoints to account for system variables, such as the measurement system efficiency and detection
capabilities during normal, anticipated, and unusual operating conditions, the vanability in refease
flow and principal radionuclides, and the time lag between alarm/trip action and the final isolation
of the radioactive effluent. (Ref 11.8.5) Table 9.2-B provides the instrument surveillance
requirements, such as calibration, source checking, functional tesung, and channel checking

nti en

The radiation detection monitors associated with continuous gaseous effluent releases are (Ref
1168, 11.6.9):

onitor 1.D. Description
GT-RE-21 Unit Vent
GH-RE-10 Radwaste Building Vent

Each of the above continuously monitors gaseous radioactivity concentrations downstream of the last
point of potential influent, and therefore measures effluents and not inplant concentrations

The unit vent monitor continuously monitors the effluent from the unit vent for gaseous
radioactivity. The unit vent, via ventilation exhaust systems, continuously purges vanous tanks and
sumps normally containing low-level radioactive aerated liquids that can potenually generate
airborne activity. The exhaust systems which supply air to the unit vent are from the fuel building,
awxiliary building, the access control arca, the containment purge, and the condenser air discharge

The unit vent monitor provides alarm functions only, and does not terminate releases from the unit
vent

The Radwaste Building ventilation effluent monitor continuously monitors for gascous radioacuviny
in the efMuent duct downstream of the exhaust filter and fans. The flow path provides venulation
exhaust for all parts of the building structure and components within the butlding and provides a
discharge path for the waste gas decay tank release line. These components represent potenual
sources for the release of gaseous and air particulate and iodine activiues in addition (o the drainage
sumps, tanks, and cquipment purged by the waste processing system

This momitor will isolate the waste gas decay tank discharge line upon a hugh gascous radioactivity
alarm

i
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The continuous gaseous effluent monitor setpoints are established using the methodology described
in Section 3.2. Since there are two continuous gaseous effluent release points, a fractuon of the total
dose rate limit (DRL) will be allocated to each release point. Neglecting the batch releases, the plant
Unit Vent monitor has been allocated 0.7 DRL and the Radwaste Building Vent monitor has been
allocated 0.3 DRL. These allocation factors may be changed as required to support plant operational
needs, but shall not be allowed to exceed unity (i.¢., 1.0). Therefore, a particular monitor reaching
the setpoint would not necessarily mean the dose rate limit at the SITE BOUNDARY s being
exceeded, the alarm only indicates that the specific release point is contributing a greater fraction of
the dose rate limit than was allocated to the associated monitor, and will necessitate an evaluauon of
both systems.

Batch Release Gaseous Monitors
The radiation monitors associated with batch release gaseous effluents are (Ref. 11.6.9, 11.6.10,
11.6.11).

Monitor 1D Dagaisgios
GT-RE-22 Containment Purge System
GT-RE-33

GT-RE-10 Radwaste Building Vent

The Containment Purge System continuously monitors the containment purge exhaust duct dunng
purge operations for gaseous radioactivity. The primary purpose of these monitors is o isplate the
containment purge system on high gaseous activity via the ESFAS.

The sample points are located outside the containment between the containment isolation dampers
and the containment purge filter adsorber unit.

The Radwaste Building Vent monitor was previously described.

A pre-release isotopic analysis is performed for each batch release to determune the idenuty and
quantity of the principal radionuclides. The alarm/trip setpoini(s) is adjusted accordingly to ensure
that the limits of REC 9.6.1.1 are not exceeded.

GASEQUS EFFLUENT MONITOR SETPOINTS

The alarm/trip setpoint for gaseous effluent monitors is determined based on the lesser of the total
body dose rate (equation 3.1) and skin dose rate (equation 3.3), as calculated for the SITE
BOUNDARY '

During core alterations, the setpoint for the Containment Purge Monitors, GT-RE-22 and GT-RE-33
is set at a value of less than or equal to SE-3 uCi/ce, as required by Technical Specificauon 4.9 4 2
The actual setpoint value will be reduced according to the Instrument Loop Uncertainty Estimaie
(ILUE). This value will also be utilized in the event that there is no detectable noble gas acuvity in
the containment atmosphere sample analyzed in accordance with REC 9.6.1.1 The full denvauon
of th.s value is discussed in reference 11.14.6
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te Setpoin

To ensure that the limits of REC 9.6.1.1 are met, the alarm/trip setpoint based on the total body dose
rate 1s calculated according to:

Where

Where:

|

>
o

K

Q

S, < D R,EF, a.1)

the alarmy/trip setpoint based on the total body dose rate (uCv/ce)

REC 9.6.1.1 limit of 500 mrem/yr, conservatively interpreted as a continuous release
over a one year period.

the safety factor, a conservative factor used to compensate for statistical fluctuatons and
errors of measurement. (For example, Fg = 0.5 corresponds to a 100% vanation )
Default value is Fg = 1.0,

the allocation factor which will modify the required dilution factor such that
simnultaneous gaseous relcases may be made without exceeding the limits of REC 961 1
The default value is 1/n, where n is the number of pathways planned for release.

factor used to convert dose raie to the effluent concentration as measured by the effluent
moniior, in (uCi/cc) per (mrem/yr) to the total body, determined according to

ne [T o

(3.2)

monitor reading of a noble gas monitor corresponding to the sample radionuclide
concentrations for the batch to be released. Concentrations are determined in
accordance with Table 9.6-A. The mixture of radionuclides determined via grab
sampling of the effluent stream or source is correlated to a calibraton factor to
determine monitor response. The monitor response is based on concentrations, not
release rate, and is in units of (uCi/ce).

the highest calculated annual average rolative concentration for any area at or beyond
the SITE BOUNDARY in (sec/m°). Refer to Tables 6 1,6 2 and 6 4

the total body dose factor éuc to gamma emissions for each identified noble gas
radionuclide, in (mrem/yt) per (0C/m3). (Table 3.1)

rate of release of noble gas radionuclide, i, in (uCi/sec)

Q, is calculated as the product of the ventilation path flow rate and the measured activity of the
efTluent stream as determined by grab sampling.
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Skin Dose Rate Sctpoint Calculation
To ensure that the limits of REC 9.6.1 1 are met, the alanm/trip setpoint based on the skin dose rate
is calculated according to:
S, < DR/FF, (3.3)
Where:
Fg and F, are as previously defined.
Sg =  thealarm/trip setpoint based on the skin dose rate.

Dg = REC9.6.1.1 limit of 3000 mrem/yr, conservatively interpreted as a continuous release
over a one year period.

Ry =  factor used to convert dose rate to the effluent concentration as measured by the effluent
monitor, in (uCv/cc) per (mremVyr) to the skin, determined according to.

R, =C+(X7Q) 2. (L,+ 1.1M) q, (3.4)
i
Where:
Li =  the skin dose factor due to beta emissions for each identified noble gas radionuchde. in
(mrem/yr) per (uCUm3).

1.1 = conversion factor: | mrad air dose = 1.1 mrem skin dose

M; = the air dose factor due to gamma emissions for each identified noble gas radionuclide. i1n
(mrad/yr) per (uCi/m3).

C, (X/Q) and Q, are previously defined.

CALCULATION OF DOSE AND DOSE RATE FROM GASEQUS EFFLUENTS
Caiculation of Dose Rate

The following methodology is applicable to the location (SITE BOUNDARY or beyond)
characterized by the values of the parameter (X/Q) which results in the maximum total body or skin
dose rate. In the event that the analysis indicates a different location for the total body and skin dose

limutations, the location selected for consideration is that which munimuzes the allowable release
values. (Ref 11.8.6)

The factors K, L;, and M, relate the radionuclide airborne concentrations to vanous dose rates,
assuming a semi-infinite cloud model.

Noble Gases

The release rate limut for noble gases is determined according to the following general relationships
(Ref 11.86)

Dw = 2|K,((X7Q)Q,)| < s00mrem / yr (3.5)

D, = 2[L, +11m)(X7Q)Q )| < 3000 mrem/yr  (36)
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Where

Dy = Total body dose rate, conservatively averaged over a period of one year

K| = Total body dose factor due to gamma emissions for cach identified noble gas

radionuclide, in (mremvyr) per (HCim3),

X /Q = Thehighest calculated annual average relative concentration for any area at or
beyond the SITE BOUNDARY . Refer to Tables 6.1, 6.2, and 6.4 for applicability

Qi = The release rate of noble gas radionuclides, 1, in gaseous effluents, from all vent
releases in (uCi/sec). Q is calculated as the product of the venulaton path flow rate
and the measured activity of the effluent stream as determined by grab sampling

D¢ =  Skin dose rate, conservatively averaged over a period of one year

L = Skin dose factor due to beta emissions for cach identified noble gas radionuchide. in
(mrem/yr) per (uCUm3)‘

11 = Units conversion factor, | mrad air dose = 1.1 mrem skin dose.

M = Air dose factor due to gamma emissions for each identified noble gas radionuclide, in
(mrad/yr) per (WCvV/m?3).

Radionuclides Other Than Noble Gases

The release rate linut for lodine-131 and loding-133, for tritium, and for all radioactive matenals in
particulate form with half lives greater than 8 days is determined according to (Ref 118 7)

D, =2 R X7Q]Q s 1500 mrem/yr a.7)

Where:

Dy, =  Dose rate to any cnitical organ, in (mrem/yr).

R; = Dosc parameter for radionuclides other than noble gases for the inhalation pathway for
the child, based on the critical organ, in (mrem/yr) per (uCi/m3).

Q, and (X7Q) are as previously defined.

The dose parameter (R,) includes the in/ *rnal dosimetry of radionuclide, i, and the receptor's
breathung rate, whuch are functons of the receptor's age. The chuld age group has been selected as
the limiting age group. All radiodines are assumed to be released in elemental form (ref 118 7)

R; values were calculated according to (Ref 11.8.8):

R, = K (BR) DFA, (38)
Where
K
BR = The breathing ratc. (Regulatory Guide 1.109, Table E-5)

Units conversion factor: 1E06 pCyUuCi

DFA; = Tle maximum organ inhalation dose factor for the ith radionuclide, in (mremvpCi) The
total body 1s conzidered as an organ in the selection of DFA; (Ref 11.11 5and 11 14 4)
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Dose Due to Gaseous Effluents

Noble Gases

The air dose at the SITE BOUNDARY due to noble gases is calculated accorcing 10 the following
methodology (Ref. 11.8.9).

During any calendar quarter, for gamma radiation
D, = 3.17E-08 2_ [M,(X7Q)q| <smrad  (3.9)
i

During any calenaar quarter, for beta radiation:
D, = 317E-08 3 [N, (X7Q)q] s10mrad  (3.10)
I

Duning any calendar year, for gamma radiation
D, = 317€-08 3. [M,(X7Q)q| s10mrad  (3.11)
|

During any calendar year, for beta radiation:
D, = 317€-08 3, [N, (X7Q)q | s20mrad  (3.12)
i .

Dg = Air dose from gamma radiation duc to noble gases released in gaseous effluent
Dy =  Airdose from beta radiation due to noble gases released in gaseous efMuents

N = The air dose factor due to beta emissions for each identified noble gas radionuclide, 1. in
(mrad/yr) per (uCn/m3).

4 = The releases of radioiodines, radioactive materials in particulate form, and radionuclides
other than noble gases, i, in gaseous effluents, for all gaseous releases in (uCi). Releases
are cumulative over the calendar quarter or year as appropriate,

3.17E-08 = The inverse of the number of seconds per year
X/ Q &M, are as previously defined °

Radionuclides Other Than Noble Gases

The dose to a MEMBER OF THE PUBLIC from lodine-131 and 133, tnuum, and all radionuclides
in particulate form with half-lives greater than 8 days in gaseous effluents released. o areas at and
beyond the SITE BOUNDARY, is calculated according to the following expressions

During any calendar quarter.
D, = 317E-08 > Ri[W q,] £ 75mrem  (3.13)

During any calendar year
D, = 317E-08 D Ri[Wq,] < ISmrem  (314)

16~
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Where:

D, = Dose to a MEMBER O THE PUBLIC from radionuclides other than noble gases

R; =  The dose factor for each identified radionuclide, i, in m?(mrem/vr) per (uCi/sec) or
(mrem/yr) per (uCUm3).

w = (X7Q) for the inbalation and tritium pathways, in (sec/m”). Refer 1o Tables 6.1, 6.2,
and 6.4 for applicability

w - (D/Q) for the food and ground plane pathways, in

(meters?). Refer 1o Tables 6.1, 6.2 and 6.4 for applicability.

(D/Q) = the average relative deposition of the effluent at or beyond the SITE BOUNDARY,
considering depletion of the plume during transport.

3.17 E<O8 = The inverse of the number of seconds per year.
q; is as previously defined.

For the direction sectors with existing pathways within 5 miles from the site, the appropnate R,
values are used. If no real pathway exists within $ miles from the center of the building complex,
the cow-milk R, value is used, and it is assumed that this pathway exists at the 4.5 t0 5.0 mile
distance in the limiting<case sector. If the R; for an existing pathway within 5 miles is less than a
cow-milk R; at 4.5 10 5.0 miles, then the value of the cow-milk R; at 4.5 10 5.0 mules is used. (Ref
9.8.10)

Although the annual average relative concentration (X/Q) and the average relative deposiuion rate
(D/Q) are generally considered to be at the approximate receptor location in lieu of the SITE
BOUNDARY for these calculations, it is acceptable to consider the ingestion, inhalation. and ground
plane pathways to coexist at the location of the nearest residence with the highest value of (X/Q)
(Ref. 11.8.9) The Total Body dose from ground plane deposition is added to the dose for each
individual organ. (Ref. 11.11.3)

GASEQUS RADWASTE TREATMENT SYSTEM

The gaseous radwaste treatment system and the ventilation exhaust system are available for use
whenever gaseous eflluents require treatment prior to being released to the cavironment. The
gascous radwaste treatment system is designed to allow for the retention of all gascous fission
products to be discharged from the reactorcoolant systemn. The retention systen consists of eight (8
waste gas decay tanks. Normaily, waste gases will be retained for at least 60 days pnor to discharg.
These systems will provide reasonable assurance that the releases of radioactive matenals in gaseous
effluents will be kept ALARA.

The OPERABILITY of the gaseous radwaste treatment system ensures this system will be available
for use when gases require treatment prior to their release to the environment. OPERABILITY s
demonstrated through compliance with REC 9.6.1.1,9.7.1.1, and 9 8.1 |

Projected doses (gamma air, beta air, and organ dose) due to gascous efTlluents at or beyond the SITE
BOUNDARY are determined each 31 days by dividing the cumulative annual total by the number of
clapsed months

DOSE FACTORS

The dose conversion factors provided in the following tables were denved from the appropnate dose
conversion factors in Regulatons Guide 1109 and other sources as necessary (Ref 11 14 9 and
11.14.11) Per USNRC guidance, paruculate nuchides with a halflife of less than 8 days are not
considered (Ref 11.24) Y-90, Nb-95, La-140, and Pr-144 are included because the parent halflife is
greater than 8 days, and secular equilibrium is assumed  Non-gamma emitting nuchdces not histed in
Table 9 6-A arc also not considered  (CTSN 43121)

A
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TABLE 3.1
DOSE FACTOR FOR EXPOSURE TO A SEMI-INFINITE CLOUD OF NOBLE GASES
Total Body Gamma Air Beta Air
Dose Factor Skin Dose Factor Dose Factor Dosc Factor
K, L M; Ni
Radionuclide (mrem/yt) per (uCi/m ) (mrad/yr) per (uCi/m>) (mrad/yr) per (uCi/m’) (mradAy per (uCi/m?)

Kr-83m 7.56 E-02 — 1.93 E+01 288 E+02
Kr-85m 1.17E+03 1 46E+03 1.23 E+03 197 E+03
Kr-85 161 E+01 1.34 E+03 1.72 E+01 195 E+03
Kr-87 5.92 E+03 973 E+03 6.17 E+03 1.03 E+04
Kr-88 147 E+04 237 E+03 1.52 E+04 293 E+03
Kr-%9 1.66 E+04 1.01 E+04 1.73 E+04 1.06 E+04
Kr-90 1.56 E+04 7.29 E+03 1.63 E+04 783 E+03
Xe-131m 9.15 E+01 4.76 E+02 1.56 E+02 1.11 E+03
Xe-133m 251 E+02 9.94 E+02 327 E+02 1.48 E+03
Xe-133 294 E+02 3.06 E+02 3153 E+02 105 E+03
Xe-135m 3112 E+03 7.11 E+02 . 336 E+03 7.39 E+02
Xe-135 181 E+O03 186 E+03 1.92 E+03 246 E+03
Xe-137 1 42 E+03 1.22 E+04 1.51 E+03 127 E+04
Xe-138 883 E+03 413 E+0) 9.21 E+03 475 E+03
Ar-41 8 84 E+03 2.69 E+03 930 E+03 328 E+03
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" NUCLIDE

Be-7

Cr-51
Mn-54

Fe-59
Co-57
Co-58
Co-60

Zn-65
Rb-86

Sr-89
Y-90
Y-91m
Y-91

Zr-95
Nb-95
Ru-103

Ru-106
Ag-110m
Cd-109
Sn-113
Sb-124
Sb-125
Te-127m
Te-129m
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TABLE 3.2
PATHWAY DOSE FACTORS (R;) FOR RADIONUCLIDES
OTHER THAN NOBLE GASES
Ground Plane Pathway
(m? mrem/yr) per (WCi/sec)
TOTAL BODY SKIN
2.24E+07 3.21E+07
4 66E+06 S.51E+06
1.39E+09 1.63E+09
2.73E+08 3J.21E+08
2.98E+08 4 37E+08
3.79E+08 4 44E+08
2.15E+10 2 53E+10
7.47TE+08 8 S9E+O8
8.99E+06 1.03E+07
2.16E+04 2.51E+04
5.36E+06 6.32E+06
1.00E+05 1.16E+05
1.0TE+06 1.21E+06
2 45E+08 2 84E+08
2.50E+08 2 94E+U8
1.08E+08 1.26E+08
4 22E+08 SO7E+08
3 44E+09 4 ClE+O9
3. 76E+07 1 S4E+08
1 43E+07 4 09E+07
8 74E+08 1.23E+09
3. 57TE+09 S 19E+09
9 17E+04 | OBE+0S§
| 98E+07 231E+07
S SIE+OG 6 69E+00
1. 72E+07 2 09E+07
-19-
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TABLE 3.2
PATHWAY DOSE FACTORS (R;) FOR RADIONUCLIDES
OTHER THAN NOBLE GASES
Ground Plane Pathway
(m? mrem/yr) per (.Cisec)
NUCLIDE TOTAL BODY SKIN
1-132 1.25E+06 1 47E+06
I-133 2 45E+06 2 98E+06
1-134 4 4TE+0S 5.31E+0S
1125 2.53E+06 2. 95E+06
Cs-134 6.85E+09 8 00E+09
Cs-136 1 SIE+08 1 71E+08
Cs-137 1.O3E+10 1.20E+10
Ba-140 2.05E+07 2.35E+07
La-140 1 47TE+08 1.66E+08
Ce-141 1.37E+0 | S4E+07
Ce-144 6.96E+07 8 04E+07
Pr-144 4 35E+07 S QVE+07
Nd-147 8 39E+06 1 OIE+07
Eu-154 2.21E+10 3 ISE+10
Hf-181 1.97E+08 2 82E+08

«20-
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CHILD PATHWAY DOSE FACTORS (R;) FOR RADIONUCLIDES OTHER THAN NOBLE GASES

NUCLIDE

H-3
Be-7

Cr-51
Mn-54

Fe-55
Fe-59

Co-57
Co-58
Co-60
Zn-65
Ro-86

Sr-89
Sr-90

Y90
Y-91m
Y-91

Z2r-95
Nb-95
Ru-103
RU‘“)()
Ag-110m
Cd-109
Sn-113
Sb-124
Sb-125
Te-127m

Te-129m

1-130

BONE  LIVER  BODY THYROID KIDNEY LUNG  GLLLI

ND
8 47E+02

ND
ND

4 74E+04
2 07TE+04

ND
ND
ND

4 25E+04
ND

S.99E+05
1.01E+08

4.11E+03
S.07E-0]
9.14E+05

1.90E+0S
2.35E+04
2.79E403
1.36E+0S
1 G9E+(4
ND
113E+0S
S 74F +04
9 84E+04
2 49E+04
1 92E+04

8 I8E+03

1.12E+03
1.44E+03

ND
4 29E+04

2.52E+04
3.34E+04

9.03E+02
1.77E+03
1.31E+04

1.13E+0S
1.98E+05

ND
ND

WD
ND
ND

4.18E+04
9.18E+03
ND

ND
1 14E+04
5 48E+05

J12E+03
7 40E+02
7 S9E+02
8. 5SE+03
| 6 8SE+03

| ()-‘E +(04

TABLE 3.3
Inhalation Pathway
(mrem/yr) per (uCi/m?)

TOTAL

1.12E+03 1.12E+03
9.25E+02 ND
1.54E+02 8.55E+01
9.51E+03 ND
7.77E+02 ND

1. 6TE+04 ND
1.07E+03 ND
3.16E+03 ND
2.26E+04 ND
7.03E+04 ND
1.14E+05 ND
1.72E+04 ND

6 44E+06 ND
1.11E+02 ND

1 84E-02 ND

2 44E+04 ND
3.70E+04 ND

6 55E+03 ND
1.07E+03 ND

1 69E+04 ND

9 14E+03 ND

2 S9E+04 ND

8 62E+03 2 33E+03
2 D0E+04 1. 26E+02
2 07TE+04 9 10E+0]
3 02E+03 6.07E+03
3 04E+03 6 32E+03
8 44E+03 | BSE+06

“2}s

1.12E+03
ND

243E+01
1.00E+04

ND
ND

ND
ND
ND

7. 14E+04

&

5§8% 88

5.96E+04

8.62E+03

7.03E+03

1 84E+05
2. 12E+04
4. 96E+05

ND

ND

ND
6.36E+04
S03L+04

2 45E+04

1.12E+03
6 47E+04

1. 70E+04
1 S8E+06

1. 11E+0S
1. 27E+06

5 07E+05
1. 11E+06
7.07E+06

9 95E+05

ND

2.16E+06
| 48E+07

2.61E+05
2.81E+03
2 63E+06

2.23E+06

6. 14E+05

6 62E+05

1 43E+07
5 48E+06
| OSE+Q00

1 46E+00
3 24E+06
2 32E+00
| 48E+00
| 76E+06

ND

1.12E+03
2.55E+03

1 08E+03
2.29E+04

2 87E+03
7 07TE+04

1. 32E+04
3 44E+04
9 62E+04

1.63E+04
7.99E+03

1.67E+0S
J43E+0S

2 68E+05
T2E+03

i

|.84E+05
6. 11E+04
3. 70E+04
4 48E+04
4 29E+0S
| DUE+US
2 78E+04
2 26E+05
1 64E+0S
4 03E+04
7 14E+04

| 82E+035

S HIE+03
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CHILD PATHWAY DOSE FACTORS (R;) FOR RADIONUCLIDES OTHER THAN NOBLE GASES

NUCLIDE  BONE  LIVER

1-131
I-132
1-133
1-134

I-135

Cs-134
Cs-136
Cs-137

Ba-140
La-140
Ce-141

Ce-144
Pr-143
Pr-144
Nd-147
Eu-154
Hf-181

4 81E+04
2.12E+03
1. 66E+04
1.17E+03

4.92E+03
6.S1E+0S
6. 51E+04
9.07E+05

7.40E+04
6 44E+02
3 92E+04

6.77E+06
1.85E+04
5. 96E-02
1.08E+04
1.01E+07
2 78E+04

4 8IE+04
4.07E+03
2.03E+04
2.16E+03

8.73E+03
1.01E+06
1.71E+05
8.25E+05

6 48E+01
2.25E+02
1.95E+04

2.12E+06
5.55E+03

1.85E-02
8 73E+03
9.21E+05
1.01E+0S

7.88E+04
6.25E+03
3.38E+04
3.30E+03

1. 34E+04
3.30E+05
9.55E+04
2 82E+05

2.11E+0]
ND
8. 55E+03

1.17E+06
3.00E+03
9.77E-03
4 81E+03
4 03E+06

TABLE 3.3 (Con't)
Inbalation Pathway
(mrem/yr) per (WCi/m?)

TOTAL

BODY  THYROID KIDNEY
2.73E+04 1.62E+07
1.88E+03 1.94E+05
7.70E+03 3.85E+06
9.95E+02 5.07E+04
4. 14E+03 7.92E+05
2.25E405 ND
1.16E+05 ND
1.28E+05 ND

4 .33E+03 ND
7.55E+01 ND
2.90E+03 ND

3 61E+05S ND
9.14E+02 ND
3.00E-03 ND

6 81E+02 ND

8 40E+05 ND
1.25E+04 ND

2.05E+04

1.21E+05
1 45E+04
1.04E+05

1. 74E+06
1.83E+05
5.44E+03

1.20E+07
4.33E+05
1.57E+03
3 28E+05
6.14E+06
1 06E+06

GLLLl

2.84E+03
3.20E+03
5.48E+03
9.55E+02

4 44E+03
3 85E+03
4 18E+03
3.62E+03

1.02E+0S
2 26E+05
5 66E+04

3 89E+03
9 73E+04
1 97E+02
8 2IE+04
1 10E+05
f 62E+04
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TABLE 3.3 (Cont’d)
CHILD PATHWAY DOSE FACTORS (R;) FOR RADIONUCLIDES OTHER THAN NOBLE GASES

Meat Pathway

(m* mrem/yr) per (uCi/sec)

TOTAL
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NUCLIDE BONE  LIVER BODY THYROID KIDNEY LUNG  GLLLI

H-3
Be-7

Cr-51
Mn-54

Fe-55
Fe-59
Co-57
Co-58
Co-60

Zn-65
Rb-86

Sr-89
S$r-90
Y-90
Y-9m
Y-91

Zr-95
Nb-9§
Ru-103

Ru-106
Ag-110m
Cd-109
Sn-113

Sb-124
Sb-125

Te-127m
Te-129m
1-130
I+)51

=132

ND
7.38E+03

0.00E+00
0.00E+00

4 S8E+08
3.77E+08
0.00E+00
0.00E+00
0.00E+00

3.76E+08

0.00E+00

4 82E+08
1.04E+10
1.93E+05
0.00E+00
1. BOE+06

2.6TE+06

4 25E+06

1.5SE+08

4 44E+09
8 40E+06
0.00E+00
2 18E+09

2.93E+07
2 85E+07

1. 78E+09
1. 79E+09
3 OGE-O6
| 6GE+07
0 OOE+00

2.34E+02
1.26E+04

0.00E+00
8.02E+06

2. 43E+08
6.10E+08
5.92E+06
1.64E+07
6.94E+07

1.00E+09
S.77E+08

0 00E+0¢
0.00E+00
0.00E+00
0.00E+00
0 0E+00

5. 86E+05
1.66E+06
0.00E+00

0 00E+00
5 6TE+06
1.91E+06
4 48E+07

J.80E+0S
2 20E+05

4 78E+08
5 DOE+0S
6 18E-V6
1 6TE+07
0 Q0E+00

2.34E+02
8.07E+03

8 80E+03
2.14E+06

7.52E+07
3.04E+08
1.20E+07
5.03E+07
2.05E+08

6.23E+0R
3.55E+08

1.38E+07
2.64E+09
5.16E+03
0.00E+00
4 82E+04

$.22E+05
1.18E+06
5.96E+07

5.54E+08
4 53E+06
8 84E+04
1.24E+08

1 03E+07
5 9TE+06

2. 11E+08
2 78E+08
3 18E06
9 47E+06
0 D0E+00

23+

2.34E+02
0.00E+00

4 88E+03
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00
0 .00I+00
0 00E+00
331E+09

6 46E+04
2 64E4+04

4 25SE+08
S.78E+08
& B80E-04
S.SIE+9
0 00E+OU

2.34E+02
1.23E+04

1.33E+03
2.25E+06

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

6 31E+08
0.00E+00

0.00E+00
0.00E+00
0.0CE+00
0.00E+00
0.00E+00

8 39E+05
1.56E+06
3.90F »08

6 00E+09
1.06E+07
1.70E+06
0.00E+00

0.00E+00
0.00E+00

S 07E+09
S 26E+09
$.23E-06
2. 4E+07
0 OOE+00

2.34E+02
0.00E+00

8.92E+03
0.00E+00

1.37E+08
1.77E+08
0.00E+00
0.00E+00
0.00E+00

0.00E+00

0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00

1.62E+07
| S9E+07

0.00E+OU
0 .00E+00
0 OOE+00
0 O0E+00

0 .00E+00

2 34E+G2
7.00E+05

4.67E+05
6.73E+06

4. 50E+07
6.35E+08
4 85E+07
9 59E+07
3 B4E+08

1 76E+08

3.71E+07

1.87E+07
1.40E+08
5.49E+08
0.00E+00
2 40E+08

6 | IE+08

3J.07E+0Y

4 01E+09

691E+10
6 7SE+08
6. 18E+06
1 S4E+09

1 83E+08
6 S8IE+07

| 44E+09
2 19E+09
2 89E-06
| 48E+06
0 DUE+U0
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CHILD PATHWAY DOSE FACTORS (R;) FOR RADIONUCLIDES OTHER THAN NOBLE GASES

NUCLIDE BONE  LIVER  BODY THYROID KiDNEY  LUNG

1-133
I-134

1-135

Cs-134
Cs-136
Cs-137

Ba-140
La-140
Ce-14}

Ce-144
Pr-143
Pr-144

Nd-147
Eu-154
Hf-181

5. 70E-01
0.00E+00

0.00E+00
9.23E+08
1.62E+07
1.33E+09

4.39E+07
3.33E+02
2.22E+04

2.32E+06
3.34E+04
S.63E+02

L17E+04
1.12E+07
4.77E+06

7.05E01
0.00E+00

0.00E+00
1.51E+09
4 46E+07
1.28E+09

3 85E+04
1.17E+02
1 ME+04

7.27E+05
1.00E+04
1.74E+02

9 48E+03
1.01E+06
1.74E+07

Meat Pathway
(m* mrem/yr) per (uCi/sec)

TOTAL

267E01 131E+02 | L17E+00 | 0.00E+00
0.00E+00 0.00E+00 | 0.00E+00 | 0.00E+00
0.00E+00 0.00E+00 | 0.00E+00 | 0.00E+00
3.20E+08 0.00E+00 | 4.69E+08 1.68E+08
2.89E+07 0.00E+00 | 2.3BE+07 | 3.54E+06
1.89E+08 0.00E+00 | 4.16E+08 | 1.50E+(U8
2. 56E+06 0.00E+00 | 1.25E+04 | 229E+04
3 93E+01 0.00E+00 0.00E+00 0.00E+00
1.65E+03 0.00E+00 4 86E+03 0.00E+00
1.24E+05 0.00E+00 4 02E+05 0.00E+00
1.66E+03 0.00E+00 543E+03 0.00E+00
2.83E+01 0.00E +00 921E+01 0.00E+00
7.34E+02 0.00E+00 5.20E+03 0.00E+00
9.20E+05 0.00E+00 | 4.43E+06 | 0.00E+00
2.15E+06 0.00E+00 3.53E+06 | 0.00E+00

24

Gl-LLI

2 84E-01
0.00E+00

0.00E+00
8. 17E+06
1.57E+06
8 00E+06

2 22E+07
3 25E+06
1 38E+07

| BYE+08
361E+07
3 75E+05

1. S0E+07
2. 34E+08
6 41E+09
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CHILD PATHWAY DOSE FACTORS (R))FOR RADIONUCLIDES OTHER THAN
NOBLE GASES

NUCLIDE BONE  LIVER

H-3
Be-7

Cr-51
Mn-54

Fe-55
Fe-59

Co-57
Co-58
Co-60

Zn-65
Rb-86
Sr-89
Sr-90
Y-90

! Y<9Im
Y-91
Zr-95
Nb-95
Ru-103
Ru-106
Ag-110m

Cd-109
Sn-113

Sb-124
Sh-125
Te-127m
Te-129m

0.00E+00
7.50E+03

0.00E+00
0.00E+00

1.12E+08
1.20E+08

0.00E+00
0.00E+00
0.00E+00

4 14E+09
0.00E+00
6.63E+09
1.12E+11
3 3RE+03
0.00E+00
3 91E+04
3 B4E+03
3. 72E+0S
4 29E+03
9 25E+03
2 09E+0O8

0 00E+0O0
6. 11E+08

{ | D9E~OK
| 871E+07
‘ 2 O8E+0K
| 272E+08

1.57TE+03
1.28E+04

0.00E+00
2.10E+07

5.94E+07
1.95E+08

3 84E+06
1.21E+07
4.32E+07

1.10E+10
8.78E+09

0.00E+00
0 00E+00
0.00E+00
0.00E+00
0.00E+00

8 43E+02

1 45E+05

0 .00E+00

0 00E+00
141E+08
3 BOE+06
1.26E+07

| 41E+06
6. 712E+0S
SO1E+07
7 S9E+O7

TOTAL

BODY  THYROID

1.57TE+03
8.20E+03

1.02E+05
5.59E+06

1. 84E+07
9.70E+07

7.78E+06
3.712E+07
1.27E+08

6.86E+09

5.40E+09

1.89E+08
2.84E+10
9.05E+01
0.00E+00
1.04E+03

7.51E+02
1.03E+05
1.65E+03

L15SE+04
1. 13E+G8
1 79E+05
3 48E+07

3 81E+07
| B3E+07
247E+07
4 22E+07

Grass-Cow-Milk Pathway

(m* mrem/yr) per (WCi/sec)

1.57E+03
0.00E+00

5.66E+04
0.00E+00

0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00

0 O0E+00
0 00E+00
0.COE+00
9.29E+08

2 40E+05
8 07TE+04
4 98E+07
8 76E+07

KIDNEY

1.57E+03
1.25E+04

1.55E+04
5.89E+06

0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00

6.95E+09
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

1.21E+03
1.36E+05
1.08E+04

1.25E+0S
2 63E+08
3 A5E+06
0.00E+00

0.00E+00
0.00E+00
$ 94E+08
7 98E+08

LUNG

1.5TE+C3
0.00E+00

1.03E+05
0.00E+00

3.36E+07
5 64E+07

0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00

0.G0E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0 O0E+00

0 00E+00
0 00E+00
0.00E+00
0 00E+00

6.03E+07
4 86E+07
0 GOE+00
0 O0E+00

GI-LLI

1.57E+03
7.12E+05

5. 40E+06
1.76E+07

1.10E+07
2.03E+08

3.15E+07
7 0BE+07
2.39E+08

1 94E+09
5.65E+08

2. 5TE+08
1.51E+09
9 62E+06
0.00E+QU
5.20E+06

8. 80E+05
2.68E+08
1.11E+05

1 44E+06
1.68E+10
| 25E+07
4 32E+08

6 8O0E~08
2 OBE+08
| 69E+08
3 31E+C8
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E 3.3 (Cont'

CHILD PATHWAY DOSE FACTORS (R;)FOR RADIONUCLIDES OTHER THAN
I NOBLE GASES

Grass-Cow-Milk Pathway

(m* mrem/yr) per (uCi/sec)
TOTAL '
NUCLIDE  BONE LIVER BODY THYROID KIDNEY LUNG Gl-LLI
|
1-130 1.73E+06 3 S0E+06 1.80E+06 3.85E+08 5.23E+06 | 0.00E+00 1.64E+06
1-131 1.30E+09 |1.31E+09 |746E+08 |4.34E+11 2.1SE+09 10.00E+00 [1.17E+08
1-132 6.92E-01 1.27E+00 | 5.85E41 5.90E+01 1.95E+00 |0.00E+00 |1 50E+00
1-133 1.72E+07 |2.13E+07 |B.0SE+06 |3.95E+09 3.54E+07 |000E+00 |[8.57TE+06
| 1134 0.00E+00 [0.00E+00 |0.00E+00 |0.00E+00 0.00E+00 |0 00E+00 0.00E+00
I-135 S 41E+04 ‘ 9 74E+04 4 61E+04 8 63E+06 1 49E+05 0.00E+00 7 42E+04
Cs-134 2.27E+10 3.72E+10 7.84E+09 | 0.00E+00 1.15E+10 4 14E+0Y 2 QVOE+U8
Cs-136 1.01E+09 2.78E+09 1.8CE+09 | 0.00E+00 1 48E+09 2.21E+08 9 78E+07
Cs-137 3.23E+10 3.09E+10 4.56E+09 0.00E+00 J O1E+I10 3 62E+09 | 93E+08
|
| Ba-140 1.17E+08 1.03E+05 6 84E+06 [0 O0E+00 3 34E+04 6 12E+04 5 93E+07
Ce-141 2.19E+04 1.09E+04 1.62E+03 0.00E+00 4.79E+03 0 00E+00 | 36E+07
La-140 1.78E+02 |6.23E+01 |2.10E+01 |0.00E+00 0.00E+00 |0.00E+00 |1 74E+06
Ce-144 1.62E+06 |S5.09E+05 |867E+04 |0.00E+00 2.82E+05 [000E+00 |1.33E+08
Pr-143 TI19E+02 - |2.16E+02 |[3.57E+01 |0.00E+00 L.17E+02 |0.00E+00 |7.76E+0S
Pr-144 5 04E+00 1 S6E+00 2.53E-01 0.00E+00 8 24E-0) 0.00E+00 3 35E+03
Nd-147 4 45E+02 3 61E+02 2.719E+01 0.00E+00 1 98E+02 0.00E+00 5 7IE+OS
Eu-154 9 43E+04 8 48E+03 7.75E+03 0.00E+00 3.73E+04 0.00E+00 1.97E+06
| Hf-181 6 44E+02 2.35E+03 2.91E+02 0.00E+00 4 76E+02 0. 00E+00 8 66E+05
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TABLE 3.3 (Cont'd)
CHILD PATHWAY DOSE FACTORS (R;) FOR RADIONUCLIDES OTHER THAN
l NOBLE GASES

Grass-Goat-Milk Pathway
(m* mrem/yr) per (uCi/sec)

TOTAL
NUCLIDE BONE LIVER  BODY ' THYROID KIDNEY  LUNG GLLLI

H-3 0 00E+00 | 3.20E+03 | 320E+03 3.20E+03 | 3.20E+03 | 3.20E+03 | 3.20E+03
| Be-7 9.00E+02 | 1.53E+03 | 9.84E+02 0.00E+00 | 1.50E+03 | 0.00E+00 | 8.55E+04
Cr-51 0.00E+00 | 0.00E+00 | 122E+04 6.79E+03 | 18SE+03 | 1.24E+04 | 648E+05
| Mn-54 0.00E+00 | 2.52E+06 | 6.71E+05 0.00E+00 | 7.06E+05 | 0.C0E+0C | 2. 11E+06
Fe-55 © 145E+06 | 7.72E+05 | 2.39E+0S 0.00E+00 | 0.00E+00 | 436E+05 | 1 43E+0S5
Fe-59 1.56E+06 | 2.53E+06 | 126E+06 0.00E+00 | 0.00E+00 | 734E+05 | 2 64E+06
Co-57 0.00E+00 | 4.61E+05 | 9.33E+0S 0.00E+00 | 0.00E+00 | 0.00E+00 | 3 78E+06
Co-58 0.00E+00 | 146E+06 | 4.46E+06 0.00E+00 | 0.00E+00 | 0.00E+00 | & S0E+06
| Co-60 0.00E+00 | 5.19E+06 | 1.53E+07 0.00E+00 | 0.00E+00 | 0.00E+00 | 287E+07
| Zn-65 497E+08 | 132E+09 | 8.23E+08 0.00E+00 | 8.34E+08 | 0.00E+00 | 232E+08
Rb-86 0.00E+00 | 1.OSE+09 | 6.4BE+08 0.00E+00 | 0.00E+00 | 0.00E+00 | 6.78E+07
Sr-89 1.39E+10 | 0.00E+00 | 3.97E+08 0.00E+00 | 0.00E+00 | 0.00E+00 | 5.39E+08
Sr-90 2.35E+11 | 0.00E+00 | 5.95E+10 0.00E+00 | 0.00E+00 | O0.00E+00 | 3.16E+09
Y-90 4 06E+02 | 0.00E+00 | 1.09E+0Il 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.15E+06
[| Y-9Im 0.00E+00 | 0.00E+00 | 000E+00 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
Y91 |  469E+03 | 0.00E+00 | 1.25E+02 0.00E+00 | 0.00E+00 | 0.00E+00 | 625E+0S
l -
| Zr-95 4G0E+02 | 101E+02 | 9.01E+0I 0.00E~00 | 145E+02 | 0.00E+00 | | O6E+0S
l
| Nb-95 4 46E+04 | 1.74E+04 | 1.24E+04 0.00E+00 | 1.63E+04 | 000E+00 | 321E+07
| Ru-103 5.14E+02 | 000E+00 | 198E+02 0.00E+00 | 1.29E+03 | 0.00E+00 | 1.33E+04
Ru-106 1.11E+04 | 0.00E+00 | 1.38E+03 0.00E+00 | 1.5S0E+04 | 0.00E+00 | 173E+05
Ag-110m 2.51E+07 | 1.69E+07 | 1.3SE+Q7 0.00E+00 | 3.1SE+07 | 0.00E+00 | 2.01E+09
C4-109 0.00E+00 4 64E+05 2.15E+04 0.00E+00 4 14E+05 0.00E+00 1.50E+06
Sn-113 7.33E+07 | 1.51E+06 | 4.18E+06 L1NIE+08 | 0.00E+00 | 0.00E+00 | 5 I18E+07
Sb-124 1.30E+07 | 1.69E+05 | 4 57TE+06 288E+04 | 0.00E+00 [ 724E+06 | 8 I16E+07
Sb-125 1.05E+07 | 8 0GE+04 | 2.19E+06 968E+03 | 0.00E+00 | S 83E+06 | 2 SOE+)7
|| Te-127m 2.50E+07 6 73E+06 2. 9TE+06 5.98E+06 7.13E+07 0 00E+O0 2.02E+07
Te-129m 3 26E+07 | 9.10E+06 | S.06E+06 10SE+07 | 9.57E+07 | C.00E+00 | 3 98E+07
I |
I 1-130 2 0BE+06 | 4.20E+06 | 2.16E+06 4 2E+08 | 627E+06 | 0 00E+00 1 96E+06
I-131 1.STE+09 | 1.57E+09 | 8.95E+08 521E+11 | 258E+09 & O0O00E+00 | 140E+08
1132 8 30E01] 1.53E+00 7.02E-01 708E+01 | 234E+00 | 000E-00 | 1 80E+00
27
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CHILD PATHWAY DOSE FACTORS (R;) FOR RADIONUCLIDES OTHER THAN

NOBLE GASES

Grass-Goat-Milk Pathway

NUCLIDE ~ BONE  LIVER

1-133
I-134

i-135

Cs-134
Cs-136
Cs-137

Ba-140
La-140
Ce-141

Ce-144
Pr-143
Pr-144
Nd-147
Eu-154
Hf-181

2.06E+07
0.00E+00

6.49E+04
6.80E+10
3.04E+09
9.68E+10

141E+07
2. 14E+01
2.63E+03

1.95E+05
8 63E+01
6 0SE-01
5.34E+01
1.13E+04
7.73E+01

BODY  THYROID KIDNEY  LUNG

(m* mrem/yr) per (uCi/sec)
TOTAL

2.55E+07 9 66E+06 4 74E+09
0.00E+00 0.00E+00 C.00E+00
1.17E+05 | 5.53E+04 1.04E+07
1.12E+11 2.35E+10 0.00E+00
835E+09 | 540E+09 0.00E+00
9.27E+10 1.37E+10 0.00E+00
1.23E+04 | 821EH0S 0.00E+00
7.47E+00 2.52E+00 0.00E+00
1.31E+03 1.95E+02 0.00E+00
6.11E+04 1 04E+04 0.00E+00
2.59E+01 4 28E+00 0.00E+00
1 87EN1 3.04E-02 0.00E+00
4 33E+01 3.35E+00 0.00E+00
1.02E+03 | 9.29E+02 0.00E+00
281E+02 | 349E+0I 0.00E+00

4 25E+07
0.00E+00

1.79E+05
3.46E+10
4 45E+09
3.02E+10

4.01E+03
0.00E+00
5.715E+02

3 38E+04
1.40E+01
9.89E-02
2.37E+01
4 47E+03
5.72E+01

0.00E+00
0 00E+00

0.00E+00
1.24E+10
6.63E+08
1.09E+10

7.35E+03
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.0CE+00
0.00E+00
0.00E+00
0.00E+00

Gl-LLI

1 03E+07
0. CGOE+00

8 90E+04
6.01E+08
2 93E+08
5.80E+08

7.13E+06
2.08E+05
1 63E+06

1. S9E+07
9 31E+04
4 03E+02
6 8SE+04
2.37E+0S
1.04E+05
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CHILD PATHWAY DOSE FACTORS (R;) FOR RADIONUCLIDES OTHER THAN
NOBLE GASES

Vegetation Pathway

(m' mrem/yr) per (uCi/sec)

TOTAL

NUCLIDE BONE  LIVER  BODY  THYROID

H-3
Be-7

Cr-51
Mn-54

Fe-55
Fe-59
Co-57
Co-58
Co-60

Zn65

Rb-86
Sr-89
S$r-90
Y-90
Y-91m
Y-91

2r-95
Nb-95
Ru-103

Ru-106
Ag-110m
Cd-109
Sn-113

Sh-124
Sb-125
Te-127m
Te-129m

130
:\

Ja
[-131

ND
3.3BE+0S

0.00E+00
0.00E+00

8.01E+08
3 98E+08
0.00E+00
0.00E+00
0.00E+00

8.13E+08

0.00E+00
3.60E+10
1.24E+12
3 01E+06
8 9SE09
1 86E+07

3.86E+06
7.48E+05
1.53E+07

7 452+08
3.21E+07
0 00E+00
1.58E+09

3 52E+08
4 99E+08
1.32E+09
8 41E+08

6 16E+05
1 43E+0%

4 01E+03
5.76E+0S

0.00E+00
6.65E+08

4 25E+08

6.43E+08-

2.99E+07
6.44E+07
3.78E+08

2.17E+09

4.52E+08
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

8 48E+05

2.91E+05

0.00E+00

0.00E+00
2.17EH07
2.45E+08
3.25E+07

4 STE+06
3 85E+06
3 S6E+08
2 3SE+08

1 24E+06
1 44E+08

4.01E+03
3.70E+05

1.17TE+03
1.77E+08

1.32E+08
3.20E+08
6.04E+07
1.97E+08
1.12E+09

1.35E+09

2.78E+08
1.03E+09
3.15E+11
8 04E+04
3.26E-10
4 99E+05

7.55E+05

2.08E+05

5. 90E+06

9.30E+07
1.73E+07
1. 14E+07
9 00E+07

1 23E+08
1 OSE+O8
1 STE+O8
| 31E+0O8

6 41E+05
8 1TE+07

4.01E+03
0.00E+00

6.50E+04
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00
0.00E+00
0.00E+00
2 40E+09

7.77E405
4 63E+5
3 16E+08
2. 71E+08

| 37E+08
4 76E+10

KIDNEY  LUNG  GLLL!

4.01E+03
5.65E+05

1.78E+04
1.B6E+08

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

1.36E+09

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

1.21E+06

2.74E+05

3 86E+07

1.OIE+09
4 04E+07
2. 18E+08%
0.00E+00

0.00E+00
0.00E+00
3 77E+09
2 47E+09

| 86E+06
2.36E+08

4.01E+03
0.00E+00

1.19E+05
0.00E+00

2. 40E+08
1 87E+08
0.00E+00
0.00E+00
0.00E+00

0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00
0.00E+00
0 00E+00
0.00E+00

1 95E+08
2 T8E+08
0 O0E+00
0 00E+D0

0 ONE=-00
0 QLE~QU

401E+03
3.21E+07

6.21E+0F
5 S8E+0L

7.87E+07
6 70E+08
2 4SE+08
3 76E+08
2.10E+09

3 BOE+US

291E+07
1.39E+09
167E+10
8 S6E+09
1.7SE05
2 48E+(9

8 85E+08

5.39E+08

3 97E+08

1.16E+10
2.58E+09
7.94E+08
1.12E+09

2 20E+09
1 19E+09
| 0TE+OY
| O3E+Q9

S.82E+US
1. 2BE+07




L

KINNEY

2 60E+02
7.28E+06
4 42E04

1.73E+05
8. 15E+09
1.21E+08
7.46E+09

7.90E+04
0.00E+00
1.43E+05

2.21E+07
2.37E+04
1.29E+03
3.18E+04
6.57TE+07
3.63E+05

APA-ZZO 1003
Rev. §

LUNG

0.00E+00
0.00E+00
0.00E+00

0 00E+00
2.93E+09
1. 80E+07
2. 68E+09

1 45E+05
0.00E+00
0.00E+00

0.00E+00
0 00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

Gl-LLI

2 00E+02
| 76E+06
| 92E-04

8 S9E+04
| 42E+08
7 96E+06
1 43E+08

1 40E+08
3.28E+08
4 08E+08

| 04E+10
1 STE+08
5 25E+06
9.17E+07
3.48E+09
6.59E+08

TABLE 3.3 (Cont'd)
CHILD PATHWAY DOSE FACTORS (R;) FOR RADIONUCLIDES OTHER THAN
| NOBLE GASES
Vegetation Pathway
(m* mrem/vr) per (uCi/sec)
: TOTAL

NUCLIDE ~ BONE LIVER BODY  THYROID
I-132 9.23E+01 1.70E+02 | 7.80E+01 7.87E+03
1-133 3.53E+06 | 4.37E+06 | 1.65L+06 8.12E+08
1-134 1 S6E-04 | 289E-04 | 133ED4 6.65E-03
I-135 6.26E+04 1.13E+05 | S33E+04 9.98E+06
Cs-134 1.60E+10 | 2.63E+10 | 5.55E+09 0.00E+00
Cs-136 8 24E+07 | 2.27E+08 | 147E+08 0.00E+00
| Cs-137 2.39E+10 | 229E+10 | 338E+09 0.00E+00
Ba-140 277E+08 | 2.43E+05 | 1.62E+07 0.00E+00
La-140 3 36E+04 1.18E+04 | 3.96E+03 0.00E+00
| Ce-141 6 56E+0S | 3.27E+05 | 4.86E+04 0.00E+00
Ce-144 127E+08 | 3.98E+07 | 6.78E+06 0.00E+00
Pr-143 1 46E+05 | 4.37TE+04 | 7.23E+03 0.00E+00
Pr-144 788E+03 | 244E+03 | 397E+02 0.00E+00
Nd-147 7.15E+04 | S579E+04 | 4 48E+03 0.00E+00
Eu-154 1.66E+08 | 1.S0E+07 | 1.37E+07 0.00E+00
| Hf-181 4 90E+05 1.79E+06 | 221E+05 0.00E+00

.30-
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TABLE 3.4
ADULT PATHWAY DOSE FACTORS (R;) FOR RADIONUCLIDES OTHER THAN
NOBLE GASES
Inhalation Pathway
(mrem/yr) per (pCi/m")
. TOTAL

NUCLIDE  BONE LIVER BODY THYROID KIDNEY LUNG LLLI

H-3 ND 1.26E+03 1.26E+03 1.26E+03 1.26E+03 1.26E+03 1 26E+03
Be-7 4.27E+02 9 68E+02 4 70E+02 ND ND 421E+04 5 3SE+03
Cr-51 ND ND 1.00E+02 5.95E+01 2.28E+01 1 44E+04 3.32E+03
Mn-54 ND 3 96E+04 6.30E+03 ND 9 84E+03 1.40E+06 7.74E+04
Fe-55 2.46E+04 1 70E+04 3. 94E+03 ND ND 7.21E+04 6.03E+03
Fe-59 LIBE+0O4 2.78E+04 1.06E+04 ND ND 1.02E+06 | 88E+05
Co-57 ND 6.92E+02 |[6.71E+02 ND ND 3.70E+05 3. 14E+04
Co-58 ND 1.58E+03 2.07E+03 ND ND 9.28E+0S 1.06E+0S
Co-60 ND 1.15E+04 1. 48E+04 ND ND 5.97TE+06 2. 85E+0S
Zn65 3.24E+04 1 03E+0S s 66E+04 ND 6.90E+04 8 64E+05 S.34E+04
Rb-86 ND 1.35E+05 5 90E+04 ND ND ND | 66E+04
Sr-89 3.04E+0S ND 8. 72E+03 ND ND 1 40E+06 3.50E+05
51-90 9.92E+07 |ND 6.10E+06 ND ND 9.60E+06 | 7.22E+05
Y-90 2 09E+3 ND 561E+01 ND ND ] 70E+05 5 06E+05
Y-91m 261E-0] ND 1 02E-02 ND ND » 92E+03 1 33E+00
Y-91 4 62E+05 |ND 1.24E+04 | ND ND TOE+06 | 13 85E+05
Zr-95 1 07E+05 |3 44E+04 |233E+04 | ND 542E+04 | 1.77E+06 | | S0E+05
Nb-95 1.41E+04 7.82E+03 4 21E+03 ND 7.74E+03 5.05E+0S 1 O4E+05
Ru-103 1.53E+03 ND 6.58E+02 ND 5.83E+03 5.05E+05 | 10E+05
Ru-106 6 91E+04 |ND 8 72E+03 | ND 1.34E+05 | 9.36E+06 | 9 12E+05
Ag-110m 1 UBE+04 1. O0E+04 5 94E+03 ND 1.97E+04 4 63E+06 J 02E+0S
Cd-109 ND 3 67E+0S 1.31E+04 ND 3.57E+0S 6.83E+05 5 82E+04
Sn-113 5 T2E404 2 18E+03 4 39E+03 1.24E+03 ND 9 44E+0S 1. 18E+0S
Sb-124 3.12E+04 S 89E+02 1 24E+04 7 5SE+01 ND 2 48E+06 4 06E+0S5
Sb-125 §34E+04  [S9SE+02 [1206E+04 | S 40E+0I ND 1. 74E+06 | 1 01E+05
Te-127m L 26E+04 |ST7TE+03 |1 STE+03 | 3.29E+03 4 SRE+04 | 9 GOE+0S | 1 SOE+0S
Te-129m 9 76E+03 |4 6TE+03 |1 58E+03 | 3 44E+03 366E+04 | 1 16E+06 | 3 83E+0S

i
I-130 | 4S8E+03  |134E+04 |S28E+03 | 1 14E+06 209E+04 | ND 7 69E+03
1-131 | 252E+04 |3 SBE+04 |205E+04 | 1 19E+07 6 13E+04 | ND 6 28E+03
.31
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ADULT PATHWAY DOSE FACTORS (Rj) FOR RADIONUCLIDES OTHER THAN
NOBLE GASES

NUCLIDE  BONE  LIVER

I-132
1-133
1134

1-135

Cs-134
Cs-136
Cs-137

Ba-140
La-140

Ce-141

Ce-144
Pr-143
Pr-144

Nd-147
Eu-154
Hf-181

1.16E+03
8.64E+03
6 44E+02

2.68E+03
3. 73E+03
3 90E+04
4.78E+05

3 90E+04
3.44E+02

1.99E+04

3 43E+06
9.36E+03
3.01E-02

5.27E+03
5.92E+06
1.41E+04

3.26E+03
1. 48E+04
1.73E+03

6.98E+03
8 4BE+05
1 46E+05
6.21E+05

4 90E+01
1.74E+02

1.35E+04

1 43E+06
3.75E+03
1.25E-02

6 10E+03
7.28E+05
6 82E+04

Inhalation Pathway

(mrem/yr) per (uCiVm?)

TOTAL

BODY  THYROID KIDNEY  LUNG  GLLL!

1.16E+03
4.52E+03
6.15E+02

2.57E+03
7.28E+05
1. 10E+0S
4.28E+05

2.57E+03
4. 58E+01

1.53E+03

1.84E+05
4. 64E+02
1.53E-03

3.65E+02
5. 18E+05
6.32E+03

1.14E+05
2. 1SE+06
2 98E+04

4 48E+05

&88 %85 & %% 3538

S.1BE+03
2.58E+04
2.75E+03

L.11E+04
2.87E+05
8 S6E+04
2.22E+05

1.67E+01]
ND

6.26E+03

8 48E+05
2.16E+03
7.05E-03

3.56E+03
J 49E+06
1 48E+04

ND
ND
ND

ND

9. 76E+04
1. 20E+04
7.52E+04

1.27E+06
1.36E+05

3.62E+05

7.78E+06
281E+05
1.02E+03

2.21E+05
4 67TE+06
6 85E+05

4 06E+02
8 88E+03
1 O1E+00

5 25E+03
1 04E+04
1.17E+04
8 40E+03

2 18E+05
4 SRE+0S

1.20E+0S

8. 16E+05
2. 00E+05
2.15E-08

1.73E+05
2.72E+05
1.39E+05
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ADULT PATHWAY DOSE FACTORS (R;) FOR RADIONUCLIDES OTHER THAN

NUCLIDE  BONE  LIVER  BODY

H-3
Be-7

Cr-51
Mn-54

Fe-55
Fe-59
Co-37
Co-58
Co-60

Zn-65
Pb-86

Sr-89
§r-90
Y-90
Y-9im
Y-91

Zr-95

Nb-95
Te-99m
Ru-103

Ru-106
Ag-110m
Cd-109
Sn-113
Sb-124
Sb-125
Te-127m
Te-129m

30

I-1
I-131

ND
4 57F+03

ND
ND

2.93E+08

2 65E+08
ND
ND
ND

3 S6E+08

ND

3.01E+08
1.24E+10
1.21E+0S
0. 00E+00
1.13E+06

1.87E+06

3.15E+06
2.87E+02
1.0SE+08

2 BOE+09
6 68E+06
ND
1.37E+09
1 98E+07
1 91E+07
1 1IE+)9
1 13E+09

2 12E06
| GRE+O7

3.25E+02
1.04E+04

ND
9.17E+06

2.02E+08
6.24E+08
5 63E+06
1 2E+07
7.51E+07

1 13E+09

4 87E+08

ND
ND
ND
ND
ND

6.00E+0S

1.75E+06
8 10E+02
ND

ND
6 18E+06
1.59E+06
3 BBE+07
3 74E+0S
2 13E+05
3 9BE+O8
4 23E+08

6.27E-06
1 S4E+07

3.4 (Cont'
NOBLE GASES
Meat Pathway
(m* mrem/yr) per (Ci/sec)
TOTAL
THYROID
3.25E+02 3.25E+02
5.07E+03 ND
7.04E+03 421E+03
1.75E+06 ND
4 2E+07 ND
2.39E+08 ND
9.36E+06 ND
4. 08E+07 ND
1 66E+08 ND
5.11E+08 ND
2.27E+08 ND
8 65E+06 ND
3.05E+09 ND
3.24E+03 ND
0.00E+00 ND
3.02E+04 ND
4 06E+05 ND
9 43E+0S ND
1 v3E+04 ND
4 53E+07 ND
3. 54E+08 ND
3 67E+06 ND
5.55E+04 ND
7 8GE+07 2.22E+07
7 B4E+06 4 79E+04
4 S4E+06 1 94E+04
1 36E+08 2 8SE+08
1 79E408 3 R9E+08
247E06 S3IE-4
8 82E+06 5 04E+09

KIDNEY

3.25E+02
1.10E+04

1.55E+03
2.73E+06

ND
ND
ND
ND

7.57E+08
ND

ND
ND
ND
ND
ND

9.42E+05

1. 73E+06
1.23E+04
4 01E+08

5 40E+09

1.21E+07

1.52E+06
ND
ND
ND

4 S3E+0Y

4 735+09

9 78E-06
2 6GAE+07

LUNG

3.25E+02
ND

9 34E+03
ND

1 13E+08
1.74E+08

ND
ND
ND
ND

1. 54E+07

1 47E+07
ND
ND

ND
ND

GI-LLI

3.25E+02
1 81E+06

| 77TE+06
2.81E+07

| 16E+08
2 OBE+V9
1. 43E+08
3.69E+08
1 41E+09

7. 13E+08
9.60E+07

4 83E+07
3 59E+08
1.28E+09
0 COE+00
6 23E+U8

1.90E+09

1 06E+10
4 T9E+0S
1.23E+10

| 81E+11
2.52E+09
1 60E+07
4 09E+0Y
S 61E+08
2. 10E+08
3 74E+09
STIE+OY

5 40E-06
4 DUE+V6
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B 4 t'

ADULT PATHWAY DOSE FACTORS (R;) FOR RADIONUCLIDES OTHER THAN
| NOBLE GASES

Meat Pathway

(m* mrem/yr) per (uCi/sec)
TOTAL
NUCLIDE BONE  LIVER  BODY THYROID KIDNEY LUNG  GLLLI
[ 1132 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 ND 0.00E+00
1133 3 67E-0] 6.39E-01 1.95E01 9.38E+01 1.1IIE+00 ND 5.74E01
I-134 0.00E+00 | 0.00E+00 | 0.00E+00 0.00C+00 | 0.00E+00 ND 0.00E+00
I 1-135 0.00E+00 | 0.00E+00 | 0.00E+00 0.00E+00 | 0.00E+00 ND 0.00E+00
Cs-134 6 STE+08 1.56E+09 1.28E+09 ND 5 06E+08 1 68E+08 2 T4E+07
Cs-136 1 20E+07 | 4.76E+07 3.42E+07 ND 2.65E+07 3.63E+06 5 40E+06
[ Cs-137 8.71E+08 1.19E+09 781E+08 ND 4.04E+08 1. 34E+08 2.31E+07
Ba-140 2 87E+07 J61E+04 1. 88E+06 ND 1.23E+04 | 2.07E+04 5 91E+Q07
La-140 2.21E+02 1.11E+02 2.94E+01 ND ND ND 8 I8E+06
| Ce-141 1 40E+04 9 49E+03 1. 08E+03 ND 441E+03 ND 3 63E+07
Ce-144 | 46E+06 6.09E+05 7.82E+04 ND 3 61E+05 ND 4 92E+08
Pr-143 2 10E+04 8 40E+03 1.04E+03 ND 4 85E+03 ND 9 18E+07
Pr-144 3.52E+02 1 46E+02 1.79E+01 ND 8.24E+0] ND 5 06E-05
Nd-147 7.07E+03 8. 17E+03 4 89E+02 ND 4.77E+03 ND 3 92E+07
Eu-154 8.02E+06 9.86E+05 7.01E+05 ND 4 72E+06 ND 7 14E+08
' Hf-181 J01E+06 1. 46E+07 1 35E+06 ND 3. 14E+06 ND 1 66E+10

34
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ADULT PATHWAY DOSE FACTORS (R;) FOR RADIONUCLIDES OTHER THAN
NOBLE GASES

Grass-Cow-Milk Pathway

(m* mremy/yr) per (uCi/sec)

TOTAL

NUCLIDE BONE  LIVER  BODY  THYROID

H-3
Be-7

Cr-51
Mn-54

Fe-55
Fe-59
Co-57
Cw-58
Co<60

Zn-65
Rb-86

Sr-89
S$r-90
Y-90
Y 9Im
Y-91

2r-95
Nb-95
Ru-103

Ru-106
Ag-110m
Cd-109
Sn-113
Sb-124
Sb-125
Te-127m
Te-129m
[-130
[-131

ND
1.63E+03

ND
ND

2.51E+07

2.97E+07
ND
ND
ND

1.37E+09
ND

1 45E+09
4 68E+10
7.43E+02
0 00E+00
8 SOE+03

9 44E+02
9.65E+04
1.02E+03

2 04E+04
S 82E+07
ND
1.34E+08
2. 5TE+07
2 O4E+07
4 SRE+07
6 02E+07

4 21E+05
2 97E+08

7.63E+02
3.72E+03

ND
8 42E+06

1.74E+07
6.98E+07
1.28E+06
4.72E+06
1.64E+07

4.37E+09

2.60E+09

ND
ND
ND
ND
ND

3.03E+02
5.37E+04
ND

ND
5 39E+07
1 13E+06
3 RIE+06
4 ROGE+OS
2.28E+0S
1.64E+07
2.25E+07

1 24E+06
4 25E+08

7.63E+02
1.81E+03

2.B6E+04
1.61E+06

4.05E+06
2.68E+07
2 13E+06
1.06E+07
3.62E+07

1.97E+09
1.21E+09

4.17E+07
1.1SE+10
1.99E+01
0 00E+00
2. 30E+02

2.05E+02
2.89E+04
439E+02

2. 58E+03
J 20E+07
3 95E+04
7.73E+06
1 02E+07
4 BTE+0G
5 SRE+06
9 SIE+06

4 91E+05
243E+408

7.63E+02

E

1.71E+04

E

E6588 & & 58888

&

E

ND

ND

ND

ND
2 IBE+06
6 24E+04
2 O8E+04
1 17TE+07
207E+07

1 0SE+08
139E+11

KIDNEY

7.63E+02
3.93E+03

6.30E+03
2.50E+06

ND
ND
ND
ND

2.92E+09
ND

ND
ND
ND
ND
ND

4. 75E+02
5.31E+04
3 89E+03

3 94E+04

1 O6E+08

1 OBE+00
ND
ND
ND

| 86E+08

2 51E+08

1.94E+06
7.28E+08

LUNG

7.63E+02
ND

3.79E+04
ND

9 68E+06

1.95E+07
ND
ND
ND

&

CEEE:

ND

ND

ND

ND
ND
ND
ND

2 OVE+07

1 S8E+07
ND
ND

ND
ND

|

Gl-LLI

7.63E+02
6 45E+05

7.19E+06
2.58E+07

9 96E+06
2.33E+08
3.25E+07
9.56E+07
3.08E+08

2.75E+09
5.12E+08

2.33E+08
1.35E+09
7 87E+06
0 00E+00

4. 73E+06
9 59E+05
3.26E+08
1.19E+05

1 32E+06
2.20E+10
1 I4E+07
4 02E+08
731E+08
2 25E+08
| S4E+08
3 03E+08

1 07TE+06
1 12E+08
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ADULT PATHWAY DOSE FACTORS (R;) FOR RADIONUCLIDES OTHER THAN
NOBLE GASES

NUCLIDE

1-132
1-133
[ 1134

1-135

Cs-134
Cs-136
Cs-137

Ba-140
La-140
Ce-141

Ce-144
Pr-143

Pr-144
Nd-147
Eu-154
Hf-181

Grass-Cow-Milk Pathway

TOTAL

(m* mrem/yr) per (WCi/sec)

BONE  LIVER  BODY THYROID KIDNEY  LUNG  GLLLI

1.65E-01
3 88E+06
0.00E+00

1.29E+04
5. 65E+09
2.63E+08
7.38E+09

2.69E+07
4 14E+01
4 85E+03

3 58E+05
1.S8E+02

1.10E+00
942E+01
2.37E+04
1.42E+02

4 42E-01
6.7SE+06
0.00E+00

3.37E+04
1.35E+10
1.04E+09
1.01E+10

3.38E+04
2.09E+01
3 28E+03

1.50E+05
6.34E+01

4 58E-0I
1.09E+02
2.91E+03
6.92E+02

1.55E01
2.06E+06
0.00E+00

1.25E+04
1.10E+10
7 48E+08
6 61E+09

1.76E+06
5.51E+00
3.72E+02

1.92E+04
7.83E+00

5.61E-02
6.S1E+00
2.07E+03
6 41E+0]

6+

1.55E+01
9.92E+08
0.00E+00

2.23E+06

&8 5&% 588

CEEE

7.04E01
1.18E+07
0.00E+00

541E+04
4 35E+09
5.79E+08
3.43E+09

1.15E+04
ND
1.52E+03

8 8TE+04
3.66E+01

2.58E-01
6.36E+01
1.39E+04
1.49E+02

ND
ND
ND

ND
1 45E+09
7.93E+07
1. 14E+09

1.93E+04

58 &8

5888

8.30E-02
6.07E+06
0.00E+00

3 81E+04
2.35E+08
1. 18E+08
| 9SE+08

5 54E+07
1. S3E+06
1 25E+07

1 21E+08
6 92E+05

1. 59E-07
5.23E+05
2. 11E+06
7.87E+0S
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TABLE 3.4 (Cont'd)
ADULT PATHWAY DOSE FACTORS (R;) FOR RADIONUCLIDES OTHER THAN
NOBLE GASES
Grass-Goat-Milk Pathway
(m® mrem/yr) per (uCi/sec)
TOTAL

NUCLIDE BONE  LIVER  BODY THYROID KIDNEY LUNG  GlLLI

H-3 ND 1.56E+03 1.56E+03 1.56E+03 1.56E+03 1.56E+03 1.56E+03
Be-7 1.96E+02 | 447E+02 | 2.17E+02 ND 4.72E+02 ND 7.74E+04
Cr-51 ND ND 343E+03 2.05E+03 7.56E+02 4 56E+03 8 63E+05
Mn-54 ND 1.O1E+06 1.93E+05 ND 3.01E+0S ND 3 10E+06
Fe-55 3. 27E+05 2 26E+05 5 26E+04 ND ND 1.26E+05 1. 30E+05
Fe-59 3 87EH0S5 9.08E+05 J 48E+0S ND ND 2 54E+05 J03E+06
Co-57 ND 1.54E+05 2.56E+0S ND ND ND 3.90E+06
Co-58 ND S66E+05 | 1.27E+06 ND ND ND 1 ISE+07
Co<60 ND 1.97E+06 | 4.35E+06 NU ND ND 3 70E+07
Zn-65 1.65E+08 5.24E+08 2.37E+08 ND 3.51E+08 ND 3.30E+08
Rb-86 ND 3.12E+08 1.45E+08 ND ND ND 6.15E+07
Sr-89 J.05E+09 ND 8. 75E+07 ND ND ND 4 89E+08
Sr-90 9.84E+10 ND 241E+10 ND ND ND 2 B4E+09
Y-90 8 92E+01 ND 2.39E+00 ND ND ND 9.46E+0S
Y-9Im 0.00E+00 ND 0.00E+00 ND ND ND 0 O0E-0C
Y-91] 1 03E+03 ND 2. 76E+01 ND ND ND 5 68E+05
2r-95 1. 13E+02 3.63E+0] 246E+01 ND 5. 70E+01 ND | 1SE+0S
Nb-95 1. 16E+04 6 45E+03 3 47E+03 ND 6.37E+03 ND 3 91E+07
Ru-103 1.22E+02 ND 5 27TEHO0! ND 4 6TE+2 ND 1 43E+04
Ru-106 2 45E+03 ND 3 10E+02 ND 4 73E403 ND 1 S9E+05
Ag-110m 6 99E+06 6 4TE+O6 3 B4E+06 ND 1.27E+07 ND 2 64E+09
Cd-109 ND 1.36E+05 4 74E+03 ND 1.30E+05 ND 1 37E+06
Sn-113 1 61E+07 4 SRE+0S 9 28E+05 2 62E+0S ND ND 4 83E+07
Sh-124 3 09E+06 5 84E+04 1.23E+06 7.50E+03 ND 241E+06 8.78E+07
Sb-125 |  246E+00 2 74E+04 5 84E+0S5 2 50E+03 ND 1 89E+06 2.70E+07
Te-127m S SOE+06 1 97E+06 6 70E+05 1 41E+06 2.23E+07 ND | 84E+07
Te-129m 723E+06 | 2 70E+06 1 14E+06 248E+06 | 3 02E+07 ND 3 64E+07
1130 |  SOSE+OS 1 49E+06 5 88E+0S 1. 26E+08 2.32E+006 ND 1.28E+06
I-131 | 3 S6E+08 S 09E+08 2 92E+08 1.67E+11 B 72E+08 ND | 34E+08
1-132 | | YSEDO 5 29E01 1 8SE-0] 1 85E+01 8 43E0] ND 9 95E-02

37.




TABLE 3.4 (Cont'd)

ADULT PATHWAY DOSE FACTORS (R;) FOR RADIONUCLIDES OTHER THAN
NOBLE GASES

Grass-Goat-Milk Pathway
(m* mrem/yr) per (uCi/sec)

TOTAL
NUCLIDE BONE LIVER BODY THYROID KIDNEY LUNG Gl-LLI

I-133 4 65E+06 8.09E+06 | 2.47E+06 1. 19E+09 1 41E+07 ND | 7.27E+06
1-1%4 C.00E+00 0.00E+00 0.00E+00 0.00E+Q0 0.00E+00 ND | 0.00E+00

1-135 1. 54E+04 | 4 04E+04 49E+04 267E+06 | 648E+04 ND 4 57TE+04
Cs-134 1.70E+10 | 4.04E+10 30E+10 ND 1.31E+10 J4E+09 | 7.07E+08
Cs-136 791E+08 | 3.12E+09 25E+09 ND 1.74E+09 38E+08 | 3.55E+08
Cs-137 2.22E+10 | 3.03E+10 99E+10 ND 1.03E+10 3 42E+09 | 5 87E+08

Ba-140 |  3.23E+06 | 4.06E+03 | 2.12E+05 ND 1.38E+03 | 2.32E-+
La-140 | 9TE+00 2.51E+00 6.62E-01 ND ND ‘ ND
Ce-14] 5.82E+02 394E+02 | 4 46E+0! ND | .1.83E+02 | ND

Ce-144 JOE+04 | BOE+04 2.31E+03 ND { 1OTE+04 | ND { 1.45E+07
Pr-143 1. 90E+01 7.61E+00 9 40E-01 ND 4 39E+00 | ND | 83(E+04
Pr-144 1.33E-01 5.50E-02 6.74E-03 ND 3.10E-02 | ND | 91E-08
Nd-147 LI13E+O1 | 1.31E+0) 7.82E01 | ND 7.64E+00 ND | 6 28E+04
Eu-154 2.84E+03 3 49E+02 2.49E+02 ND 1.67E+03 ’ ND | 2 SIE+05

Hi-181 1.71E+01 | 831E+0I 7.70E+00 ND 1. 79E+0| ND 9. 46E+04
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TABLE 3.4 (Cont'd)
ADULT PATHWAY DOSE FACTORS (R;) FOR RADIONUCLIDES OTHER THAN
NOBLE GASES

Vegetation Pathway

(m* mrem/yr) per (nCi/sec)

TOTAL

NUCLIDE BONE  LIVER  BODY THYROID KIDNEY  LUNGC

H-3
Be-7

Cr-51
Mn-54

Fe-55
Fe-59
Cn-57
Co-58
Co-60

Zn65
Rb-86

Sr-89
Sr-90
Y-90
Y-91m
Y-91

Zr-98
Nb-95
Ru-103

Ru-106
Ag-110m
Cd-109
Sn-113
Sb-124
Sb-125
Te-127m
Te-129m

I-130
131

ND
9.24E+04

ND
ND

2.10E+08

1.26E+08
ND
ND
ND

3.17E+08

ND

9.97E+09
6.05E+11
7 6TE+0S
S 24E49
S 11E+06

1 17E+06

2 40E+05

4 TTE+06

1.93E+08
1.05E+07
0 00E +00
4 16E+08
1. O4E+O¥
1 37TE+O8
3 49E+08
251E+08

3 93E+08
8 OKE+07

2.26E+03
2.11E+05

ND
3.13E+08

1. 45E+08
2.96E+08
1.17E+07
3.07E+07
1 67E+08

1.01E+09
2.19E+08

ND
ND
ND
ND
ND

3.77E+05
1.34E+05
ND

ND
9 75E+06
8 36E+07
1 18E+07
1. 96E+06
1 53E+06
1. 25E408
9 IXE+07

1 16E+06
| 16E+08

2.26E+03
1.03E+05

4 64E+04
5.97E+07

3.38E+07
1.14E+08
1.95E+07
6 RIE+07
3.69E+08

4 56E+08
1.02E+08

2 86E+08
1 48E+11
2 06E+04
2.03E-10
1.37E+0S

2.55E+05
7. 19E+04
2 06E+06

2 44E+07
5 719E+06
2 92E+06
2 A0E+07
4 |1E+0)7
3.25E+07
4.26E+07
3 98E+07

4 STE+05
6 62E+07

2.26E+03

&

2.78E+04

&

55%%% 3 3 35333

&

ND

ND

ND

ND
6 75E+06
2 S1IE+OS
1.39E+05
8 92E+07
8 64E+07

9 81E+07
3 79E+10

.39.

2.26E+03
2.23E+05

1.02E+04
9.31EH07

ND
ND
ND
ND
ND

6.75E+08

ND

ND
ND
ND
ND
ND

5.91E+05

1.32E+05

1.82E+07

3.72E+08

1.92E+07

8 DOE+07
ND
ND
ND

1 42E+09

| OSE+0Y

| B1E+06
1 98E+08

2.26E+03
ND

6.16E+04
ND

8 08E+07
8 28E+07

&% & & 3338

ND
ND
ND

ND

ND

ND

ND
ND
ND
ND

B 07E+07

| OSE+08
ND
ND

ND
ND

Gl-LLI

| 2.26E+03
3.66E+07

117E+07
9.59E+08

8 31E+07
9 88E+08
2.97E+08
6.23E+08
3. 14E+09

6.36E+08
4 33E+07

1.60E+09
1. 75E+10
8 14E+09
| S4E-08
2 B1E+UY

1. 19E+09
8. 11E+08
5.5TE+08

1.25E+10
J 98E+09
8 43E+08
1 2SE+09
2 94E+09
| SOE+09
1 17E+09
| 27E+09

9 9TE+OS
3 05E+07
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ADULT PATHWAY DOSE FACTORS (R;) FOR RADIONUCLIDES OTHER THAN
NOBLE GASES

Vegetation Pathway

(m* mrem/yr) per (uCi/sec)
TOTAL
NUCLIDE BONE LIVER BODY THYROID  KIDNEY LUNG GlLLI
I-132 5.77E+01 1.54E+02 5 40E+01 5 40E+03 246E+02 ND 2.90E+01
1133 2.09E+06 3 63E+06 1.11E+06 5.33E+08 6.33E+06 ND 3.26E+06
I-134 9.69E-0S 2.63E-04 9 42E-05 4 56E-03 4 19E-04 ND 2.30E-07
1-135 3 90E+04 1. 02E+05 3.77E+04 6. 74AE+06 1.64E+0S ND 1. 15E+0S
Cs-134 4 6TE+09 I1IE+10 9.0BE+09 ND 31.59E+09 1.19E+09 1. 94E+08
Cs-136 4 27E+07 1.69E+08 1.21E+08 ND 9.38E+07 1.29E+07 1 91E+07
l Cs-137 6.36E+09 8 70E+09 5. 70E+09 ND 2.95E+09 981E+08 1 68E+08
Ba-140 1.29E+08 161E+0S 8. 42E+06 ND 5 49E+04 9.24E+04 2 65E+08
La-140 1.58E+04 7.98E+03 2. 11E+03 ND ND ND 5 86E+08
I Ce-141 1.97E+05 1.33E+05 1.S1E+04 ND 6. 19E+04 ND 5 10E+08
Ce-144 3.29E+07 1.38E+07 1. 77E+06 ND 8 16E+06 ND 1 11E+10
Pr-143 6.26E+04 2.51E+04 3.10E+03 ND 1.45E+04 ND 2. 74E+08
Pr-144 2.03E+03 8 43E+02 1.03E+02 ND 4.75E+02 ND 2.92E-04
Nd-147 3.33E+04 3 85E+04 231E+03 ND 2.25E+04 ND 1. 85E+08
Eu-154 4 85E+07 5 9TE+06 4 25E+06 ND 2.86E+07 ND 4 32E+09
l HI-181 1 40E+05 6 82E+05 6 32E+04 ND 1 47E+05 ND 7 76E+08
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DOSE AND DOSE COMMITMENT FROM URANIUM FUEL CYCLE SQURCES
CALCULATION OF DOSE AND DOSE COMMITMENT FROM URANIUM FUEL CYCLE
SQURCES

The annual dose or dose commitment to a MEMBER OF THE PUBLIC for Uranium Fuel Cycle
Sources is determined as.

a Dose to the total body and internal organs due 1o gamma ray exposure from submersion 1o a
cloud of radicactive noble gases, ground plane exposure, and direct radiation from the Unit
and outside storage tanks,

b. Dose 10 skin due to beta radiation from submersion in a clud of radioactive noble gases, and
ground plane exposure,
Thyroid dose due to inhalation and ingestion of radioiodines, and

d Organ dose due to inhalation and ingestin of radioactive material

It is assumed that total body dose from sources of gamma radiation irradiates internal bod
organs at the same numerical rate. (Ref 11.12.5)

The dose from gaseous effluents is considered 1o be the summation of the dose at the individual's
residence and the dose to the individual from activities within the SITE BOUNDARY

Since the doses via liquid releases are very conservatively evaluated, there is reasonable assurance
that no real individual will receive a significant dose from radioactive liquid release pathways
Therefore, only doses to individuals via airborne pathways and doses resulting from direct radiation
are considered in determining compliance to 40 CFR 190 (Ref 11.12.3).

There are no other Uranium Fuel Cycle Sources within 8km of the Callaway Plani

Identification of the MEMBER OF THE PUBLIC

The MEMBER OF THE PUBLIC is considered to be a real individual, including all persons not
occupationally associated with the Callaway Plant, but who ., y use portions of the plant site for
recreational or other purposes not associated with the plant (Re” 11 4 and 11 8 10) Accordingly,
is necessary to characterize this individual with respect to his u. ilization of areas both within and at
or beyond the SITE BOUNDARY and identify, as far as possible  major assumpuons which could be
recvaluated if necessary to demonstrate continued compliance with 40 CFR 190 through the use of
more realistic assumptions (Ref. 11.12.3and 11.12.4)

The evaluation of Total Dose from the Uranium Fuel Cycle should «onsider the dose to twe © ntical
Receptors: a) The Nearest Resident, and b) The Critical Receptor within the SITE BOUNDARY

Total Dose to the Nearest Resident

The dose to the Nearest Resident is due to plume exposure from noble guses, ground plane exposure.
ard inhalation and ingestion pathways It is conservatively assumed that =ach ingestion pathway
(mcat, milk, and vegetation) exists at the Iocation of the Nearest Resident

It 1s assumed that direct radiation dosc from operation of the Unit and outside storage tanks, and
dose from gascous effluents due to acuvities within the SITE BOUNDARY . 15 negligible for the
Nearest Resident. The total Dose from the Uranium Fuel Cycle to the Nearest Resident 1s calculated
using the methodology discussed in Section 3, using concurrent meteorological data for the location
of the Nearest Resident with the highest value of X/Q

The location of the Nearest Resident in cach metcorological sector 1s determined from the Annual
Land Usc Census conducted in accordance with the Requirements of REC 9 12 1 |
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413 Total Dose to the Critical Receptor Within the SITE BOUNDARY

The Union Electric Company has entered into an agreement with the State of Missourt Depanment
of Conservation for management of the residual lands surrounding the Callaway Plant, including
some areas within the SITE BOUNDARY. Under the terms of this agreement, certain areas have
been opened to the public for low intensity recreational uses (hunung, hiking, sightseeing, etc ) but
recreational use is excluded in an area immediately surrounding the plant site (refer to Figure 4 1)
Much of the residual lands within the SITE BOUNDARY are lcased 1o area farmers by the
Department of Conservation to provide income to support management and development costs
Activities conducted under these leases are primanily comprised of farming (anumal feed), grazing.
and forestry (Ref. 11.7.2, 11.7.3, 11.13, and 11.13.1).

Based on the utilization of areas within the SITE BOUNDARY, it is reasonable to assume that the
critical receptor within the SITE BOUNDARY is a farmer, and that his dose from activities within
the SITE BOUNDARY is due to exposure incurred while conducting his farming actuivities. The
current tenant has esumated that he spends approximately 1100 hours per year working in thus area
(Ref. 11.5.5). Occupancy of areas within the SITE BOUNDARY is assumed to be averaged ver a
period of one year.

Any reevaluation of assumptions should include a reevaluation of the occupancy period at the
locations of real exposure (¢.g. a real individual would not simultaneously exist at each point of
maximum exposure).

4131 er from Effluen

The Total Dose to the farmer from gaseous effluents is calculated for the adult age group using the
methodology discussed in Section 3, utilizing concurrent meteorological data at the farmer's
residence and historical metecrological data from Table 6.1 for activities within the SITE

) BOUNDARY. These dispersion parameters were calculated by assuming that the farmer's time is
equally distributed over the areas farmed within the SITE BOUNDARY, and already have the total
occupancy of 1100 hours/year factored into their value (Ref 11.5.6)

The residence of the current tenant is located at a distance of 3830 meters in the SE saclor. No meat
or milk animals or vegetable gardens were identified by the latest Land Use Census for thus location.
therefore, the gaseous effluents dose at the farmer's residence is due to plume exposure from Noble
Gases and the ground plane and inhalation pathways. For conservausm, it is acceptable (o assume
that the ingestion pathways exist at this location

1i 1s assumed that food ingestion pathways do not exist within the SITE BOUNDARY, therefore the
gaseous effluents dose within the SITE BOUNDARY is due to plirme exposure from Noble Gases
and the ground plane and inhalation pathways.

41311 ir diation Dose fr ide e Tank

The Refueling Water Storage Tank (RWST) has the highest potential for receiving significant
amounts of radioactive matenals, and constitutes the only potentially significant source of direct
radiation dose from outside storage tanks to a MEMBER OF THE PUBLIC (Ref 116 14, 11615,
11616and 11617)

Direct radiation dose from the RWST 10 a MEMBER OF THE PUBLIC s determined at the nearest
point of the Owner Controlled Area fence which is not obscured by significant plant structures.
which is 450 meters from the RWST

The RWST 1s a nght circular cylinder approximately 12 meters in diameter, 14 meters in height
with a capacity of approxiraizly 1,514,000 liters (Ref 11.6.17) The walls are of type 304 staini:ss
steel and have an average thickness of 87 cm (Ref 11.14.1)

The direct radiation dose from the RWST is calculated based on the tank's average isotopic content
and the parameters discussed above, considering buildup and attenuation within the volume source
Appropriatc methodology for calculaung the dose rate from a volume source is given n TID-7004,
"Fcactor Shielding Design Manual” (Ref 11.17). The computer progra:n ISOSHLD (Ref 11 18,
11.19 and 11.20) wili normally be utihized to perform thus calculation
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The maximum direct radiation dose from the Unit to a MEMBER OF THE PUBLIZ has been
determined to be 7E-2 mrads/calendar year, based on a point source of primary coolant N-16 in the
steam generators, This source term was then projecied onto the inside surface of the containmeni
dome, taking credit for shielding provided by the containment dome and for distance attenuauon
No credit was allowed for shielding by other structures or components withun the Contarnment
Building. The number of gammas per second was generated and then converted (0 a dose rale al the
given distance by use of ANSVANS-6.6.1, "Calculation and Measurement of Direct and Scatered
Gamma Radiation from LWR Nuclear Power Plant 1979", which considers attenuation and bu:ldup
in air The final value is based on one unit operating at 100% Power. The distance was determined
to be 167 meters, which is approximately the closest point of the boundary of the Owner Controlled
Area fence which is not obscured by significant plant structures (Ref 11.14.3).

The maximum direct radiation dose from the Unit to the farmer is thus approximately 9E-3 mrads
per year, assuming a maximum occupancy of 1100 hours per year.

[ Radiation Doss F On-Site S Of Low Level Radicactive ¥

The on-site storage area for radioactive wastes is located Plant Southwest of the radwaste building
and consists of a concrete pad enclosed by a fence. The storage area is bounded on two sides by the
radwaste building. The area is also partially bounded on a third side by the Discharge monitonng
tanks dike system. The radioactive wastes are stored in this area using high integnty containers
(HIC) inside Onsite Storage Containers (OSC) and LSA type storage containers. The HIC has the

highest potential for containing significant amounts of radioactive material, and consututes the only
potentially significant source of direct radiation from on-site radioactive waste storage

Direct radiation dose from the HICs to a MEMBER OF THE PUBLIC is determined al the neares!
point of the Owner Controlled Area fence which is not obscured by significant plant structures

The HICs typically are right circular cylinders approximately 1.7 meters in diameter and | 8 meters
in height. The HICs are stored inside OSCs which typically are constructed of concrete with
additional shielding as necessary to minimize external doses. The individual parameters (2. g,
dimensions, shielding material, etc.) for each OSC will be accounted for in the calculations

The direct radiation dose from the On-Site Storage area is the summaton of the individual
calculated HIC doses based on the HIC isotopic contents and the OSC design parameters,
considering buildup, attenuation, and shielding Appropnate methodology for calculating the dose
rate is given in Safety Analysis Calculatuons ZZ-293 and ZZ-310. The compuler program
MICROSHIELD (Ref. 11.24) will normally be utilized to perform this calculation
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RADIOLOGICAL ENVIRONMENTAL MONITORING
N OF N NME NITORING PROGRAM

The Radiclogical Environmental Monitoring Program is intended to act as a background data base
for preoperation and to supplement the radiological effluent release monitoring program duning plant
operation. Radiation cxposure to the public from the various specific pathways and direct radiation
can be adequately evaluated by this program.

Some deviations from the sampling frequency may be necessary due to seasonal unavailability,
hazardous conditions, or other legitimate reasons. Efforts are made to obtaiu all required samples
within the required ume frame. Any deviation(s) in sampling frequency or location 1s documented
in the Annual Radioiogical Environmental Operaung Report

Sampling, reporting, and analytical requirements are given in Tables 9.11-A, 9.11-B. and 9.11-C

Airborne, waterborne, and ingestion samples collected under the monitoring program are analyzed
by an independent, third-party laboratory. This laboratory is required to participate in the
Environmental Protecion Agency's (EPA) Environmental Radioactivity Laboratory Intercompanson
Studies (Crosscheck) Program or an equivalent program. Participauon includes all of the
determinations (sample medium - radionuclide combination) that are offered by the EPA and that are
also included in the monitoring progran.

PERFORMANCE TESTING OF ENVIRONMENTAL THERMOLUMINESCENCE DOSIMETERS

Thermoluminescence Detectors (TLD's) used in the Environmental Monitoring Program are tested
for accuracy and precision to demonstraie compliance with Regulatory Guide 4 13 (Rel 11.16)

Energy dependence is tested at several energies between 30keV and 3MeV corresponding to the
approximate energies of the predomunant Noble Gases (80, 160, 200 keV), Cs-137 (662 keV), Co-60
(1225 keV), and at least one energy less than 80 keV  Other tesung is performed relative o either
Cs-137 or Co-60. (Ref. 11.14.10)
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RETERMINATION OF ANNUAL AVERAGE AND SHORT TERM ATMOSPHERIC
DISPERSION PARAMETERS

ATMOSPHERIC DISPERSION PARAMETERS

The values presented in Table 6.1 and Table 6.2 were determined through the analysis of on-site
meteorological data collected during the three year period of May 4, 1973 to May 5, 1975 and March
16, 1978 to March 16, 1979,

Lona-Ter Di fon Eaii
The variable trajectory plume segment atmospheric transport model MESODIF-11 (NUREG/-CR-
0523) and the straight-line Gaussian dispersion model XOQDOQ (NUREG/CR2919) were used for
determination of the long-term atmospheric dispersion parameters. A more detailed discussion of
the methodology and data utilized to calculate these parameters can be found elsewhere (Ref
11.6.12).

The Unit Vent and Radwaste Building Vent releases are at elevations of 66.5 meters and 20 meters
above grade, respectively. Both release points are within the building wake of the structures on
which (' iey are located, and the unit Vent is equipped with a rain cover which effecuvely eliminates
the possibility of the exit velocity exceeding five times the horizontal wind speed. All gaseous
releases are thus considered to be ground-level releases, and therefore no mixed mode or clevated
release dispersion parameters were determined (Ref. 11.5.2).

Determination of Long-Term Dispersion Estimates for Special Receptor Locations
Calculations utilizing the PUFF model were performed for 22 standard distances 1o obtain the

desired dispersion parameters. Dispersion parameters at the SITE BOUNDARY and at special
receptor locations were estimated by logarithmic interpolation according to (Ref 11.6.13)

X=X, (dg)  ©1)

Where:

B=In (Xy/X,)/In(d;/d,).
X, Xy = Atmospheric dispersion parameters at distance d; and d;, respectively, from the
source.

The distances d| and dy were selected such that they sausfy the relauonship
dy<d<d;
Short Term Dispersion Estimates

Airborne releases are classified as short term if they are less than or equal to 500 hours during a
calendar year and not more than 150 hours in any quarter. Short tenn dispersior. estimates are
determined by multiplying the appropriate long term dispersion estimate by a correction factor (Ref
1191and 11.15.1)

F=(T,/T,)° (6.2)
Where

Tg =  The total number of hours of the short term release

T, =  Thetotal number of hours in the data collection period from which the long term
diffusion estimate was determined (Refer to Section 6.1)

Values of the slope factor (S), are presented in Table 6.3

Short term dispersion esumates are not applicable to short term releases which are sufficiently
random in bo'h tiine of day and duration (¢ g, the short term release peniods are not dependent
solely on atmospheric conditions or ime of day) to be represented by the annual as crage dispersion
conditions (Ref 118.1)
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f lope F

The general approach employed by subroutine PURGE of XOQDOQ (Ref 1115 1) was utilized 10
produce values of the slope of the (X/Q) curves for both the Radwaste Building Vent and the Unit
Vent. However, instead of using approximation procedures to produce the 15 percentile (X/Q)
values, the 15 percentile (X/Q) value for each release and at each locauon was determined by
ranking all the 1-hour((X/Q)) values for that release and at that locauon in descending order. The
(X/Q)| value which corresponded to the 15 percentile of all the calculated (X/Q) values withun a
sector was extracted for use in the intermittent release (X/Q) calculation

The intermittent release (X/Q) curve was constructed using the calculated 15 percenule (X/Q)| and
its corresponding annual average (X/Q),. A graphic representation of how the computational
procedure works is illustrated by Figure 4 8 of reference 11.15.1. The straight line connecting these
points represents (X/Q); values for intermitient releases. ranging in durauon from one hour to 8760
hours. The slope (S) of the curve is expressed as:

-log ((x/Q), /(X/Q),)

8» (6.3)
log (T, /T,)
or
log (X/Q), - log(X/Q)
3 {iog (X/Q), - log(X/Q),) v
log T, -log T,
heric Dispersion ters for Farmi withi ARY

The dispersion parameters for farming areas within the SITE BOUNDARY are intended for a
narrow scope application: That of calculating the dose to the current farmer from gaseous effluents
while he conducts farming activities within the SITE BOUNDARY.

For the purpose of these calculations, it was assumed that all of the farmer's time, approxumately
1100 hours per year, is spent on croplands within the SITE BOUNDARY, and that his ume is
divided evenly over all of the croplands. Fractional acreage/time - weighted dispersion parameters
were calculated for each plot as described in reference 11.5.6. The weighted dispersion parameters
for each plot were then summed (according to type) in order 1o producs a composite value of the
dispersion parameters which are presented in Tables 6.1 and 6.2. These dispersion paramelers
therefore represent the distributed activities of the farmer within the SITE BOUNDARY and *.s
estimated occupancy period :

M R ICAL DATA PROCESSING

The annual atmosphenic dispersion parameters utilized in the iuon of doses for demonstrauon
of compliance with the numerical dose objectives of 10 CFR § endix 1, are determuned using
computer codes and models consistent with XOQDOQ (Ref. | I'hese codes have been validated
and verified by a qualificd meteorologist prior to implementat Aultiple sensors are uulized 10

ensure 90% valid data recovery for the wind speed, wind direction, and ambient air temperature
parameters as required by Regulatory Guide 1.23. The selection hicrarchy is presented in Table 6.5
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TABLE 6.1

HIGHEST ANNUAL AVERAGE ATMOSPHERIC DISPERSION PARAMETE

RS (a)

UNIT VENT

DISTANCE xXQ XQ
(METERS) DECAYED DECAYEDV
UNDEPLETED DEPLETED
T T A ey A e - s o TR S8

DQ

bamces —hpai 3 Ty _mwv—-... S

{m*)

1
(sec/'m™ )

Values given are from FSAR Table 2 3.82

Data from 1993 Land Use Census

alues denived from FSAR Table 2 3-83, using the meth sdology presented in Fquation (6 1} (Ref 11 96

\ll p

sthways are assumed to exan st the location of tie pearest resident

These values were derived for 3 narrow « ope apph

aton Extremne caution should be exercised when determining their suntability for use in other applications

iine <}

R ape Parameter 1C) =0 S (Ref 11 53y

Vertical Height of Highest Adiacent Building (V) = 66 4% meter
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TABLE 6.2
HIGHEST ANNUAL AVERAGE ATMOSPHERIC DISPERSION PARAMETERS (a)
RADWASTE BUILDING VENT
DISTANCE XQ XQ
LOCATION (%) SECTOR (METERS) XQ DECAYEDY DFCAYED/ DQ
UNDEPLETED
~ L S S T . TR N Bibech v o oo e A M mw- S atates T e ‘—,9 -
(sec’mj) (wc'mj)
SITE BOUNDARY NNW 2200 13E$ 13E%6
Nearest Reaidence (¢) (d) NNW 2864 87E7 R7E-Y 72E7 26E9
Farmer's Residence SE 3830 J0E-7 30E-7 24E7 11E-9
Farmung Areas Within N/A N/A 19E7 29E-7 26E7 iiE9
Site Boundary (c) {e)
(2 Values given are from FSAR Table 2 3-84
h) Date from 1993 Land Use Census
i) Values denved from FSAR Table 2 3-81, using the methodology preserted in Equation (6.1) (Ref 1156}
{d) All pathways are sesumed 10 exist at the locstion of the nearest resdent
(e} These values were denved for & narrow scope apphication  Extreme caution should be exercised when determining their suitability for use in other applications
Building Shape Parameter (C) = 0 5 (Ref 1143}
Vertical Hewght of Highest Adjacent Puilding (V) = 19 96 meters (Ref 11.513)
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SHORT TERM DISPERSION PARAMETERS (a) (c)

Location (b) Distance

Site Boundary

Nearest Residence (d)

Reference 11.5.3
Data from 1993 Land Use Census
(¢) Recirculation Factor = 1 .0

(d) All pathways are assumed to exist at the location of the nearest resident

Slope Factor(s)

Unit Vent

Radwaste

Building Vent




DOSE PATHWAY

Noble Gas, Beta Asr

Noble Gas, Gamma Air

Noble Gas, Total Body

Noble Gas, Skin

Ground Plane Deposition

inhalation

Vepetation
Mulk

Meat

TABLE 6.4

APPLICATION OF ATMOSPHERIC DISPERSION PARAMETERS

DISPERSION PARAMETER

x/Q, decayed/undeplcted
(2 26 day halflife)

/Q, decayed/undcepleted
(2 26 day halfliic)

x/(}, decayed/undepleted
(2.26 day halflife)

VQ, decayed/undepleted
(2.26 day halilifc)

D/Q

x/Q, decayved/depleted
(8 dav halflife)

D/Q*
D/Q*

D/Q*

I * For H-3 WO, de aved/depleted is used instead of D/Q (Ref 11.11.1)

5]-

Child

Child

Child

Chald

REC

97

96

96

98

98
96

98
98

98
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CONTROLLING LOCATION

Site Boundary

Site Boundary

Site Boundarv

Site Boundary

Nearest Resident

Nearest Resident
Site Boundary

Ncarest Resident
Nearest Resident

Nearest Res:dent
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METEORQLOGICAL DATA SELECTION HIEARCHY
Parameter Primary First Second Third

Alternate Alternate Alternate
Wind Speed 10m Pri 10m Sec 60m Pri 90m Pri
Wind Direction 10m Pn 10m Sec 60m Pri 90m Pni
Air Temperature 10m Pri 10m Sec
Wind Vanability  10m Pri 10m Sec 60m Pri 90m Pri
Temp Different 60-10m Pri 90-10m Pri 90-60 Pri
Dew Point 10m Pri
Precipitation ImPri

{a) Priindicates primary tower

(b) Sec indicates secondary tower
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1 TIN RT (CTSN 2804

Routine Annual Radiological Environmental Operating Report covering the operation of the unit
during the previous calendar year shall be submitied prior to May 1 of each year.

The Annual Radiological Environmental Operating Report shall include summaries, interpretations.
and an analysis of trends of the results of the radiological environmental surveillance actviues for
the report period, including a comparison with preoperational studies, with operational controls and
with previous environmental surveillance reports, and an assessment of the observed impacts of the
plant operation on the environment.

The reports shall include the results of Land Use Census required by REC 9 12, It shall also include
a listing of new locations for environm.ntal moniioring idenufied by the Land Use Census pursuant
toREC 9.12.1.

The Annual Radiological Environmental Operating Report shall include the results of analysis of all
radiological environmental samples and of all environmental radiation measurements taken dunng
the period pursuant to the ODCM, as well as summarized tabulated results of these analyses and
measurements in the format of the table in the Radiological Assessment Branch Technical Position,
Revision 1, November 1979. In the event that some individual results are not available for inclusion
with the report, the report shall be submitted noting and explaining the reasons for the missing
results. The missing data shall be submitted as soon as possible in a supplementary repon

The reports shali also include the following: a summary descnipuon of the radiological
environmental monitoring program; at least two legible maps’ covering all sampling locations keved
10 a table giving distances and directions from the centerline of one reactor. the results of licensee
participation in the Interlaboratory Comparison Program and the corrective acuon being taken if the
spacified program is not being performed as required by 9.13.1; reasons for not conducung the
Radiological Environmental Monitoring Program as required by 9.11.1 and discussion of all
deviations from the sampling schedule of Table 9.11-A, discussion of environmental sample
measurements that exceed the reporting levels of Table 9.11-B, but are not the result of the plant
effluents, pursuant to 9.11.1; and discussion of all analyses in which the LLD required by Table
9.11-C was not achievable.

ANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT (CTSN 2805)

Routine Annual Radioactive Effluent Release Reports covening the operation of the unit dunng the
previous calendar year shall be submitted pnor to May | of each year

The Annual Radioacuve Effluent Release Report shall include a summary of the quanutes of
radioactive liquid and gaseous effluents released from the unit as outlined 1n Regulatory Guide 1.21,
"Measuring, Evaluating, and Reporting Radioactivity in Solid Wastes and Releases Gaseous
Effluents from Light-Water-Cooled Nuclear Power Plants, "Revision 1, June 1974, with data
summarized on a quanterly basis following the format of Appendix B thereof.

The Annual Radioactive Effluent Release Report shall include an annual summary of hourly
meteorological data collected over the previous calender year. Thus annual summary may be either
in the form of an hour-by-hour listing on magneuc tape of wind speed, wind direction. atmosphenc
stability, and precipitauon (if measured), of in the form of joint frequency distnbution of wind speed.
wind direction, and atmospheric stability

* One map shall cover stations near the SITE BOUNDARY, a second shall include the more distant stations

In bieu of submussion with the Annual Radicactive Effluent Release Report, Union Electne has the option of retaining tus
summary of required meteorological data on site in & file that shall be provided to the NRC upon request
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This report shall also include an assessment of the radiation doses due to the radioactive liquid and
gaseous effiuents relcased from the unit during the previous calendar year. This report shall also
include an assessment of the radiation doses from radicactive liquid and gaseous effluents to
MEMBERS OF THE PUBLIC due to their activities inside the SITE BOUNDARY (Technical
Specifications, Figures 5.1-3 and 5.1-4) during the report period using historical average
atmospheric conditions. All assumptions used in making these assessments, i.¢., specific acuvily,
exposure time and location, shall be included in these reports. The meteorological conditions
concurrent with the time of release of radioactive matenials in gaseous effluents, as determined by
sampling frequency and measurement, shall be used for determining the gaseous pathway doses
Assessment of radiation doses shall be performed in accordance with the methodology and
parameters in the OFFSITE DOSE CALCULATION MANUAL (ODCM).

The Annual Radioactive Effluent Release Report shall include an assessment of radiation doses to
the most likely exposed MEMBER OF THE PUBLIC from reactor releases and other nearby
uranium fuel cycle sources, including doses from primary effluent pathways and direct radiation, for
the previous calendar year to show conforman:e with 40 CFR Part 190, "Environmental Radiation
Protection Standards for Nuclear Power Operation * Doses to the MEMBER OF THE PUBLIC shall
be calculated using the methodology and parameters of the ODCM.

The Annual Radioactive Effluent Release Reports shall include a list and description of unplanned
releases from the site to UNRESTRICTED AREAS of radioactive materials in gaseous and liquid
effiuents made during the reporting period.

The Annual Radioactive Effluent Relcase Reports shall include a summary description of any major
changes made during the year to any Liquid or Gaseous Treatment Systems, pursuant to

Section 10.1. It shall also include a listing of new locations for dose calculations identified by the
Land Use Census pursuant to REC 9.12.1.

Reporting requirements for changes to Solid Waste Treatment Systems is addressed in
APA-ZZ-01011, PROCESS CONTROL PROGRAM (PCP).

The Annual Radioactive Effluent Release Reports shall also include the following information. An
explanation as to why the inoperability of liquid or gaseous effluent monitoring instrumentation was
not corrected within the time specified, and a description o1 the events leading the liquid holdup
tanks or gas storage tanks exceeding the limits of Technica) Specification 3.11.140r3 1126

The Annual Radioactive Effluent Release Reports shall include as part of or submitted concurrent
with, a complete and legible copy of all revisions of the ODCM that occurred during the year
pursuant of Technical Specification 6.14. -

Solid Waste reporting is addressed in APA-ZZ-01011, PROCESS CONTROL PROGRAM (PCP)
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IMPLEMENTATION OF ODCM METHODOLOGY (CTSN 2791)

The ODCM provides the mathematical relationships used to implement the Radioacuve Effluent
Controls. For routine efMuent release and dose assessment, computer codes are ulilized 1o implement
the ODCM methodologies. These codes are evaluated in accordance with the requirements of
HDP-ZZ-04500, “Rad/Chem Computer Systems Conduct of Operations”, to ensure that they produce
results consistent with the methodologies presented in the ODCM. Procedures which impiemeni the
ODCM methodology are contained in the Plant Operating Manual

.55.



RADIOACTIVE EFFLUENT CX

The terms in this section that appear in capitalized type are defined in Technical
Specifications

All frequency notations are per Table 1.1 of Technical Specifications

Compliance with the Controls contained in the succeeding Controls is required during the
OPERATIONAL MODES or other conditions specified therein, except that upon failure to meet the
Control, the associated ACTION requirements shall be met

Noncompliance with a Control shall exist when the requirements of the Control and associated
ACTION requirements are not met within the specified ume intervals. If the Control is restored
prior to expiraton of the specified time intervals, completion of the ACTION requirements is not
required
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RADIOACTIVE LIQUID EFFLUETN MONITORING INSTRUMENTATION
REC 9.1 has been relocated to Section 16.3.3.6 of the FSAR.

The following should be used to cross-reference REC 9.1 surveillances 1o the appropriate section of
the FSAR:

9.2

Monitor REC Number FSAR Section Type
HB-RE-18 912.1-la 16.3.36.1-1.a Liquid rad monitor
BM-RE-52 9.1.2.1-1b 16.3.36.1-1b Liquid rad monitor

HB-FE-2017 9.121-2.a 16.3.36.1-2.a Flow element
BM-FE-0054 9.1.2.1-2b 16336.1-2b Flow element
FE-DB-1006, 1101 9.1.2.1-2¢ 163.36.1-2¢ Flow element

RADIQACTIVE GASEQUS EFFLUENT MONITORING INSTRUMENTATION
REC 9.2 has been relocated to Section 16.3.3.7B of the FSAR.

The following should be used to cross-reference REC 9.2 surveillances to the appropriate section of

the FSAR

Monitor

Unit Vent
GT-RE-21B
GT-RE-21A & B
GT-RE-2IA & B
GT-RE-21A & B
GT-RE-21A & B

Containment Purge
GT-RE-22
GT-RE-33
GT-RE-22
GT-RE-33
GT-RE-22
GT-RE-33
GT-RE-22
GT-RE-33
GT-RE-22
GT-RE-33

REC Number

9221-la
9.221-1¢
92.2.1-1b
9221-1d
9.22.1-le
92212a
9.22.1-2¢
9.221-2b

9221)-2d

9221-2¢

Radwase Building Ventillation

GH-RE-10B

GH-RE-10A & B
GH-RE-10A & B
GH-RE-10A & B

GH-RE-10A & B

9221-3a
922.1-3¢
9.221-3b
9221-3d

92213

2%,

FSAR Section

16.33.7b.1-1.a
16.3.3.7b.1-1¢
16.33.7b.1-1.b
16.33.7b.1-1d
16.3.3.7b.1-1¢
1633.7b.1-2.2
1633.7b.1-2.¢
16.3.3.7b.1-2b
16337.1-2d
1633.7b.1-2.e
1633.70.1-3.a
1633.7b.1-3¢

1633 7b.1-3b
1633 7b.1-3d

16337 1-3¢

Type

Gas

lodine sampler
Particulate sampler
Unit Vent flow rate

Particulate and Radioiodine
Sampler flow rate Monutor

Gas
lodine sampler
Paruculate sampler

Containment purge flow
rate

Partuiculate and Radioacuve
Sampler flow rate Monitor

Gas

lodine sampler

Particulate sampler
Radwaste Building Vent
Flow rate

Paruculaic and Radioactive
Sampler flow rate Monitor



93
931
93.1.1

932
9.3.21

9.3.22
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LIQUID EFFLUENTS CONCENTRATION

Controls (CTSN 41834)

The concentration of radicactive matenal released in hquid efMluents to UNRESTRICTED AREAS
(see Technical Specifications, Figure 5.1-4) shall be limited to the concentration specified in 10 CFR
Part 20.1-20.601, Appendix B, Table II, Column 2, for radionuclides other than dissolved or
entrained noble gases. For dissolved or entrained noble gases, the concentration shall be limited 1o 2
x 10 microCune/ml total activity.) (CTSN 4160)

APPLICABILITY: Atall times.
ACTION:
a With the concentration of radicactive matenal released in liquid effluents to

UNRESTRICTED AREAS exceeding the above limits, immediately restore the
concentration to within the above limits.

b. The provisions of Technical Specifications 3.0.3 and 3.0 4 are not applicable

ill ] n
Radioactive liquid wastes shall be sampled and analyzed according 1o the sampling and analysis
program of Table 9.3-A.

The results of the radioactivity analysis shall be used in accordance with the methodology and
parameters in the ODCM to assure that the concentrations at the point of release are maintained
within the limits of REC 9.3.1.1.
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TABLE 9.3-A
RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

© SAMPLING MINTMUM TYPE OF LOWER LIMIT
 FREQUENCY() ANALYSIS ACTIVITY OF DETECTION
S oo pequENCY ANALYSIS {LLD) (1)
R A g % : uCml)
P Pruncipal ?cnm
Each Barzh Evitiers (7 sx10”7
1131 I x 10%6
s Dascharge Dissolved and Ix10°
Morutor Entrained Gases
Tank (Garuma Enutles)
P
Each Baich H-3 Ix10°
M Gross Alpha 1x10°7
Cmrpouu“)
Q $r-89, §r-90 sx10°8
Compoulz(‘)
Fe-5$ 1x10%
2. Continuoys Daily Principal Gamma $x10”7
Releases Emitiers(?)
1-13] 121070
Steam Dissolved and 1x10"3
Generator Entrained Gases
Blowdown (Gamma Emutiers)
Daily®)
Grab Sample H-3 1x10°3
M Gross Alpha ix10°7
Cum(-m\:“)
Q $r-89, $r-90 sx10°8
Comyp wite(4)
Fe.88 Ix10°®
-59.



TAELE 9.3-A (Cont'd)

ABLE NOTATIONS

The LLD is described in Attachment |

A batch release is the discharge of liquid wastes of a discrete volume. Prior to sampling
for analyses, each batch shall be isolated, and then thoroughly mixed a method descnbed in

the ODCM to assure representative sampling

The principal gamma emitters for which the LLD control applies include the following
radionuclides: Mn-54, Fe-59, Co-58, Zn-65, Mo-99, Cs-134, Cs-137, Ce-141, and Ce-144
This list does not mean that only these nuclides are (o be considered. Other gamma peaks
that are identifiable, together with those of the above nuclides, shall also be analyzed and
reported in the Annual Radioactive Effluent Release Report pursuant 1o Technical
Specification 6.9.1.7, in the format outlined in Regulatory Guide 1 21, Appendix B,
Revision 1, June 1974

A composite sample is one in which the quantity of liquid sampled is proportional to the
quantity of liquid waste discharged and in which the method of sampling employed results
in a specium that is representative of the liquids released. Prior to analysis, all samples
taken for the composite shall be thor<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>