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SURRY POWER STATION

OFFSITE DOSE CALCULATION MANUAL

PR T

REFERENCES :
1. Surry Power Station Technical Specifications.

2. Regulatory Guide 1.109, "Calculation of Annual Doses to Man from Routine
Releases of Reactor Effluents for the Purpose of Evaluating Compliance
with 10 CFR Part 50, Appendix I," Rev. 1, U.S. Nuclear Regulatory
Commission, October 1977.

3. Regulatory Guide 1.111, "Methods for Estimating Atmospheric Transport and
Dispersion of Gaseous Effluents in Routine Releases from Light - Water -
Cooled Reactors," Rev. 1, U.S. Nuclear Regulatory Commission, July 1977.

4. U.S. Nuclear Regulatory Commission, "Preparation of Radiological Effluent
Technical Specifications for Nuclear Power Plants," NUREG-0133, October
1978.

5. U.S. Nuclear Regulatory Commission, "XOQDOQ, Program for the Meteorologi-
cal Evaluation of Routine Effluent Releases at Nuclear Power Stations,"
NUREG-O324, September 1977.

6. U.S. Nuclear ‘Regulatory Commission, "User's Guide to GASPAR Code,"
NUREG-0597, June 1980. ' -'

7. Surry Power Station Radioactive Release Reports for 1976, 1977, 1978,
1979, 1980, and 1981.

8. Virginia Electric and Power Companv, Surry Power Station, Units 1 and 2,
" Updated Final Safety Analysis Report.

IMPLEMENTATION:

The provisions in the Surry Offsite Dose Calculation Manual will be
implemented upon approval of the Surry Power Station Radiological Effluent
Technical Specifications by the NRC.
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PURPOSE

The Offsite Dose Calculation Manual (ODCM) provides the methodology and

..parameters to be used in the calculation of offsite doses due to

radioactive liquid and gaseous effluents to assure compliance with the
dose limitations of the Radiological Effluent Technical Specificationms.
These dose limitations assure that:

1) the concentration of radioactive 1liquid effluents to the
unrestricted area will be limited to the concentration 1levels of
10CFR20, Appendix B, Table II;

2) the exposure to the maximum exposed member of the public in the
unrestricted area from radioactive liquid effluents will not result
in doses greater than the liquid dose limits of 1QCFR50, Appendix I3

3) the dose rate at and beyond the site boundary from radioactive
gaseous effluents will be limited to the annual dose limits of
10CFR20;

4) the exposure to the maximum exposed member of the public in the
unrestricted area from radioactive gaseous effluents will not result
in doses greater than the gaseous dose limits of 10CFR50, Appendix
I; and

5) the exposure to the maximum exposed member of the public will not
exceed 40CFR190 dose limits.,

The Manual provides the methodology and parameters to be used in the
assessment of the radiation doses due to. the radiocactive 1liquid and
gaseous effluents released from the station. Examples are provided to
demonstrate methodology, and do not mnecessarily reflect procedure
calculations.

The Manual provides the methodology and parameters to be used in the
calculation of radioactive 1liquid and gaseous effluent monitoring
instrumentation alarm/trip setpoints to ensure compliance with the
concentration and dose rate limitations of the Radiological Effluent
Technical Specifications. The Manual provides simplified drawings of the
radioactive liquid and gaseous effluent waste streams,

The Manual gives the specific locations for collecting radiological
environmental monitoring samples.

SCOPE

The methodology used to assure compliance with the dose, dose rate, and
concentration limitations described above shall be used tq prepare the
radioactive liquid and gaseous effluent procedures and reports required
by the Technical Specifications. This manual does not include the
procedures and forms required to document compliance with the
surveillance requirements in the Technical Specifications.

2.
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Changes to this manual shall be reviewed and approved by the Station
Nuclear Safety and Operating Committee prior to implementation. Changes
to this manual shall be submitted to the Nuclear Regulatory Commission by
.inclusion in the Semi-Annual Radioactive Release Report for the period

) during which the change was made effective.
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TECHNICAL SPECIFICATION REQUIREMENT

Technical Specification 3.7.E requires that: "The radioactive 1liquid
_.and gaseous effluent monitoring instrumentation channels shown in Table

3.7-5(a) and Table 3.7-5(b) shall be operable with their alarm/trip
setpoints set to ensure that the limits of Specifications 3.11.A.1 and
3.11.B.1 are not exceeded. The alarm/trip setpoints of these channels
shall be determined and adjusted in accordance with the Offsite Dose
Calculation Manual".

APPLICABLE MONITORS

Radioactive liquid effluent monitors for which alarm/trip setpoints are
determined in accordance with this Manual are:

Radiation Monitor Plant

Release Point Instrument Number -
Liquid Radwaste Effluent Line LW-108
Component Cooiing Service Water
System Effluent Line Sw-107
Circulating Water Discharge Line SWw-120, Sw-220

Monitor locations on the liquid effluent waste stream are shown in Figure
2.0,

SETPOINT CALCULATION

3.1 Maximum setpoint values shall be calculated using the following
equation: ’

where:

¢ = the setpoint, in uCi/ml, of the radioactivity monitor measuring
the radioactivity concentration in the effluent line prior to
dilution;

C = the effluent concentration 1limit for this monitor used in
implementing 10CFR20 for the site, in uCi/ml;

f>= the flow setpoint as measured at the radiation monitor
location, GPM; '

F = the dilution water flow calculated as:
) ’

F=f + (200,000 GPM x No. of Circ. Pumps in Service).



3.2

3.3
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Each of the condenser circulating water channels (SW-120, SW-220)
monitors the effluent (service water including component cooling
service water, circulating water, and 1liquid radwaste) in the

- circulating water discharge tunnel beyond the last point of possible

radioactive material addition. No dilution i1s assumed for this
pathway. Therefore, the equation in 3.1 above becomes:

c=C

The setpoint becomes the effluent concentration limit for these
monitors used in implementing 10CFR20 for the site.

In addition, for added conservatism, setpoints are calculated for
the liquid radwaste effluent line (LW-108) and the component cooling
service water system effluent line (SW-107).

For the liquid radwaste effluent line (LW-108), the equation in 3.1

becomes:
c = CFKLW
f

where;

KLw = The fraction of the effluent concentration 1limit wused in .

implementing 10CFR20 for the site attributable to 1liquid
radwaste effluent line pathway. ‘

For the component cooling service water system effluent line
(SW-107), the equation in 3.1 becomes: ° g

CFK
c= cc

f

where;

ch = The fraction of the effluent concentration limit used in
implementing 10CFR20 for the site attributable to the
component cooling service water effluent line pathway,

The sum KLw + ch 2 1.0.

4. EXAMPLE

4,1

The following information is obtained from an isotopic analysis of
the effluent from the liquid radwaste effluent:

Radionuclide Average Undiluted Concentration
Released ‘ Released (uCi/ml)
Co-60 3.09E-06
Cs-137 4 .08E-06
Cs-134 2.65E-06
Co-58 3.19E-06 : ’

Fe-59 1.78E-06
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. 4,2 The following information is obtained from an isotopic analysis of
the effluent from the component cooling service water system:
.- " Radionuclide Average Undiluted Concentration
Released Released (uCi/ml)
Co-60 5.67E-08
Cs-137 6.73E-08
Co-58 5.30E-08
4.3 Calculate, and K , the fraction of the effiuent limit for the

liquid radwasgg and component cooling service water pathways.

Liquid Waste:
uCi/ml

Radionuclide i
Released | MPC MPCy
Co-60 3E-05 ~ 1.03E-01
Cs-137 2E-05 2.04E-01
Cs-134 9E-06 2.94E-01
Co-58 9E-05 3.54E-02
Fe-59 5E-05 3.56E-02
Z uCi/ml, _
' i WpC i = 6.72E-01
i
Component Cooling Service Water: . .
Radionuclide B%%égli
Released MPC i
Co-60 3E-05 1.89E-03
Cs-137 2E-05 3.37E-03
Co-58 9E-05 5.89E-04
L uCi/ml, _
" _ﬁfE;_i = 5.85E-03

* Calculate the fraction of maximum allowable concentration (FMAC)
using the following equation:

f I uCi/ml,.
FMAC in—M?E;__i'

The flow rate for the liquid radwaste pathway is 50 GPM and 18,000
GPM for the component cooling service water pathway. Three
circulating water pumps are available. .

. FMAC for liquid waste: :
50

FMAC = T 555 (200,000 % 3) ] * ©-72E-01

FMAC = 5.60E-05




4.4

4.5

4.6

4.7

4.8

¢ =1,17E-07 x [ 18,000 + (200,000 x 3) ] x
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FMAC for component cooling service water:

18,000

FMAC = 118,000 + (200,000 % 3)

x 5.85E-03

FMAC = 1.7E-04

K, = 5.6E-05 _
5.65-05 + 1.7E-04

0.25

K _=10.75
ce

The 1liquid radwaste monitor (LW-108) is calibrated for Cs-137,
therefore:

C (uCi/ml) = I uCi/ml, x MPC
i -Tﬁﬁff_i Cs-137
. i
C=6,72E-01 x 2E-05
C = 1.34E-05

The liquid radwaste monitor (LW-108) setpoint would be calculated
as:

0
L]

1.34E-05 x [ 50 + (200,000 x 3) ] x

50 0.25

¢ = 4.02E-02 uCi/ml

The component cooling service water monitor (SW-107) is célibrated

for Cs-137, therefore: .

C (uCi/ml) =1 uCi/mli X MPCCS_
i MPCi

C = 5.85E-03 x 2E-05 = 1,17E-07

137

The component cooling service water monitor (SW-107) setpoint would
be calculated as: . (

18,000 0.75

¢ = 3.01E-06 uCi/ml

The setpoints may be multiplied by the appropriate monitor
conversion factor to determine the setpoints in CPM.. (counts per
minute). .
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1. TECHNICAL SPECIFICATION REQUIREMENT

Technical Specification 3.11.A.l.a. requires that: "The concentration of
.-radiocactive materials released in liquid waste effluents to unrestricted
areas (see Figure 5.1-1) shall be limited to the concentrations specified
in 10CFR20, 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 to 2 x 10 = microcuries/ml".

2. CALCULATION

2.1

The daily concentrations of radioactive materials in liquid waste to
unrestricted areas must meet the following:

Volume of Waste Discharged + Volume of Dilution Water

Volume of Waste Discharged x I uCi/ml 21
—

i MpC
: i

where:

uCi/mli = the concentration of nuclide i in the liquid effluent

discharge;
MPCi = the maximum permissible concentration in unrestricted

areas of nuclide, i, expressed as uCi/ml from 10CFR Part
20, Appendix B, Table I1I, for ‘radionuclides other than
noble gases and 2E-04 uCi/ml for dissolved or entrained
noble gases.

3. EXAMPLE

3.1

Compilation of data from liquid effluent release records for a day
indicated the following radionuclides and concentrations were
released from the liquid radwaste effluent line.

" Radionuclide Concentration (uCi/ml) MPC uCi/ml/MPC
Co-60 4.00E-06 | 3E-05 1.33E-01
Cs-137 3.00E-06 2E-05 - 1.,50E-01
Cs-134 1.00E-06 9E-06 1.11E-01
Co~58 4 .50E-06 9E-05 - 5.00E-02

I-131 5.00E-08 3E-07 1.67E-01

T uCi/ml, = 6.11E-01
1 “MPC/ 1 <
Volume of Dilution Water for day = 1.71E+07 gal.

Volume 6f Waste Discharged for day = 2.88E+05 gal.
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3.2 The daily concentration must meet the following:

Volume of Waste Discharged + Volume of Dilution Water

Volume of Waste Discharged x I uCi/ml 21
—_
i MPC
i
2.88E+05 + 1.71E+07 > 1
2.88E+05 x 6.11E-01 —
98.8 > 1
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TECHNICAL SPECIFICATION REQUIREMENT

Technical Specification 3.11.A.2.a requires that: "The dose or dose
commitment to the maximum exposed member of the public from radioactive
materials in 1liquid effluents released, from each reactor unit, to
unrestricted areas shall be limited:

(i) During any calendar quarter to less than or equal to 1.5 mrems to
the total body and to less than or equal to 5 mrems to critical

organ, and,

(ii) During any calendar year to less than or equal to 3 mrems to the
total body and to less than or equal to 10 mrems to critical organ.

CALCULATIONS

2.1 Dose contribution shall be calculated for all radionuclides
identified in liquid effluents released to unrestricted areas based
on the following expressions: :

D=t FMIC, A

; 1 i
where:
D = the cumulative dose commitment to the total body or critical
organ, from the liquid effluents for the time period t, in
mrem; ’ .

"t = the length of the time period over which Ci and F are averaged
for all liquid releases, hours;

M = the mixing ratio (reciprocal of the dilution factor) at the
point of exposure, dimensionless, 0.2 from Appendix 11A, Surry
UFSAR; :

F = the near field average dilution factor for C, during any liquid
effluent release. Defined as the ratio of the average undiluted
liquid waste flow during release to the average flow from the
site discharge structure to unrestricted areas;

C, = the average conceﬁtratioh of radionuclide, i, in undiluted
liquid effluent during time period, t, from any liquid
releases, in uCi/ml;

A, = the site related ingestion dose commitment factor to the total
body . or critical organ of an adult for each didentified
principal gamma and beta emmitter listed in Table 4.0, in
mrem-ml per hr-uCi; -

Ai = 1,14E+05 (21BF, + 5BIi) DF

i

i

where:

L4

1.14E+05 = 1E+06 pCi/uCi x 1E+03 ml/kg ¢ 8760 hr/yr, units con-
version factor;
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adult fish consumption, Kg/yr, from NUREG-0133;

N
w et
]

adult invertebrate consumption, Kg/yr, from NUREG-0133;

BI, = the bioaccumulation factor for nuclide, 1, in inverte-
brates, . pCi/kg per pCi/l, from Table A-1 of Regulatory
~Guide 1.109, Rev. 1;

/

the bioaccumulation factor for nuclide, i, in fish, pCi/kg

BF, =
i per pCi/1l, from Table A-1 of Regulatory Guide 1.109, Rev.
1.
DFi = the critical organ dose conversion f&ctor for nuclide, i,

for adults, in mrem/pCi, from Table E-11 of Regulatory
Guide 1.109, Rev. 1.

Thyroid and GI-LLI organ doses must be calculated to determine which
is the critical organ for the period being considered. The pathway
analysis used to determine the critical organ is presented in
HP-ODCM-A2.,

3. EXAMPLE

3.1 Compilation of data from release records for a 31 day period
provides the following information:

‘ Total Volume of Undiluted Liquid Effluent Released 4 .86E+10 mbl

Total Volume of Dilution Water Used During Period 2.26E+14 ml

Average Concentration of Radionuclides in Unailuted Liquid Effluent

Cs-134 =~ 5.64E-06 uCi/ml Co-58 - 2,22E-06 uCi/ml
Cs-137 - 8.35E-06 uCi/ml Co-60 - 1.65E-06 uCi/ml
I-131 - 5.66E-06 uCi/ml H-3 - B8.07E-04 uCi/ml

3.2 31 Day Total Body Calculation:

D=tFMZIC, A
i

. i
-Obtain total body A, values from Table 4.0
1
= 744 hours. :
mrem-ml mrem
Nuclide  Op ®WOMmD . AGeimr?) - T
Cs-134 . 5.46E-06 x  1.33E+04 =  7.26E-02
Cs-~137 8.35E-06 x  7.85E+03 =  6.55E-02
1-131 5.66E-06  x 1.79E+02 = 1.01E-D3
Co-58 2.22E-06 x 1.35E+03 =  3.00E-03
Co-60 1.65E-06 x  3.82E+03 =  6.30E-03
. - H-3 8.07E-04 x  2.82E-01 =  2.28E-04
L, , ZC; A = 1.49E-01




3.3

3.4
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_ 4.86E+10 (ml)

F = 2268414 (D)
Therefore, - 4 ,.86E+10 (ml) mrem
D = 744(hr) x 7.26E+14 (al) * 0.2 x 1.49E-01 ¢( v )
D = 4.77E-03 mrem to Total Body.
31 Day Thyroid Calculation:
D=tFMIC, A
i1
i
Obtain Thyroid Ai values from Table 4.0.
t = 744 hours.
mrem-ml mrem
Nuclide Ci (uCi/ml) X Ai(EEE:F;_) = ( hr )
Cs-134 5.46E-06 X 0 = 0
Cs-137 8.35E-06 x 0 = 0
I-131 5.66E-06 X 1.02E+05 = 5.77E-01
Co-58 - 2.22E-06 x 0 = 0
Co-60 1.65E-06 X 0 & 0
H-3 8.07E-04 X 2.82E-01 = 2,28E-04
? Ci Ai = 5.77E-01
i
F = 4,86E+10 (ml)
2.26E+14 (ml)
Therefore, _ 4 .86E+10 (ml) _ nrem
D = 744(hr) x 7. 26E+14 (ml) x 0.2 x 5.77E-01 ( e )
D = 1.85E-02 mrem to thyroid.

31 Day GI-LLI Calculation:

D = F FM i Ci Ai

Obtain GI-LLI A, values from Table 4.0.

t = 744 hours.




i

mrem-ml
Nuclide C; (uei/ml) o A G
" Cs-134 5.46E-06 x 2.85E+02
Cs-137 8.35E-06" X 2.32E+02
I-131 5.66E-06 X 8.23E+01
Co-58 2.22E-06 x 1.22E+04
Co-60 1.65E-06 x 3.25E+04
H-3 8.07E-04 X 2.82E-01
IC
i
F = 4.86E+10 (ml)
2.26E+14 (ml) |
Therefore, _ 4 .86E+10 (ml)
D = 744(ht) X T5E T TE (al)
- D = 2.72E-03 mrem to GI-LLI

3.5 For this case, the

HP-ODCM-4
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mr
( h

1.56E-03
1.93E-03
4 .66E-04
2.71E-02
5.36E-02
2.28E-04

= 8.49E-02

>
He

x 0.2 x 8.49E-02 (

critical organ would be the thyroid.

QUARTERLY COMPOSITE ANALYSES

€m.
=)

mrem
hr

)

For radionuclides not determined in each batch or weekly composite, the

dose contribution to the current monthly or calendar quarter cumulative
summation may be approximated by assuming an average monthly concentra-
tion based on the previous monthly or quarterly composite analyses.
However, for reporting purposes, the calculated dose contribution shall

be based on the actual composite analyses.
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LIQUID INGESTION PATHWAY DOSE FACTOR FOR SURRY POWER STATION

UNIT NOS. 1 AND 2

Total Body Ai Thyroid A GI-LLI A

Radionuckide mrem/hr . mrem/hr mrem/hr
uCi/ml uCi/ml. uCi/ml

H-3 2.82E-01 2.82E-01 2.82E-01
Na-24 4 ,57E-01 4,57E-01 4.57E-01
Cr-51 5.58E+00 3.34E-01 1.40E+03
Mn-54 1.35E+03 - 2.16E+04
Fe-55 8.23E+03 - 2.03E+04
Fe-59 7.27E+04 . - 6.32E+05
Co-58 1.35E+03 - 1.22E+04
Co-60 3.82E+03 - 3.25E+04
Zn-65 2.32E+05 - 3.23E+05
Rb-86 2.91E+02 - 1.23E+02
Sr-87 1.43E+02 - 8.00E+02
Sr-90 3.01E+04 - 3.55E+03
Y-91 2.37E+00 - 4 .89E+04
Zr-95 3.46E+00 - 1.62E+04
Z2r-97 8.13E-02 - 5.51E+04
Nb-95 1.34E+02 - ‘ 1.51E+06
Mo-99 2,43E+01 - 2.96E+02
Ru-103 4 .60E+01 - 1.25E+04
Ru-106 2.01E+02 - 1.03E+05
Ag-110m 8.60E+02 - 5.97E+05
Sb-124 1.09E+02 6.70E-01 7 .84E+03
Sb-125 4 ,.20E+01 1.79E-01 1.94E+03
Te-125m 2.91E+01 6.52E+01 8.66E+02
Te-127m 6.68E+01 1.40E+02 1.84E+03
Te-129m 1.47E+02 3.20E+02 4 ,69E+03
Te-131m 5.71E+01 1.08E+02 6.80E+03
Te-132 1,24E+02 1.46E+02 6.24E+03
I-131 1.79E+02 1.02E+05 8.23E+01
I-132 9.96E+00 9,96E+02 5.35E+00
1-133 3.95E+01 1.90E+04 1.16E+02
I-134 5.40E+00 2.62E+02 1.32E-02
I-135 2.24E+01 4.01E+03 6.87E+01
Cs-134 1.33E+04 .- 2.85E+02
Cs-136 2 ,04E+03 - 3.21E+02
Cs-137 7 .85E+03 - 2.32E402
Cs-138 5.94E+00 - 5.12E-05
Ba-140 1.08E+02 - 3.38E+03
La-140 2.10E-01 - 5.83E+04
Ce-141 2.63E-01 - 8.86E+03
Ce-143 4 ,94E-02 - 1.67E+04
Ce-144 9,.59E+00 - 6 .04E+04
Np-239 1.91E-03 - 7.11E+02
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TECHNICAL SPECIFICATION REQUIREMENT

Technical Specification 3.11.A.3.a requires that: "The Liquid Radwaste
Treatment System shall be used to reduce the radioactive materials in
liquid wastes prior to their discharge when the projected doses due to
liquid effluent releases to unrestricted areas (see Figure 5.1-1) when
averaged over 31 days would exceed 0.06 mrem to the total body or 0.2
mrem to the critical organ."

PROJECTED TOTAL BODY DOSE

2.1 Determine D B total body dose from 1liquid effluents in the
previous 31 gay period, calculated according to H.P.-ODCM-4.

2.2 Estimate R, = ratio of the estimated volume of 1liquid effluent
releases in the present 31 day period to the volume released in the
previous 31 day period.

2.3 Estimate F. = ratio of the estimated liquid effluent radioactivity
in the present 31 day period to the liquid effluent activity in the
previous 31 day period.

2.4 Determine PDTB = projected total body dose in a 31 day period.

PDpp = D (R)F))

PROJECTED CRITICAL ORGAN DOSE

3.1 Determine D _ = critical organ dose from 1liquid effluents in the
previous 31 %ay period, calculated according to H.P.-ODCM-4.

3.2 Estimate R1 as in Step 2.2,

3.3 Estimate F1 as in Step 2.3.
3.4 Determine PD° = projected critical organ dose in a 31 day period.
-PDo = Do (RIFI)

Historical data pertaining to the volumes and radioactivity of liquid

effluents released i1n connection to specific station functions, as

maintenance or refueling outages, shall be used in the above projections
as appropriate.

EXAMPLE

4.1 A critical organ dose in a 31 day period due to 1liquid effluent
releases was calculated in H.P.-ODCM-4.3.3 wusing the data in
H.P.-ODCM-4.3,1., Therefore, D = 1.85E-02 mrem to the thyroid.

L4
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4.4

4.5
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According to H.P.-ODCM-4.3.1, the total volume of undiluted 1liquid
effluent released was 4.86E+10 ml. It is estimated that the liquid
effluent release may double to 9,.,72E+10 ml in the present 31 day
- period. Therefore, R1 = 9,72E+10 = 2.0.
- 4.86E+10
From H.P.-ODCM-4.3.1, the total concentration of radionuclides in
undiluted 1liquid effluents 1is 8.33E-04 uCi/ml. The total
concentration of radionuclides in undiluted liquid effluents in the
present 31 day period 1is estimated to be 1.00E-03 wuCi/ml.
Therefore, F1 = 1,00E-03 = 1.2,
8.33E-04

The projected total body dose in a 31 day period is:

PDpg = Dpg (R) F))

PDTB'= 1.85E-02 (mrem) x 2.0 x 1.2

PDTB = 4 ,44E~02 mrem.

The projected critical organ dose, PDO, in a 31 day period would be
similarly obtained.
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TECHNICAL SPECIFICATION REQUIREMENT

Technical Specification 3.7.E requires that: "The radioactive liquid and

..gaseous effluent monitoring instrumentation channels shown in Table

3.7-5(a) and Table 3.7-5(b) shall be operable with their alarm/trip
setpoints set to ensure that the limits of Specifications 3.11.A.1 and
3.11.B.1 are not exceeded. The alarm/trip setpoints of these channels
shall be determined and adjusted in accordance with the Offsite Dose
Calculation Manual (ODCM)".

APPLICABLE MONITORS

Radioactive gaseous effluent monitors for which alarm/trip setp01nts are
determined in accordance with this Manual are:

Radiation Monitor Plant

Release Point Instrument Number
Process Vent GW-102 '
Condenser Air Ejector sv-111, 211
Ventilation Vent . VG-110

Monitor locations on the gaseous effluent waste streams are shown in
Figure 6.0,

SETPOINT CALCULATIONS

3.1 The setpoint calculations for each monitor listed above shall be
determined such that the following relationship is maintained:

D _+1D +D +D <D
PV cael cae? vV -

where:

D= The Technical Specification 3.11.B.1 dose limits
implementing 10CFR20 for the site, mrem/yr;

"D = The noble gas site boundary dose rate from process vent
gaseous effluent releases, mrem/yr;

ael = The noble gas site boundary dose rate from Unit 1 condenser
cae air ejector gaseous effluent releases, mrem/yr;

= The noble gas site boundary dose rate from Unit 2 condenser
cae2
air ejector gaseous effluent releases, mrem/yr;

D =. The noble gas site boundary dose rate from ventilation vent
v gaseous effluent releases, mrem/yr. :

3.2 Setpoint values shall be determined using the following'equation:
c = ®w 2, 12E-03

F
m
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where:

m = The reléase pathway, process vent (pv), Unit 1 condenser air
ejector (cael), Unit 2 condenser air ejector (cae2), or
ventilation vent (vv);

C_ = The effluent concentration 1limit implementing Technical
Specification 3.11.B.1 for the site, uCi/mlj;

R = The release rate 1limit for pathway m determined from the
methodology in HP-ODCM-7, using Xe-133 as the nuclide to be
released, uCi/sec;

2.12E-03 = CFM per ml/sec; and

Fm = The maximum flow rate for pathway m, CFM.
According to NUREG-0133, the radioactive effluent radiation monitor
alarm/trip setpoints should be based on the radiocactive noble gases.
It is not considered to be practicable to apply instantaneous alarm/
trip setpoints to integrating monitors sensitive to radioiodines,
radioactive materials in particulate form, and radionuclides other
than noble gases.

4, EXAMPLE

4.1

Assume Unit 1 is operating and Unit 2 is shut down. To calculate
the limiting release rate, the following .information is obtained
from process vent release records:

Radionuclide Release Rate (Curies/sec)
Xe-133 4 ,.43E-06
Xe-135 3.04E-07
Kr-88 - 2.84E-10

Xe-131m 1.38E-07

and ventilation vent release records:

Radionuclide Release Rate (Curies/sec)
Xe-133 ) 1.77E-05
Xe-135 1.21E-06
Kr-88 1.14E-09
Xe-131m 5.52E-07

and Unit 1l condenser air ejector release records:

Radionuclide o Release Rate (Curies/sec)”
Xe-133 . 2.11E-08
Xe-135 1.22E-09

L4
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Determine the fraction of the total noble gas total body dose that
is attributable to each pathway using the methodology and Tables 7.0
and 7.1 in AP-ODCM-7.

Process Vent:

Radionuclide Kipv X Qigv =
Xe-133 2.94E+02 X 4,.43E-06 = '1.30E-03
Xe-135 1.81E+03 b 4 3.04E-07 = 5.50E-04
Kr-88 1.47E+04 X 2.84E-10 = 4.17E-06
Xe5131m 9.15E+01 X 1.38E-07 = 1.26E-05
i Kipv x 0_ipv = 1.87E-03
Ventilation Vent:
Radionuclide Kivv X inv =
Xe-133 1.76E+04 X 1.77E-05 = 3.12E-01
Xe-135 1.09E+05 x 1.21E-06 = 1.32E-01
Kr-88 8.82E+05. X 1.14E-09 = 1.01E-03
Xe-131m 5.49E+03 x 5.52E-07 = 3.03E-03
i Kivv X inv -;’f _,4'48Ef01

‘Unit 1 Condenser Air Ejector:

Radionuclide Kivv x Qicael =
Xe-133 1.76E+04 X 2.11E-08 = 3.71E-04
Xe-135 1.09E+05 X 1.22E-09 = 1.33E-04
i Kivv X Qicael = . 5.04E-04

The total body noble gas dose for
process vent, ventilation vent,
and Unit 1 condenser air ejector,

1.87E-03 + 4.48E-01 + 5.04E-04

mrem/yr.

The total body noble gas dose for = 4.50E-0l

process vent, ventilation vent,

and Unit 1 condenser air ejector,

mrem/yr. ' <
Process vent fractional dose = ].87E-03
Ventilation vent fractional dose = 4.48E-01 - 9.96E-01

4.50E-01
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Unit 1 condenser air ejector fractional dose = 5.04E-04 1.12
. | 4.508-01 ~ '12E03

4.3 Determine the fraction of the total noble gas skin dose that 1is
attributable to each pathway using the methodology and Tables 7.0
and 7.1 in HP-ODCM-7.

Process Vent:

Radio- .
nuclide (Lipv 1.1 x Migv) x Qipv
" ,Xe-133 (3.06E+02 + 1.1 x- 3.53E+02) x &4.43E-06 = 3.08E-03
Xe-135 (1.86E+03 + 1.1 =x 1.92E+03) x 3,04E-07 = 1,21E-03
Kr-88 (2.37E+03 + 1,1 =x 1.52E+04) x 2.84E-10 = 5,42E-06
Xe-131m (4.76E+02 + 1,1 x 1.56E+02) x 1.38E-07 = B8.94E-05
i (Lipv + 1.1 Mipv) Qipv = 4,38E-03
Ventilation Vent:
Radio- A °
nuclide (Livv + L1 ox Mivv) X inv =
Xe-133 (1.84E+04 + 1.1 x 2.12E+04) x 1.77E-05 = 7.38E-01
) Xe-135 (1.12E+05 + 1.1 =x 1,15E+05) x 1.21E-06 . = 2.89E-01
. Kr-88 (1.42E+05 + 1.1 x 9.12E+05) x 1.14E-09 = 1.31E-03
, Xe-131m (2.86E+04 + 1.1 x 9.36E+03) x , 5.52E-07 = 2.14E-02
i (Livv + 1.1 Mivv) inv = 1,05E+00
Unit 1 Condenser Air Ejector:
Radio- ' .
nuclide (Livv + 11 ox Mivv) x Qicael =

x 2.12E+04) x 2.11E-08 = 8.80E-04

Xe-133 (1.84E+04 + 1.1
Xe-135 (1.12E+05 + 1.1 x 1.15E+05) x 1,22E-09 = 2,91E-04
i (Pivv + 1,1 Mivv) Qicael = 1.17E—03'

The skin noble gas dose for = 4,38E-03 + 1,05E+00 + 1,17E-03
process vent, ventilation vent,
and Unit 1 condenser air ejector, ,
mrem/yr.
The skin noble gas dose for = 1.06E+00 .
process vent, ventilation vent, )
and Unit 1 condenser air ejector,

. mrem/yr.

' Process+vent fractional dose = 4.38E-03 _ 4.13E-03

1.06E+00
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Ventilation vent fractional dose = 1,05E+00
| T1.06E+00 - 7-21E-01

" Unit 1 condenser air ejector = 1.17E-03 _ _
1.06E+00 - 1-108-03

Determine the release rate limit for total body dose, R__, from the

methodology in HP-ODCM-7, using Xe-133 as the nuclide to be
released.

The part of Technical Specification 3.11.B.1.a(i) total body dose

limit that is attributable to the process vent = 500 mrem/yr x
4,16E-03 = 2.08 mrem/yr.

From the methodology in HP-0ODCM-7.2.1,

Kipv Qipv < 2.08 mrem/yr.

Calculating Qipv for Xe-133,

QXe-133 = 2,08 mrem/vyr

Fxe-133

Qe-133 = 2.08 mrem/yr

2.94E+02 mrem/yr S
" Curie/sec.

Qge-133 = 7-07E-03 Curie/;ec. = 7.07E+03 uCi/sec.

4.5 Determine the release rate limit for total body dose, R_, from the

methodology in HP-ODCM-7, wusing Xe-133 as the nuclide to be
released.

The part of Technical Specification 3.11.B.l.a(i) total body dose
1imit that is attributable to the ventilatlon vent = 500 mrem/yr x
9.96E~01 = 498 mrem/vr.

" From the methodology in HP-ODCM-7.2.1,

Koy inv < 2.08 mrem/yr.

C&lculating inv fqr Xe-133,

QXe—133 = 498 mrem/yr

KXe—133

Q133 = 498 mrem/yr

1.76E+04 _mrem/yr
Curie/sec.
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Qe-133 = 2.83E-02 Curie/sec. = 2.83E+04 uCi/sec.

" Determine the release rate limit for total body dose, 1 from

the methodology in HP-ODCM-7, using. Xe-133 as the nucf?#% to be
released.

The part of Technical Specification 3.11.B.1.a(i) total body dose
limit that is attributable to the Unit 1 condenser air ejector = 500
mrem X 1.12E-03 = 0.56 mrem.

yr yr

From the methodology in HP-ODCM-7.2.1,

Kivv 0icael 0.56 mrem/yr.

Calculating Q. for Xe-133,

ael

QXe-l33 = 0.56 mrem/yr

xe-133

Q. _ = 0.56 mrem/yr
Xe }33 1.76E+04 _mrem/yr
Curie/se;.
Qge_133 = 3-18E-05 Curie/sgc, = 3.18E+§% uCi/sec.

Determine the release rate 1limit for skin dose, R , from the
methodology in HP—ODCM—? using Xe-133 as the ndelide to be
released. '

The part of Technical Specification 3.11.B.1.a(i) skin dose 1limit
that is attributable to the'process vent = 3000 mrem/yr x 4.13E-03 =
1.24E+01 mrem/yr.

From the methodology in HP-ODCM-7.2.1,

(Lipv + 1.1 Mipv) Qipv < 1.24E+01 mrem/yr.
Qy.._ = 1.24E+0]1 mrem/yr
Xe-133 (L xe-133 * 1.1 My 133) mrem/yr
Curie sec.
QXe—133 1.24E+01 mrem/yr ‘ :

(3.06E+02 + 1,1 x 3.53E+02) mrem/yr
Curie/sec.

QX;-133 = 1.,79E-02 Curie/sec. = 1.79E+04 uCi/sec.
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4.8 Determine the release rate limit for skin dose, R , from the

methodology in HP-ODCM-7, wusing Xe-133 as the nuclide to be
released. _

The part of Technical Specification 3.11.B.l.a(i) skin dose limit

that is attributable to the ventilation vent = 3000 mrem/yr x
9.91E-01 = 2.973E+03 mrem/yr.

From the methodology in HP-ODCM-7.2.1,

(Livv + 1.1 Mivv) Qy S 2.973E+03 mrem/yr.
Qye-133 = 2.973E+03 mrem/yr
(xe-133 * I-1 My, y33) _mrem/yr
Curie/sec.
Qxe_133 = 2-973E+03 mrem/jr

(1.84E+04 + 1.1 x 2,12E+04) _mrem/yr
Curie/sec.

Qge-133 = 7-13E-02 Curie/sec. = 7.13E+04 uCi/sec.

4.9 Determine the release rate limit for skin dose, Rcae , from the
methodology in HP-ODCM-7, wusing ZXe-133 as the nuciide to be
released.

»

The part of Technical Specification 3.11.B.l.a(i) skin dose 1limit
that is attributable to the Unit 1 condenser air ejector = 3000
mrem/yr x 1.10E-03 = 3.303E+00 mrem/yr.

From the methodology in HP-ODCM-7.2.1,

( + 1.1 M

3.30E+00 mrem/yr.

Licael icael) Qicael s

3.30E+00 mrem/yr

(Uge-133 * 11 Mye-13) mremyr

Qx -133 3.30E+00 mrem/yr
€ (1.84E+04 + 1.1 x 2.12E+04) mrem/yr
Curie/sec.

Ue-133 =

QXe-133 = 7.91E-05 Curie/sec. = 7.91E+01 uCi/sec.

4.10 The calculations indicate that the total body dose 1imits result in
the most restrictive release rate limits. Therefore,

¢ = Ry 2 125-03
v =
pVv
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C__ = (7.07E+03) x 2.12E-03
. pv 300
| : C__ = 5.0E-02 uCi/ml
. pv
and
c. = A 2.125-03
- v
F
v
va = (2.83E+04) x 2.12E-03
172,000
C__ = 3.49E-04 uCi/ml
vv
and
c .= Reael) 2.125-03
cael
F
cael
Ccael = (3.18E+01) 2.12E-03
5
C = 1.35E~02 uCi/ml
cael
4.11 Setpoints in CPM (counts per minute) can be determined by
’ multiplying the above effluent concentration 1limits by the
appropriate monitor conversion factors. ..
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1. TECHNICAL sPECIFICATION REQUIREMENT

Technical Specification 3.11.B.l.a requires that: "The dose rate due to

_.radioactive materials released in gaseous effluents from the site to

areas at and beyond the site boundary (see Figure 5.1-1) shall be limited
to the following: ’

(i) for noble gases: Less than or equal to 500 mrem/yr to the total
body and less than or equal to 3000 mrem/yr to the skin, and

(i1i) for d1odine - 131, for tritium, and for all radionuclides in
particulate form with half-lives greater than 8 days: Less than or
equal to 1500 mrem/yr to the critical organ".

CALCULATION
1. The dose rate limit for noble gases shall be determined to be within
- the Technical Specification 1limit by limiting the release rate to

the lessor of:

0, .1 < 500 mrem/yr to total body,

i [Kivv inv * Kipv “ipv

or

+ l.lMipv)-Qipv] < 3000 mrem/vr

i [(Livv * l'lMivv) inv * (Lipv
. to the skin

where:

Subscripts = vv, refers to vent releases from the building

ventilation vent;

pv, refers to the vent releases from the process
vent;

i, refers to individual radionuclide;

The total body dose factor for ventilation vent
or process vent release due to gamma emissions
for each identified noble gas radionuclide, i,
in mrem/yr per Curie/sec. Factors are listed in
Table 7.0 and Table 7.1; :

Kivv’ Kipv =

Livv’ Lin = The skin dose factor for ventilation vent or
process vent release due to beta emissions for
each identified noble gas radionuclide 1, in
mrem/yr per Curie/sec. Factors are listed in
Table 7.0 and Table 7.1;




3.

ivv’ Mipv

ivv?® Qipv

1.1 =

HP-ODCM-7
Page 3 of 6

The air dose factor for ventilation vent or
process vent release due to gamma emissions for
each identified noble gas radionuclide, 1, in
mrad/yr per Curie/sec. Factors are listed in
Table 7.0 and Table 7.1;

The release rate for ventilation vent or process
vent of noble gas radionuclide, i, in gaseous
effluents in Curie/sec (per site);

The unit conversion factor that converts air
dose to skin dose, in mrem/mrad.

2. The dose rate 1limit for iodine - 131, for tritium, and for all
radionuclides in particulate form with half-live greater than 8 davs
shall be determined to be within the Technical Specification limit
by limiting the release rate to:

? [Pivv inv +
i

where:

P P =

ivv® “ipv

inv’ Qipv =

P,
ipv

Q

Pv] < 1500 mrem/yr to critical organ

The critical organ dose factor for ventilation
vent or process vent for I-131, H-3, and all
radionuclides in particulate form with
half-lives greater than 8 days for the
inhalation pathway, in mrem/yr per Curie/sec.
Factors are listed in Table 7.2

The release rate for ventilation vent or process
vent of I-131, H-3, and all radionuclides, i, in
particulate form with half-lives greater than 8
days in gaseous effluents in Curie/sec (per
site). -

3. All gaseous releases, not through the process vent, are considered
" ground level and shall be included in the determination of inv'

EXAMPLE

3.1 For demonstration of methodology, see HP-ODCM-6.4.
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TABLE 7.0

GAMMA AND BETA DOSE FACTORS FOR SURRY POWER STATION

UNIT NOS. 1 AND 2

X/Q = 6.0E-05 sec/m3 at 499 meters N Direction
Dose Factors for Ventilation Vent

K L M N,
Noble Gas Totaivﬂody Si¥x Gam%gvAir Betd Xir
Rdiomiclide — gmemirr AL o i
Kr-83m 4 .54E+00 - 1.16E+03 1.73E+04
 Kr-85m 7.02E+04 8.76E+04 - 7.38E+04 1.18E+05
Kr-85 9.66E+02 8.04E+04 1.03E+03 1.17E+05
Kr-87 3.55E+05 5.84E+05 3.70E+05 6.18E+05
Kr-88  B8.82E+05 1.42E+05 9.12E+05 1.76E+05
Kr-89 9.96E+05 6.06E+05 1.04E+06 6.36E+05
Kr-90 9.36E+05 4.37E+05 19.78E+05 4.70E+05
Xe-131m 5.49E+03 2.86E+04 . 9.36E+D3 6.66E+04
Xe~133m 1.51E+04 5.96E+04 1.96E+04 8.88E+04
Xe-133 - 1.76E+04 1.84E+04 2.12E+04 6.30E+04
Xe-135m 1.87E+05 4.27E+04 2.,02E+05 4 .43E+04
Xe-135 1.09E+05 1.12E+05 . 1.15E+05 1.48E+05
Xe-137 8.52E+04 7.32E+05 9.06E+04 7.62E+05
Xe-138 5.30E+05 2.48E+05 . 5.53E+05 2.85E+05

Ar-41 ' 5.30E+05 1.61E+05 5.58E+05 1.97E+05




- TABLE 7.1

HP-0ODCM-7
Page 5 of 6

GAMMA AND BETA DOSE FACTORS FOR SURRY POWER STATION

UNIT NOS. 1 AND 2

X/Q = 1.0E-06 sec/m3 at 644 meters S Direction

Dose Factors for Process Vent

K L
Noble Gas Totaipgody Sigg Gam%gvAir Bet%pXir
Radionuclide mrem/yr mrem/yr mrad/yr mrad/yr
Curie/Sec Curie/Sec Curie/sec Curie/sec
Kr-83m 7 .56E=02 - 1.93E+01 2.88E+02
Kr-85m 1.17E+03 1.46E+03 1.23E+03 1.97E+03
Kr-85 1.61E+01 1.34E+03 1.72E+01 1.95E+03
Kr-87 5.92E+03 9.73E+03 6.17E+03 1.63E+02
Kr-88 1.47E+04 2.37E+03 1.52E+04 2.93E+03
Kr-89 1.66E+04 1.01E+04 1.73E+04 1.06E+04
Kr-90 1.56E+04 7.29E+03 1.63E+04 7.83E+03
Xe-131m 9.15E+01 4,76E+02 _}.56E+02 1.11E+03
Xe-133m 2.51E+02 9.94E+02 3.27E+02 1.48E+03
Xe-133 2.94E+02 3.06E+02 3.53E+02 1.05E+03
Xe-135m 3.12E+03 7.11E+02 3.36E+03 7.39E+02
Xe-135 1.81E+03 1.B6E+03 1.92E+03 2,46E+03
Xe-137 1.42E+03 1.22E+04 1.51E+03 1.27E+04
Xé#138 8.83E+03 4.13E+03 9.21E+03 4,75E+03
Ar-41 8.B4E+03 2.69E+03 9.30E+03 3.28E+03
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" » ' TABLE 7.2

- " INHALATION PATHWAY DOSE FACTORS FOR SURRY POWER STATION

UNIT NOS. 1 AND 2

Ventilation Vent X/Q = 6.0E-05 sec/ 3 at 499 Meters N Direction
Process Vent X/Q = 1.0E-06 sec/m” at 644 Meters S Direction

Radionuclide mi%ﬁYxr ' mzégyvr
. Curie/sec Curie/sec

B-3 6.75E+04 | 1.12E+03

Cr-51 |  5.13E+03 8.55E+01
Mn-54 ND ND
Fe-59 ND ND
Co-58 ND ND
Co=-60 ND ND
Zn-65 ND ND
Rb-86 ND ND
‘ ~ sr-89 ND . ND
- Sr-90 ND u ND
Y-91 ND ND
Zr-95 ND ND
Nb-95 ND ND
Ru-103 \ ND ND
Ru-106 N ND
Ag-110m ND ND

Te-127m ‘ : : 3.64E+05 - 6.07E+03

Te-129m - _ 3.80E+05 6.33E+03
 Cs-134 | ) | ND
- Cs-136 ND ND
€s-137 ND ND
Ba-140 ND ND
Ce-141 ND ND
Ce-144 ND B ND

I-131 9.75E+08 = 1.62E+07

. e

ND - No data for dose factor according to R.G. 1;109, Rev. 1.
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TECHNICAL SPECIFICATION REQUIREMENT

Technical Specification 3.11.B.2.a requires that: "The air dose due to

.noble gases released in gaseous effluents, from each reactor unit, from

the site to areas at and beyond site boundary (see Figure 5.1-1) shall be
limited to the following:

(1) During any calendar quarter: Less than or equal to 5 mrads for
gamma radiation and 1less than or equal to 10 mrads for beta
radiation and, :

(ii) During any calendar year: Less than or equal to 10 mrads for gamma
radiation and less than or equal to 20 mrads for beta radiation.

CALCULATIONS

2.1 The air dose to areas at or beyond the site boundary due to noble
gases shall be determined by the following:

For gamma radiation:

Dg = 3.17E-08 i Mivv Qyy * Mipy Qpy!

For beta radiation:

Db = 3.17E-08 I [Ny Qu 0+ Ny 0 Q0]

i
where:
Subscripts = vv, refers to vent releases from the building
ventilation vent;
pv, refers to the vent releases from the process
vent;
i, refers to individual radionuclide;
Dg = the air dose for gamma radiation, in mrad;
Db = the air dose for beta radiation, in mrad;
Mi s Mi v the air dose factors for ventilation vent or
A 4 process vent release due to gamma emissions for
each identified noble gas radionuclide, i, in
mrad/yr per Curie/sec. Factors dre listed in
Tables 7.0 and 7.1;
N,- , N = the air dose factor for ventilation vent or
ivv ipv

process vent release due to beta emissions for
‘ each identified noble gas radionuclide, 1, in
mrad/yr per Curie/sec. Factors are listed in
Tables 7.0 and 7.1 '
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Eivv’ 6; v = the release for ventilation vent or process vent
_ 14 of noble gas radionuclide, i, in gaseous efflu-
‘ ents for 31 days, quarter, or year as appropri-
ate in Curies (per site);
3.17E-08 = the inverse of the number of seconds in a year.

2.2 A1l gaséous releases, not through the process vent, are considered
‘ ground level and shall be included in the determination of inv'

3. EXAMPLE

3.1

Compilation of data from release records for the process vent for a

quarter provides the following information:

Noble Gas Radionuclide

Activity Released (Curies)

Xe~-133 6.25E+01

Xe-135 2.24E-01
Xe-131m » 6.71E-02

Xe=133m 3.81E-02

3.2 Compilation of data from release records for the ventilation vents

3.3

for a quarter provides the following information:

Noble Gas Radionuclide

Xe-133 5.62E+02

Xe=135 . 2.02E+00
Xe-131m ' 6.04E-01
Xe-133m 3.43E-01

The air dose for gamma radiation is calculated from:

Dg = 3.17E-08 I [M, _Q ]

ivv f Mipv Qipv

The appropriate values of Mivv and Mi v shall be
Tables 7.0 and 7.1. P

Noble Gas M Q..
Radionuclide (mrad[xr;p%¥vCurie/sec) X (C&¥}e) =
Xe-133 2.12E+04 x 5.62E+02 =
Xe-135 1.15E+05 x 2.02E+00 =
Xe-131m : 9.36E+03 x 6.04E-0]1 =
Xe-133m 1.96E+04 x 3.43E-0]1 =
i M:I.vv inv =

Acfivity"Released (Curies)

obtained from

(mrad-sec)
yr

1.19E+07
2.32E+05
5.65E+03
6.72E+03

1.21E+07




Noble Gas Mi v Qi
Radionuclide (mrad/vr pe? Curie/sec) x (Cu?Ye)
Xe-133 . 3.53E+02 x 6.25E+01
Xe-135 1.92E+03 X 2.24E-01
Xe-131im 1.56E+02 X 6.71E-02
Xe-133m 3.27E+02 x 3.81E-02
L Mipv Qipv
i
Dg =

sec

Dg = 3.B4E~01 mrad

3.4 A similar approach could be taken to calculate Db.

HP-ODCM-8
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(mrad-sec)

hAS

2.21E+C4
4.30E+02
1.05E+01
1.25E+01

2.26E+04

3.17E-08 (zr ) [ 1.21E+07 (mra;;sec) + 2.26E+04 (mrad-sec) ]

yr
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SURRY POWER STATION

OFFSITE DOSE CALCULATION MANUAL

SECTION 9

Iodine - 131, Tritium, and Radionuclides in
Particulate Form Gaseous Effluent Dose Limits

Subject
Technical Specification Requirement
Calculation
Example
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TECHNICAL SPECIFICATION.REQUIREMENT

Technical Specification 3.11.B.3.a requires that: "The dose to the

-~maximum exposed member of the public from all I-131, from tritium, and

from all radionuclides in particulate form with half-lives greater than 8
days in gaseous effluents released, from each reactor unit, from the site
to areas at and beyond the site boundary (see Figure 5.1-1) shall be
limited to the following:

(i) During any calendar quarter: Less than or equal to 7.5 mrems to the
critical organ, and

(i1) During any calendar year: Less than or equal to 15 mrems to the
critical organ". ‘

CALCULATION

‘2.1 The dose to the maximum exposed member of the -public from

iodine-131, from tritium, and from all radionuclides in particulate
form with half-lives greater than 8 days in gaseous effluents from
the site to areas at and beyond the site boundary shall' be
determined as follows:

LY
Dr = 3.178-08 I [y, oy * B, Gy

)+ @RL 8§+ BRI G )]

vv ipv “tipv

where:

vv, refers to vent releases from the Building
ventilation vent;

Subscripts

pv, refers to the vent releases from the process
vent; :

Dr = the dose to the critical organ of the maximum
exposed member of the public in mrem;

RM, , RM, = the milk pathway dose factor for ventilation
) vent or process vent release due to iodine-131,
tritium, . .and from all radionuclides 1in
particulate form with half-lives greater than 8
days, in mrem/yr per Curie/sec. Factors are
listed in Table 9.0; -

RIivv’ RIi v the inhalation pathway dose factor for
P ventilation vent or process vent release due to
iodine-131, tritium, and from all_radionuclides
in particulate form with half-lives greater than
8 days, in mrem/yr per Curie/sec. Factors are

listed in Table 9.1;

61 = the release for ventilation vent or process vent
PV of iodine-131, tritium, and from all radionu-

clides 1in particulate form with half-lives
greater than 8 days in Curies (per site);

ivv’
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3.17E-08 = the inverse of the number of seconds in a year.
. 2.2 All gaseous releases, not through process vent, are considered
. - ground level and shall be included in the determination of inv'
3. EXAMPLE

3.1 Compilation of data from release records for the process vent for a
quarter provides the following information:

Radionuclide Activity Released (Curies)
I-131 . 7.20E-04
H-3 2.45E-01

Co-58 _ 1.10E-06

3.2 Compilation of data from release records for the ventilation vent
.~ for a quarter provides the following information:

Radionuclide Activity Released (Curies)
I-131 6.48E-03
H-3 2.21E+00
Co-58 9.90E-05
' 3.3 The dose to the critical organ of the maximum exposed member of the .
' public is calculated from:
o ’ . bl n ' n
Dr = 3.17E-08 i [(RM, Q0+ RMy Eipv) L TR RS S S )
The appropriafe values of RM, , RM » RI and RI shall be
obtained from Tables 9.0 and 9.1. ipv ivv ipv o
' n
RMi inv (mrem-sec)
Radionuclide (mrem/yr pervgurie/sec) x (Curies) = - yr
I-131 6.21E+08 x 6.48E-03 = 4.02E+06
H-3 7.20E+02 X 2.21E+00 = 1.59E+03
Co-58 - x 9.90E-05 = -

i RM, 6ivv = 4.02E+06

Due to lack of information, according to Regulatory Guide 1.109,
Rev. 1, Co-58 is mot included in these calculations.

RMi i (nrem-sec)
Radionuclide (mrem/yr perpzurie/sec) x (Curggs) - yr
1-131 2.97E+08 x 7.20E-04 =  2.14E+05
H-3 3.12E+02 x 2.45E-01 = 7.64E+01
. Co-58 - x 1.10E-06 = -

= 2.14E+05

i RMipv ejipv
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. RI a (mrem-sec)

~ Radionuclide (mrem/yr pe%vgurie/sec) x (Cu%Ygs) = yr
I-131 4.45E+06 x 6.48E-03 = 2.88E+04
H-3 1.94E+02 x 2.21E+00 = 4.29E+02
Co-58 | - x 9.90E-05 = -
i RT, BivV = 2.92;+04

Due to lack of information, according to Regulatory Guide 1.109,

Rev. 1, Co-58 is not included in these calculations. \

) RIi 81 v (mrem-sec)
Radionuclide (mrem/yr perpgurie/sec) X (Curges) = vr
I-131 1.93E+06 x 7.20E-04 = 1.39E+03
H-3 8.41E+01 x 2.45E-01 = 2.06E+01
Co-58 - x 1.10E-06 = -
- 1
i RI; . 6ipv 1.41E+03
. Dr = 3.17E~08 [(4.02E+06 + 2.14E+05) + (2.92E+04 + 1.41E+03)]
Dr = 1.35E-01 (mrem) : .
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"II. TABLE 9.0
CRITICAL PATHWAY DOSE FACTORS FOR SURRY POWER STATION

UNIT NOS. 1 AND 2

Ventilation Vent D/Q = 9,0E-10 m-2 at 5150 Meters S Direction

Process Vent D/Q = 4,3E-10 m-2 at 5150 Meters S Direction

RM RM

Radionuclide mre%Y§r , : mre%?§r
Curie/sec . Curie/sec

H-3 7.20E+02 3.12E402
Mn-54 ND ND
Fe-59 ND ND
Co-58 ND ND
Co-60 ND ND
Zn-65 ND ND
Rb-86 ND ND
Sr-89 ND ND
. Sr-90 ND ND
Y-91 ND ! ND
Z2r-95 ND ND
Nb-95 ND ND
Ru-103 ND _ ND
Ru-106 ND ND
Ag-110m ND ND

Te-127m | 8.06E+04 3.85E+04

Te-129m 1.25E405 ' 5.98E+04

I-131 | , 6.21E+08 - 2.97E+08
Cs-134 ND : ND
Cs-136 ND ND
Cs-137 ND ND
Ba-140 ND ND
Ce-141 ND “ND
Ce-144 ND - ND

. ND - No data for dose factor according to R.G. 1.109, Rev. 1.
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TABLE 9.1

INHALATION PATHWAY DOSE FACTORS FOR SURRY POWER STATION

UNIT NOS. 1 AND 2

Ventilation Vent X/Q = 3.0E-07 sec/m3 at 5150 Meters S Direction

Process Vent X/Q = 1.3E-07 sec/m3 at 5150 Meters S Direction

RIi v RIi v
Radionuclide EE%%%;%EE EE%%E;%EE

H-3 1.94E+02 8.41E+01
Cr-51 ' 1.73E+01 7.48E+00
Mn-54 ND ND
Fe-59 D ND
Co-58 ND ND
Co-60 " ND ND
Zn-65 ND ND
Rb-86 ND ND
Sr-89 ND ND
Sr-90 ND i ND
¥-91 ND ND
2r-95 ND ND
Nb-95 ND ND
Ru-103 ND ND
Ru-106 ND ND
Ag-110m ND ND
Te-127m 1.46E+03 6.33E+02
Te-129m 1.64E+03 7.12E+02
I-131 4 ,45E+06 1.93E+06
Cs-134 ND . ND
Cs-136 ND ND
Ce-137 N D
Ba-140 ND ND
Ce-141 ND - ND
Ce-144 ND ND

»

ND - No data for dose factor according to R.G. 1.109, Rev. 1.
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Gaseous Effluent Dose Projections
Part Subject Page
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2 : Projected Gamma Dose 2
3 Projected Beta Dose 2
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TECHNICAL SPECIFICATION REQUIREMENT

Technical Specification 3.11.B.4.2 requires that: "The Gaseous Radwaste

_Treatment System, and the Ventilation Exhaust Treatment System shall be

used to reduce radiocactive materials in gaseous waste prior to their
discharge when the projected gaseous effluent air doses due to gaseous
effluent releases, from each reactor unit, from the site to areas at or
beyond the site boundary (see Figure 5.1-1) would exceed 0.2 mrad for
gamma radiation and 0.4 mrad for beta radiation over 31 days. The
Ventilation Exhaust Treatment System shall be used to reduce radioactive
materials in gaseous waste prior to their discharge when the projected
doses due to gaseous effluent releases, from each reactor unit, from the
site to areas at and beyond the site boundary (see Figure 5.1-1) would
exceed 0.3 mrem to the critical organ over 31 days".

PROJECTED GAMMA DOSE

2.1 Determine Dg = the 31 day gamma air dose in the previous 31 day
period calculated according to H.P.-ODCM-8.

2.2 Estimate Rg = ratio of the volume of gaseous effluent in the present
31 day period to the volume released during the previous 31 day
period.

2.3 Estimate Fg = ratio of the estimated noble gas effluent'activity in
the present 31 day period to the noble gas effluent activity during
the previous 3] day period.

e

2.4 Determine PDg = projected 31 day gamma air dose

PD =D (R F
B g ( g 8)

PROJECTED BETA DOSE

3.1 Determine Db = the 31 day beta air dose in the previous 31 day
period, calculated according to H.P,-ODCM-8.

3.2 Estimate Rg and Fg as in Steps 2.2 and 2.3 above,
3.3 Determine PDb = projected 31 day period beta air dose

PDb = Db (Rg Fg)

PROJECTED MAXIMUM EXPOSED MEMBER OF THE PUBLIC DOSE

4.1 Determine Dm = the 31 day maximum exposed member of the public
dose in théu(previous 31 day period, calculated -according to
H.P.-ODCM-9.

4,2 Estimate F, = ratio of the estimated activity from I-131, radio-
active matérials in particulate form with half-lives greater than 8
days, ahd tritium in the present 31 day period to the activity of
I1-131, radioactive materials in particulate form with half-lives
greater than 8 days, and tritium in the previous 31 day period.
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4.3
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Determine PD x " projected 31 day maximum exposed member of the
public dose. '
5

PDmax = Dmax (Rg F

Historical data pertaining to the <volumes and radioactive
concentrations of gaseous effluents released i1in connection to
specific station functions, such as containment purges, shall be
used in the above estimates as appropriate.

EXAMPLE
5.1 Compilation of data from release records for the process vent in a
31 day period provides the following information:
Noble Gas Radionuclide Activity Released (Curie)
Xe-133 ' 2.08E+01
Xe-135 _ 7.47E-02
Xe-131m 2.24E-02
Xe-133m 1.27E-02
5.2 Compilation of data from release records for the ventilation vents

in a 3] day period provides the following information:

Noble Gas Radionuclide Activity Released (Curie)
Xe-133 ' 1.87E+02
Xe-135 6.73E-01
Xe-131m 2,01E-01
Xe-133m ' 1.14E-01

5.3 The air dose for gamma radiation 1is calcuiated éccording to

H.P.-ODCM-8 from:

Dg = 3‘17E-08‘i [Mivv Qv * Mipv Qipv]
The appropriate values of M and M are obtained from Tables 7.0
ivv ipv
and 7.1.
Noble Gas Mivv‘ ’ akvv v (mrad-sec)
Radionuclide (mrad/yr per Curie/sec) x (Ciurie) = vr
Xe-133 2.12E+04 x 1.87E402 = . 3.96E+06
Xe-135 1.15E+05 X 6.73E-0]1 = 7.74E+04
Xe-131lm 9.36E+03 x 2,01E-0]1 = 1.88E+03
Xe~133m 1.96E+04 x 1.14E-01 = 2.23E+03
i Mivv inv = 4 .04E+06




5.4

5.5

5.6
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Noble Gas Mi v '6i (mrad-sec)
Radionuclide (mrad/yr pe? Curie/sec) x ciPie) = vr
Xe-133 3.53E+02 x 2.08E+01 = 7 .34E+03
Xe-135 1.92E+03 x 7.47E-02 = 1.,43E+02
- Xe=131m 1.56E+02 X 2.24E-02 = 3.49E+00
Xe-133m 3.27E+02 x 1.27E-02 = 4.15E+00
i Mipv Qipv = 7.49E+03

- _nr . (YL ,mrad-sec ' mrad-sec

Dg = 3.17E-08 (sec) [ 4.04E+06 (——-;G:-—Q + 7.49E+03 (———;;;-——) ]

Dg = 1.2BE-01 mrad -

Total volume of gaseous effluent released in 31 day period is:

31 day average flow 31 day average flow rate min

.rate (CFM) for + (CFM) for ventilation ] x 4.46E+04 31 day
process vent vent’

Total Volume (£t°) = (295 CFM + 120,000 CRM) x 4.46E+04

Tdtal Volume (ft3)

5.37E+09

Estimated total volume in 31 day period = 4.46E+09 (ft3)

Therefore, Rg = 4,46E+09 = 0.83
5.37E+09

The total activity released in 31 day period is:

31 day process vent . + 31 day ventilation vent A+ B
total activity (Curies) o total activity (Curies)

Total activity released = (2.09E+01 Curies + 1.88E+02 Curies)
Total activity released = 2,09E+02 Curies
Estimated total activity released = 2.50E+02 Curies

Therefore, Fg = 2.50E+02 = 1,20 -
2.,09E+02 :

The projected 31 day gamma air dose is:

P’ =D (Rg F
g g (Rg Fg)



PD
g

PD
g

= 1.28E-01 mrad x 0.83 x 1.20

= 1,27E-01 mrad
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1 Technical Specification Requirement 2

2 Calculation 2
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TECHNICAL SPECIFICATION REQUIREMENT

Technical Specification 3.11.C.1 requires that: "The annual (calendar

_.year) dose or dose commitment to the maximum exposed member of the

public, due to releases of radioactivity and radiation, from uranium fuel
cycle sources shall be limited to less than or equal to 25 mrems to the
total body or critical organ (except the thyroid, which shall be limited
to less than or equal to 75 mrems)".

CALCULATION

Cumulative dose contributions from liquid and gaseous effluents shall be
determined in accordance with the methodology presented in H.P.-0DCM
Sections 4, 8, 9, or Regulatory Guide 1.109, Rev. 1 (see Appendix B).

If the dose to the maximum exposed member of the public exceeds twice the
limits of Specifications 3.11.A.2, 3.11.B.2, or 3.11.B.3, the dose
commitment shall include the contribution from direct radiation. Direct
radiation shall be determined from an evaluation of environmental TLD's
or calculated using the simple methodology presented in Lamarsh,

Introduction to Nuclear Engineering, June 1977, or point kernal computer

codes such as QAD.
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. ' . SURRY POWER STATION

OFFSITE DOSE CALCULATION MANUAL

SECTION 12

Semiannual Radioactive Effluent Release Report Dose Assessment

Part Subject ' Page

1 Technical Specification Requirement 2

2 ) Dose Assessment 2
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1. TECHNICAL SPECIFICATION REQUIREMENT

Technical Specification 6.9.1.12 requires that the Semiannual Radioactive

.-Release Report submitted within 60 days after January 1 of each year

include, in part, an assessment of the radiation doses to individuals due
to the radiocactive liquid and gaseous effluents from the station during
the previous calendar year, and an assessment of the radiation doses to
the maximum exposed member of the public from reactor releases and
radiation,

DOSE ASSESSMENT

1.

The radiation doses to individuals due to the radioactive liquid and
gaseous effluents from the station during the previous calendar year
shall be calculated using the methodology presented in this Manual
or in Regulatory Guide 1.109 (Revision 1), October 1977, "Calcula-
tion of Annual Doses to Man from Routine Releases of Reactor Efflu-
ents for the Purpose of Evaluating Compliance with 10CFR Part 50,
Appendix I" (see Appendix B). Population doses are not to be
included in the dose assessment.

The dose to the maximum exposed member of the public due to the
radioactive liquid and gaseous effluents from the station shall be
incorporated with the dose assessment performed above. If the dose
to the maximum exposed member of the public exceeds twice the limits
of Specifications 3.11.A.2, 3.11.B.2 or 3.11.B.3, the dose

‘assessment shall include the contribution from direct radiation.

U.S. Nuclear Regulatory Commission NURBG-0543, February 1980,
"Methods for Demonstrating LWR Compliance With the EPA Uranium Fuel
Cycle Standard (40CFR Part 190)", states "There is reasonable-
assurance that sites with up to four operating reactors that have
releases within Appendix I design objective wvalues are also in
conformance with the EPA Uranium Fuel Cycle Standard, 40CFR Part

. 190",

The meteorological conditions during the previous calendar year or
historical annual average atmospheric dispersion conditions shall be
used for determining the gaseous pathway doses.
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1.0 LAND BASED SAMPLES
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Particulate and Charcoal Air Samples

Hog Island Reserve (HIR) -
Bacon's Castle (BC) -

- Alliance (ALL) -

Colonial Parkway (CP) -

Dow Chemical -

Fort Eustis (FE) -

Newport News (N.N.) -

Surry Station (SS) -

Environmental TLD's .

Control - (00)

Surry Station - (01)

West North West - (02)

Station Discharge - (03)

Route 650 to Hog Island Reserve, end of
dirt road of reserve. On Vepco pole on
right side of road.

50 yards back on Rt, 617 from intersection
of Rt. 617 and Rt. 10 on Vepco pole near
Addison's Grocery #2.

Route 10 to Route 634 north; 1.4 miles on
Vepco pole on right side of road.

Take Route 31 from James River Ferry,
Jamestown, to Route 359. Take Colonial
Parkway for approx. 2.9 miles; sampler on
right side of road on Vepco pole.

Route 60 east to Dow Chemical Road at
Badische Corp. sign. Follow road parallel
to railroad tracks. At first curve in
road, turn left at substation. Air sampler
inside substation.

Route 60 east to Fort Eustis entrance road.
Straight to circle, first right out of
circle onto Lee Blvd. Left on Harrison
Road to stop sign; continue on Harrison
Road to small railroad house on left.
Vepco pole by this house on left.

Route 60 east (Warwick Blvd.) to 34th
Street. Left on 34th Street, one block to
Jefferson Avenue, left on Jefferson Avenue.
Sampler inside Vepco substation.

On roof inside station gate on top of
storeroom area Unit #1 side.

Control TLD 1located in shield in count
room.

See air sample location - Surry Power
Station

Located on the center, rear fence of the
sewage treatment plant.

End of dischafge structure.




Environmental TLD's (cont'd)

North North West - (04)

North - (05)

North North East - (06)

North East - (07)
East North East - (08)
Easf (exclusion) - (09)

West - (10)
West South West - (11)
South West - (12)

South South West - (13)

South - (14)

South South East - (15)
South East - (16)

East - (17)
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Take dirt road on left, on the north side
of discharge canal. At the end of the
road, walk through the gate and TLD will be
located on a pine tree.

Prior to entrance to Hog Island Game
Reserve, located on Vepco property sign, on
left side of Route 650.

Take the second dirt road to the construc-
tion site, prior to the intersection of the
other construction site roadway, TLD is
located on a tree.

Located on the mnorthern property line,
approx. 1250 feet from Route 650. TLD is
attached to a Vepco property sign.

Located on the northern property line,
approx. 2500 feet from Route 650. TLD is
located on Vepco property sign. :

Located on a telephone pole on the back
corner of the Vepco construction project
parking lot. :

Located on Vepco property sign
approx. 1600 feet from Route 650.

Located on telephone pole approx. 800 feet
from Route 650. -

Located on a telephone pole, on Route 650,
at the curve in road.

Located on a telephone pole on Route 650.

Take road to warehouse off of Route 650.
TLD located on first telephone pole on the
right.

Drive to the primary meteorological tower.
Walk toward Vepco property 1line and turn
right. TLD is located on a telephone pole,
approx. 600 feet.

Drive to the primary meteorological tower.
Walk toward Vepco property line and turn
left. TLD located on telephone pole,
approx. 1000 feet.

TLD located behind the low level radwaste
storage facility. Contact the environmen-
talists to obtain sample.



Environmental TLD's (cont'd)

Station Intake - (18)

Hog Island Reserve - (19)
Bacon's Castle - (20)

Route 633 - (21)

Alliance ~ (22)

Surry - (23)

Route 636 & 637 - (24)

Scotland Wharf - (25)
Jamestown - (26)

Colonial Parkway - (27)

Route 617 & 618 - (28)

Kingsmill - (29).
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Located at loading pier. TLD on loading
dock boom. .

See Air Sampler Location (HIR).
See Air Sampler Location (BC).

Route 10 west to Route 633 north, approx.
2.0 miles on Vepco pole on right side of
road.

See Air Sampler Location (ALL).

On Route 10 west one block prior to
reaching caution light at intersection of
Route 10 and Route 31 in town of Surry. Omn
Vepco pole on left side of road.

Route 10 to Route 634 north, approx. 1.5
miles take left on Route 636, approx. 2
miles to Route 637. On Vepco pole on left
side of road approx. 50 yards past Cobham
Wharf Road (Rt. 636) and Route 637
junction.

Route 10 to Route 31 north toward toll
ferry. On Vepco pole on left side of road,
left of the ferry toll collection booth.

Take ferry from Scotland Wharf to
Jamestown. On Vepco pole on left side of
road, left of the toll collection booth.

See Air Sampler Location (CcP).

Route 31 from ferry on Jamestown side to
Route 359 to Colonial Parkway. Parkway
toward Williamsburg approx. 3.0 miles turn
left into Smith dairy, turn left past
house, Take road between out-buildings,
(dirt road) to hard surface road. Take
right on hard surface road, approx. 1.3
miles to intersection of Routes 617 and
618. On Vepco pole on right side of road,
at intersection.

Route 31 from ferry on Jamestown side to
Route 359 to Colonial Parkway. Approx.
0.40 miles on Colonial Parkway after
crossing College Creek Bridge and before
crossing Halfway Creek Bridge. On large
pine tree on right side of road.




Environmental TLD's (cont'd)

Williamsburg - (30)

Kingsmill North - (31)

Budweiser -~ (32)

Water Plant - (33)

DOW - (34)

Lee Hall - (35)

Goose Island - (36)

Fort Eustis - (37)
Newport News - (38)

Control, James River
Bridge - (39)

Control, Benn's
Church - (40)

Smithfield - (41)
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On Colonial Parkway follow. signs to
Williamsburg information center. Turn into
entrance road to information center.
Approx. 30 yards from entrance on Vepco
pole on right side of road.

Route 199 to Mounts Bay Road (entrance to
Kingsmill on the James), past guard house
on Southall Road to first left om Peyton
Road, take left again on Peyton Road to
house #109. In backyard on pine tree.

Route 199 to Route 60 east to stoplight at
Busch Brewery. Take left at light dinto
plant. TLD on tree directly in front of
the plant.

Route 60 east past Busch Gardens to Ron
Springs Drive take right on Ron Springs
Drive to gate of water treatment plant. On
Vepco pole on right side of road at gate of
water treatment plant.

See Air Sampler Location (DOW).

Route 60 east to Lee Hall Village. On
Vepco pole on right side of road across
from Lee Hall train station.

Route 60 east to Fort Eustis entrance road.
Right into Fort Eustis then straight past
guard building to circle. First right out
of circle on Lee Blvd. until dead end in a
parking lot at harbor. On Vepco pole on
right side of parking lot.

See Air Sampler Locatioéon (FE).

See Air Sampler Location (NN).

Route 17 across bridge to Isle of Wight
side. Turn right behind state building
after exiting bridge. On Vepco pole behind
state building. :

At Benn's Church on Vepco pole toward rear
of church on exit road near Route 258.

Route 10 and Route 258 intersection on west
side of town. A stoplight near Little's
Supermarket. On Vepco pole at intersec-
tion.




Environmental TLD's (cont'd)

Rushmere - (42)-

Route 628 - (43)

Milk Samples

Judkins Dairy -

Colonial Parkway
(Smith) Dairy -

William's Dairy -

Epps Dairy - State Split
- State Collects -

Lee Hall (Ross) Dairy
— State Split - State
Collects -

Well Water WW

Hog Island Reserve -

Bacon's Castle -

Jamestown -

HP-ODCM-13
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Route 676 to Route 686 (bear right). First
road to left into Rushmere Shores, take
left on dirt road prior to reaching
waterfront homes. Go to first
intersection, on Vepco pole at corner of
intersection on dirt road.

Route 10 to Route 676 to left on Route 628.
On Vepco pole wunder first power line
crossing on right side of road.

Approx. 2.0 miles from intersection of
Route 10 and Route 617. First dairy on
left side of road.

Route 31 from James River Ferry, Jamestown,
to Route 359 to Colonial Parkway. Approx.
3.0 miles on Colonial Parkway first dairy
on left side of road.

Eleven miles from light at Benn's Church
take right on Route 634 (Kings Fork Road),
approx. 2.0 miles to Route 460, across
Route 460, approx. 1.5 miles on right side
of road.

Route 617 to Route 10, left on Route 10
approx. 400 yards on left side of road.

Route 60 east to Lee Hall Village. On left
side of road prior to reaching Lee 'Hall
train station.

See air sampler location (HIR). Sample
from faucet at nearest out-building by air
sampler.

See alr sampler location (BC). Sample from
faucet at Addison's Grocery {#2 at
intersection of Route 10 and Route 617.

See Jamestown TLD 1location. Sample from
pump in picnic area.
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Well Water (cont'd)

Surry Station -

Surface Water SW

Chippokes Creek -

Williamsburg, Waller
Mill Reservoir -

Newport News Reservoir -

Smithfield Reservoir -

Crop Samples

HP-ODCM-13
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Surry Power Station on Route 650. Sample
from faucet in Environmental Science
Building behind south annex.

Route 10 to Route 633 to Route 634 left to
first bridge. Take sample at bridge.

Colonial Parkway past visitors information
center. Follow signs to I-64 (Route 132 to
Route 143 north). On Route 143 north turn
left under sign that reads "Richmond".
Follow road that runs parallel to I-64 past
school exit road, past school entrance
road, left at next road, past Waller Mill
Park entrance to reservoir on right next to
road. Sample from reservoir.

Route 60 to Fort Eustis Blvd. (exit road
from Fort Eustis). Past TFort Eustis
approx. 0.5 mile to bridge crossing
reservoir. Sample from reservoir.

Route 10 to Route 258 west, right on Route
709 approx. 2.0 miles to reservoir on left
side of road. Take sample from reservoir.

In Bacon's Castle area, usually from Slade's farm on Route 650 approx.
2.0 miles from intersection of Route 650 and Route 617 toward Surry Power
Station and/or from Brock's farm near intersection for Route 650 and

Route 617.

RIVER BASED SAMPLES

River Water Samples

Chicahominy River
River.

Surry Station Discharge

Hog Island Point

Surry Station Intake

obain sample from the mouth of Chicahominy

Newport News - sample obtained downstream of the mouth of Warwick

River.
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. Silt Samples D
. Chicahominy River - mouth of the Chicahominy River.
Surry Station Discharge
Hog Island Point
Point of Shoals

Newport News

Clam C

Chicahominy River
Jamestown

Surry Station Discharge
Hog Island Point

Lawnes Creek
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1. TECHNICAL SPECIFICATION REQUIREMENT
. Technical Specification 3.11.D.3.a requires that: "Analyses shall be

.-performed on radioactive materials (which contain nuclides produced at
nuclear power stations) supplied as part of an Interlaboratory Comparison
Program that has been approved by the Commission. The Interlaboratory
Comparison Program is described in the ODCM".

2. PROGRAM
In order to comply with the above Technical Specification, analyses are
performed as part of the EPA's Environmental Radioactivity Laboratory
Intercomparison Studies (Cross-Check) Program.

Participation includes the following analyses:

Program Cross-Check Of:
Milk I-131, Cs~-137, Ba-140, X, Sr-89, -90

Water Gross Beta
" Gamma: Co-60, Ru-106, Cs-134, I-131,
Cs-137, Cr-51, Zn-65
I-131
H-3 (Tritium)

Sr-89, 90
' " Blind - any combination of above

radioguclides.
Air Filter Gross Beta
Cs-137, Sr-90
3. RESULTS

Results will be reported in the Radiological Environmental Monitoring
Report.
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PURPOSE

The purpose of the meteorological analysis was to determine the annual

.average X/Q and D/Q values at critical locations around the station for

ventilation vent (ground level) and process vent (mixed mode) releases.
The annual average X/Q and D/Q values were used in performing a dose
pathway analysis to determine both the maximum exposed individual at site
boundary and member of the public. The X/Q and D/Q values resulting in
the maximum exposures were incorporated into the dose factors in Tables
7.0, 7.1, 7.2, and 9.0,

2. METEOROLOGICAL DATA, PARAMETERS, AND METHODOLOGY

Onsite meteorological data for the period January 1, 1979, through
December 31, 1981, was wused in calculations. This data dincluded
windspeed, wind direction, and differential temperature for the purpose
of determining joint frequency distributions for those releases

characterized as ground level (i.e. ventilation vent), and those
characterized as mixed mode (i.e. process vent). The portions of release
‘characterized as ground level were based on AT158 9ft-28.2ft and 28.2
foot wind data, and the portions characterized as” miXed md&% were based

on AT158.9ft-28.2ft and 158.9ft wind data.

X/Q's and D/Q's were calculated using the NRC computer code "X0QDOQ -
Program for the Meteorological Evaluation of Routine Effluent Releases at
Nuclear Power Stations", September, 1977. The code is based upon a
straight line airflow model implementing the assumptions outlined in
Section C (excluding Cla and Clb) of Regulatory ‘Guide 1.111, "Methods for
Estimating Atmospheric Transport and Dispersion of Gaseous Effluents in
Routine Releases from Light - Water - Cooled Reactors".

The open terrain adjustment factors were applied to the X/Q values as
recommended in Regulatory Guide 1.111. The site region is characterized
flat terrain such that open terrain correction factors are considered
appropriate., The ground level ventilation vent Jrelease calculations
included a building wake correction based on a 1516m~ containment minimum
cross-sectional area. The effective release height used in mixed mode
release calculations was based on a process vent release height of 131
ft, and plume rise due to momentum for a vent diameter of 3 in. with
plume exit velocity of 100 ft/sec. Ventilation vent, and vent releases
other than from the process vent, are considered ground level as
specified in Regulatory Guide 1.111 for release points less than the
height of adjacent solid structures. Terrain elevations were obtained
from Surry Power Station Units. 1 and 2 Virginia Electric and Power
Company Updated Final Safety Analysis Report Table 11lA-ll.

X/Q and D/Q values were calculated for the nearest site boundary,
resident, milk cow, and vegetable garden by sector for process vent and
ventilation vent releases at distances specified from North Anna Power
Station Annual Environmental Survey Data for 198l. X/Q values were also
calculated for the nearest discharge canal bank for process and
ventilation vent releases.

¢
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According to the definition for short term in NUREG-0133, "Preparation of
Radiological Effluent Technical Specifications for Nuclear Power
Stations", October, 1978, some gaseous releases may fit this category,

.sprimarily waste gas decay tank releases and containment purges. However,

these releases are considered long term for dose calculations as past
releases were both random in time of day and duration as evidenced by
reviewing past release reports. Therefore, the use of annual average
concentrations is appropriate according to NUREG-0133.

The X/Q and D/Q values calculated from 1979, 1980, 1981 meteorological
data are comparable to the values presented in the North Anna Power
Station UFSAR.

RESULTS

The X/Q value that resulted in the maximum total body, ski and
inhalation exposure for ventilation vent releases was 6.0E-05 sec/m” at a
site boundary location 499 meters N sector. ., For process vent releases,
the site boundary X/Q value was 1.0E-06 sec/m~ at a location 644 meters S
sector. The discharge canal bank X/Q value that resulted in the mgximum
inhalation exposure for ventilation vent releases was 7.8E-05 sec/m” at a
location 290 meters NW sector The discharge canal bank X/Q value for
process vent was 1.6E-06 sec/m” at a location 290 meters NW sector.

Pathway analysis indicated that the maximum exposure from iodine-131,
and from all radionuclides in particulate form with half-lives greater
than 8 days was through the grass-cow-milk pathway. The D/Q value from
venti&ation vent releases resulting in the maximum exposure was 9.0E-10
per m- at a location 5150 meters S sector. For process vent releases,
the D/Q value was 4.3E-10 per m“° at a location 5150 meters S sector. For
tritium, the X/Q value from ventilation vent releases refulting in the
maximym exposure for the milk pathway was 3.0E-07 sec/m~, and 1.3E-07
sec/m~ for process vent releases at a location 5150 meters S sector. The
inhalation pathway is the only other pathway existing at this location.
Therefore, the X/Q values given for tritium also apply for the inhalation
pathway. '
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PURPOSE

The purpose of the liquid pathway analysis was to determine the maximum

.~exposed member of the public in unrestricted areas as a result of

radiocactive 1liquid effluent releases. The analysis includes a
determination of the most restrictive liquid pathway, most restrictive
age group, and the critical organ. This analysis 18 required for
Technical Specification 3.11.A.

DATA, PARAMETERS, AND METHODOLOGY

Radioactive liquid effluent release data for the years 1976, 1977, 1978,
1979, 1980, and 1981 was compiled from the Surry Power Station
effluent release reports. The data for each year, along with appropriate
site specific parameters and default selected parameters, was entered
into the NRC computer code LADTAP as described in NUREG-0133,
"Preparation of Radiological Effluent Technical Specifications for
Nuclear Power Plants", October 1978.

Liquid radioactive effluents from both units are released to the James
River via the discharge canal. Possible pathways of exposure for release
from the station 1include i1ingestion of fish and invertebrates and
shoreline activities, The irragated food pathway and potable water
pathway do not exist at this location. Access to the discharge canal by
the general public is gained two ways: access for bank fishing is
controlled by the station and is limited to Vepco employees or guests of
Vepco employees, and boating access is open to the public as far upstream
as the inshore end of the discharge canal groin. It has been estimated
that boat sport fishing would be performed a maximum of 800 hours per
year, and that bank fishing would be performed a maximum of 160 hours per
year., :

For an individual fishing in the discharge canal, no river dilution was
assumed for the fish pathway. For an individual located beyond the
discharge canal groins, a river dilution factor of 5 was assumed as
appropriate according to Regulatory Guide 1.109, Rev. 1, and the fish,
invertebrate, and shoreline pathways were considered to exist. Dose
factors, bioaccumulation factors, and shorewidth factors given in
Regulatory Guide 1,109, Rev. 1, and in LADTAP were used, as were usage
terms for shoreline activities and ingestion of fish and invertebrates.
The dose to an individual fishing on the discharge bank was.determined by
multiplying the annual dose calculated with GASPAR by the fractional year
the individual spent fishing in the canal.

RESULTS

For the years 1976, 1977, 1979, 1980, and 1981, the invertepréte pathway
resulted in the largest dose. 1In 1978 the fish pathway resulted in the
largest dose. The maximum exposed member of the public was determined to
utilize the James River. The critical age group was the adult and the
critical organ was either the thyroid or GI-LLI. The ingestion dose
factor, A,, in HP-ODCM-4 includes the fish and invertebrate pathways. A
dose factors” were ecalculated for the total body, thyroid, and GI—LLi
organs.
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PURPOSE

A gaseous effluent pathway analysis was performed to determine the

-~location that would result in the maximum doses due to noble gases for

use in demonstrating compliance with Technical Specifications 3.11.B.1l.a
and 3.11.B.2.a. The analysis also included a determination of the
location, pathway, and critical organ, of the maximum exposed member of
the public, as a result of the release of iodine-131, tritium, and for
all radionuclides in particulate form with half-lives greater than 8 days
for use 1in demonstrating compliance with Technical Specifications
3.11.B.3.a. In addition, the analysis includes the determination of the
critical organ, maximum age group, and sector location of an exposed
individual through the inhalation pathway from iodine-131, tritium, and
particulates for wuse in demonstrating compliance with Technical
Specification 3.11.B.l.a.

DATA, PARAMETERS, AND METHODOLOGY

Annual average X/Q values were calculated, as described in ODCM-Al, for
the nearest site boundary in each directional sector and at other
critical locations accessible to the public inside site boundary. The
largest X/Q value was determined to be 6.0E-05 sec/m® at site boundary
for ventilation vent releases at a location 499 meters N direction, and
1.0E-06 sec/m® at site boundary for process vent releases at a location
644 meters S direction. The maximum doses to total body and skin, and
air doses for gamma and beta radiation due to noble gases would be at
these site boundary locations. The doses from:both release points are
summed in ODCM calculations to calculate total maximum dose.

Technical Specification 3.11.B.l.a(ii) dose limits apply specifically to
the inhalation pathway. Therefore, the 1locations and X/Q values
determined for maximum noble gas doses can be used to determine the
maximum dose from iodine-131, tritium, and for all radionuclides in
particulate form with half-lives greater than 8 days for the inhalation
pathway.

The NRC computer code GASPAR, "Evaluation of Atmospheric Releases',
Revised 8/19/77, was run using 1976, 1977, 1978, 1979, 1980, and 1981
Surry Power Station gaseous effluent release report data. Doses from
iodine-131, tritium, and particulates for the inhalation pathway were
calculated using the 6.0E-05 sec/m® site boundary X/Q. Except for the
source term data and the X/Q value, computer code default parameters were
used. The results for each year indicated that the critical age group
was the child and the critical organ was the thyroid for the inhalation
pathway. In 1979, the teen was the critical age group. However, the
dose calculated for the teen was only slightly greater than for the child
and the doses could be considered equivalent.

The gamma and beta dose factors Livv' M, and N in
HP-ODCM-Table 7.0 were obtained by perf%rming 2 ‘units ' donversion oY the
appropriate dose factors from Table B-1, Regulatory Guide 1.109, Rev. 1,
to mrem/yr per Ci/m® or mrad/yr per Ci/m®, and multiplying by the
ventilation vent site boundary X/Q value of 6.0E-05 sec/m®. The same
approach was used in calculating the gamma and beta dose factors K,

and in HP-ODCM-Tgble 7.1 using the process vent iP¥e
b%BXdarfEWVQ value18¥ .0E-06 sec/ﬁgt
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. The inhalation pathway dose factors P, and Pi v in HP-ODCM-Table 7.2
» were calculated using the following equation: P
- P, =K' (BR) DFA, (X/Q) (mrem/yr per Curie/sec)
.where,
i K' = a constant of unit conversion, 1E+12 pCi/Ci;
BR = the breathing rate of the child age group, 3700 nP/yr, from
Table E-5, Regulatory Guide 1.109, Rev. 1;
DFAi = the thyroid organ inhalation dose factor for child age group
for the 4ith radionuclide, in mrem/pCi, from Table E-9,
Regulatory Guide 1.109, Rev. 1;
X/qQ = the ventilation vent site boundary X/Q, 6.0E=05 sec/m3, or the

process vent site boundary X/Q, 1.0E-06 sec/m~ as appropriate.

‘Technical Specification 3.11.B.3.a requires that the dose to the maximum
exposed member of the public from iodine-131, tritium, and from all
radionuclides in particulate form with half-lives greater 8 days be less ’
than or equal to the specified limits. Dose calculations were performed
for an exposed member of the public within site boundary unrestricted

areas,

discharge canal bank, and to an exposed member of the publie

beyond site boundary at real residences with the largest X/Q values using
the NRC computer code GASPAR. Doses to members of the public were also
calculated for the vegetable garden, meat animal, and milk-cow pathways
with the largest D/Q values using the NRC computer code GASPAR.

It was determined that the member of the public within site boundary
would be using the discharge canal bank for fishing a maximum of 160
hours per year. The:fmximum annual X/Q at this location was determined
to be 7.8E-05 sec/m”~ at 290 meters NW direction. After applying a
correction for the fractional part of year an individual would be fishing
at this location, the dose was calculated to be less than an individual
would receive at site boundary.

The member of the public receiving the largest dose beyond site boundary
was determined to be located 5150 meters S sector. The critical pathway
was the grass-cow-milk, the maximum age group was the infant, and the
critical organ the thyroid. For each year 1976, 1977, 1978, 1979, 1980
and 1981 the dose to the infant from the grass-cow-milk pathway was
greater than the dose to the member of the public within site boundary,
nearest residence, vegetable or meat pathways. Therefore, the maximum
exposed member of the public was determined to be the infant, exposed
through the grass-cow-milk pathway, critical organ thyroid, at a location
5150 meters S sector. The only other pathway existing at this location
for the infant is the inhalation.

The RM

and RM dose factors, except for tritium, in HP-ODCM-Table

following equation:

‘ 9.0 weil’ calculaé‘gg by multiplying the appropriate D/Q value with the

=A.t =, t
RM, "= K’ Qp (Uag) F_(r) (DFL,) [fpfs + (1-fpfs)e 1he +f




HP-ODCM-A3
Page 4 of 5

. K' = a constant of unit conversion, 1E+12 pCi/Ci;
QF = the cow's consumption rate, 50, in Kg/day (wet weight);

= the infant milk consumption rate, 330, liters/yr;

ap
Y =  the agricultura]2 productivity by unit area  of pasture feed
P grass, 0.7, Kg/m";
YS = the agr}cultural productivity by unit area of stored feed, 2.0,
in Kg/m";
Fm = the stable element transfer coefficients, from Table E-1,
' Regulatory Guide 1.109, Rev. 1;
T = fraction of deposited activity retained on cow's feed grass,
1.0 for radioiodine, and 0.2 for particulates;
DFLi = the thyroid ingestion dose factor for the ith radionuclide for
the infant, in mrem/pCi, from Table E-14, Regulatory Guide -
1.109, Rev. 1; . |
S . . - ‘
Ai = the decay constant for the ith radionuclide, in sec 1; }
Aw = the decay constant for removal of activity on leaf and plant
surfaces by weathering, 5.73E-07 sec - (cqrresponding to a 14
day half-life); '
tf = the transport time from'pasture to cow, to milk, to receptor,
1.73E+05, in sec;
th = the transport time from pasture, to harvest, to cow, to milk,
to receptor, 7.78E+06, in sec; '
f = fraction of the year that the cow 1is on pasture, 0.67
P (dimensionless), 8 months per year from NUREG-0597;
fS = fraction of the cow feed that 1s pasture grass while the cow is

on pasture, 1.0 (dimensionless).

Parameters used in the above equation were obtained from NUREG-0133 and
Regulatory Guide 1.109, Rev. 1.

Since the concentration of tritium in milk is based on the airborne
concentration rather than the deposition, the following equation is used:

Ry 3 =K' K'"' F QU (DFLy ) [0.75(0.5/B)] x X/Q

where,

‘ K''' = a éonstgnt of unit conversion, 1E+03 gm/kg;

H = absolute humidity of the atmosphere, 8.0, gm/m3;



0.75
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the fraction of total feed that is water;

the ratio of the specifiec activity of the feed grass to the
atmospheric water;

the annualraverage coqfentration at a location 5150 meters §
sector, 3,0E<07 sec/m~ for ventilation vent releases, and
1.3E-07 sec/m~ for the process vent releases.

Other parameters have been previously defined.

The inhalation pathway dose factors RI and RI in HP-ODCM-Table 9.1

. were calculated using the following equggﬁon:

where,

Kl

BR

DFA,
S §

X/Q

ipv

RIi = K' (BR) DFAi (X/Q) (mrem/yr per Curie/sec)

a constant of unit conversion, 1E+12 pCi/Ci;

the breathing rate of the infant age group, 1400 m®/yr, from
Table E-5, Regulatory Guide 1.109, Rev. 1;

the thyroid organ inhalation dose factor for infant age group
for the ith radionuclide, in mrem/pCi, from Table E-10,
Regulatory Guide 1.109, Rev. 1;

the ventilation vent X/Q, 3.0E-07 sec/m®, or the process vent
site boundary X/Q, 1.3E-07 sec/m®, at a location 5150 meters S
sector. .

The GASPAR computer runs using 1976, 1977, 1978, 1979, 1980 and 1981
Surry effluent release data were reviewed to determine the percent of
total dose from the cow milk and inhalation pathways for I-133. 1I-133
contributed less than 1% of the total dose to an infant's thyroid except
for the year 1977 when the percent I-133 was 1.77. The calculations
indicate that I-133 is a negligible dose contributer and it's inclusion
in a sampling and analysis program, and dose’ calculations is unnecessary. -
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A. INTRODUCTION

ndix ], "Sumerical Guides for Desfgn Objectives and Limiting Conditions for' Operation
to Meet the Criterion °As Low As Is Rensonlb'l,z Achievable' for Radioactive Material in Light-
Water-Cooled Nuclear Power Reactor Effiuents,” to 10 CFR Part 50 provides numerical guidance for
radioactive effluent design obfectives and technical specification requirements for limiting
conditions of operation for light-water-cooled nuclear power plants. :

To fmplement Appendix I, the NRC staff has developed a series of guides that provide methods

. acceptable to the staff for the calculation of preoperational estimates of effluent releases,
dispersion of the effluent in the atmosphere and different mater bodies, and estimation of the
associated radiation doses® to man. This guide describes basic features of these calculational
models and suogests parameters for the estimation of radiatfon doses to man from effluent releases.
The methods used herein are general approaches that the MRC staff has developed for application

in Vieu of specific parameters for individual sites. The use of site-specific values by the
applicant fs encouraged. However, the assumptions and methods used to obtain these parameters
should be fully described and documented.

Portions of this guide supe;-sede Regulatory Guide 1.42, Reviston 1, ®Interim Licensing
Policy on as Low 85 Practicable for Gaseous Radiofodine Releases from Light-Water-Cooled Nuclear
Power Reactors,” which has been withdrawn.

B. DISCUSSION

Appendix I to 10 CFR Part 50 provides guidance on the doses to members of the general
public resulting from effluent releases that may be considered to be as low &s {s reasonably
achievable. This guide describes basic features of the calculationa] models and assumptions in
use by the NRC staff for the estimation of doses.

Appendix A of this guide describes suggested models and assumptions for calculating the
estimated doses to man from discharges to the hydrosphere. Appendix B of this guide describes
suggested models and gssumptions for calculating doses from roble geses discharged to the atmos-
phere, and Appendix C gives models and assunptions for estimating doses from radiofodines and
other radionuclides released to the atmosphere. Appendix D describes the models and assumptions
for calculating populaiion doses {man-rem and man-thyroid-rem) from radionuclide releases to the
atmosphere and hydrosphere. Appendix E presents tabular data pertaining to two or more of the
other appendices. Appendix F provides a discussion of, and derivation for, the I function used
in computing gasma doses from elevated noble gas releases.

In providing guidance for implementing Section II of Appendix I, the NRC staff has made use
of the maximum exposed individual approach. In this approach the numerical design objectives of
Section 11 are compared to the calculated radfation exposures to maximum individuals 1n each of
four age groups.

The population 1s considered to be made up of infants (0 to 1 year), children {1 to 11 years),
teenagers (11 to 17 years), and adults (17 years and older). For the purpose of evaluating dose
commitment, the maximum {nfant {s assumed to be newborn, the maximum child is taken to be 4 years
:1d. the :?x‘llun teenager 15 taken to be 14 years o1d, and the maximum adult s taken to be

7 years old. :

Maximum indfviduals are characterized as "maximum™ with regard to food consumption, occupancy,
and other usage of the region in the vicinity of the plant sfte and as such represent tndividuals
with habits representing reasonable deviations from the average for the population in general.

In 811 physfological and metabolic respects the maximum exposed individusls are assumed to have
those cheracteristics that ropresent the averages for their corresponding age oroup in the general

®

In this guide, the term “dose,” when applied to individuals, 1s used instead of the more precise
term “dose equivalent,” as defined by the International Commission on Radiologfcal Units and
Measurements (ICRU). When applied to the evaluation of {nternal deposition of radicactivity,
the term "dose,” as used here, includes the prospective dose component arising frod retentfon

- in the body beyond the perfod of environmental exposure, f.e., the dose commitment, The dose
commitment s evaluated over a period of 50 years.

‘ .'m“




population. Although specific tndividuals will almost certainly display dietary, recreational, .
- and other 1iving habits considerably different from those suggested here, and actusl physiological
and metabolic parameters may vary considerably, the NRC staff considers the maximum exposed
individual to be a well-defined reference for fmplementation of Section II of Appendix 1. The
characterizetion of maximum exposed Individuals s subject to continuing review by the MRC staff,
and the applicant 15 encouraged to use {nformation and data applicable to a specific region or
site when possible. there site-specific information and data s used, 1ts Justification should
be documented for the NRC staff's review.

Since the radiation dose commitment per unit fntake of a given radionuclide usually varies
as a function of age, four sets of fnternal dose conversfon factors have been calculated. These
dose factors are appropriate for the four different age groups defined above. Specifically,
these dose factors are based on continuous intake over a one-year environmental exposure perfod
and an assocfated dose commitment extending over a 50-year period from initiation of intake.

The models and assumptions described in Appendices A, B, C, and D of this guide are accept-
able to the NRC staff for calculating doses to fndividuals and populations. If other models are
selected, they should include the same exposure pathwhys considered In the models described in
this guide. The assumptions and methods used should be fully described and documented.

As discussed in Sectfon IT1.A.2 of Appendix 1 to 10 CFR Part 50, the applfcant mey take
fnto account any real phenomens or actual exposure conditions. Such conditions could include
actual values for agricultural productivity, dietary habits, residence times, dose attenuation
by structures, measured envirormental transport factors (such as biocaccumulation factors), or
simflar valuves actually determined for a specific site. The applicant should provide enough
{nformation on the measurements or other methods used to derive these substitute values to
enable the NRC staff to evaluate their validity. ... ’

wore L, Svrd CergiBrignhANIRY POStYion ~~§if~r._u'f1*?.9u R 44
Equatfons are provided below by which the NRC staff will uﬂ-te radiation exposure for
maximum individuals and the population within 50 miles. These equations are appropriate for the
exposure pathways that the staff routinely consfders in 1ts evaluations. In addition, other . .

exposure pathways that mey arise due to unique conditions at a specific site should be considered
1f they are likely to provide a significant contribution to the total dose. A pathway s con- '
sidered significant 1f a conservative evaluation yields an additional dose {ncrement equal to or
more than 10 percent of the total from all pathways considered in this guidz.

1. Doses from Liquid Effluent Pathways

The NRC staff will calculate radiation doses from potable water, squatic food, shoreline
deposits, and {rrigated food pathways by using the following equations, which are described -in
detail 1n Appendix A of this guide. .

a. Potadle Hater

U, M .
Rypg = 1100 42 ; Qy0, 4p exP(-3ytp) | 4}
_b. Aquatic Foods
v, M -
Rypg = 1100 —'-E—E; Qy84,Dy 4pg®=P(-Ast,) - ()

c. Shoreline Deposits

U, NV ‘
R,pg = 110,000 —‘E,P—; Q70 gpg [exp(-24 0301 - exp(-2ty)] (3)
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d. Irrigated Foods
For all radionuclides except tritfum:
V*Ed * iy

. nime! F Fudutss {q 4 jexpler 1) [r[1 - oxp(-agt,)]

Raps * Yap ;‘1“" A4t )0 4p5

v'Ed
AN 'jf::( LY c“_o,‘,} : | )
For tritium:
Raps = UipCulups * Yap ™ Dups FALCLGE * Cpulp) | (5)
where .
8 1s the equilibrium bfoaccumulation factor for nuclide { in pathway p, expressed

e as the ratio of the concentration in bfota (in pCi/kg) to the radionuc)ide
conicentration in water (in pCi/liter), in liters/kg;

1s the concentration factor for uptake of radionuclide {1 from soil by edible
parts of crops, In pCi/kg (wet weight) per pCi/kg dry sofil;

ciAw is the concentration of radionuclide 1 in water consumed by animals, in
pCi/liter;

is the concentration of radionuclide 1 in vegetation, {n pCi/kg;
atp3 is the dose factor, specific to a given age group a, radionuclide 1, pathway p,
p and organ j, which can be used to calculate the radiation dose from an ‘
intake of a radionuclide, {n mrem/pCi, or from exposure to a given concentra-
tion of a radionuclige in sediment, expressed as a ratio of the dose rate .,
{in mrem/hr) and the sreal radionuclfde cmentration {fn pCi/
‘1 1s the deposition rate of nuclide 1, in pCl/n per hr;
F 15 the flow rate of the Viquid effluent, in ft¥/sec;
fl 4s the fraction of the year crops are {rrigited, dimensionless;
iA {s the stable element transfer coefficient that relates the daily Intake rate
by an animal to the concentration in an edible portfon of animal product, in
pCi/liter (milk) per pCi/day or pCi/kg (animal product) per pCi/day;
ll’ 1s the mixing ratio (reciprocal of the dilution factor) at the point of
exposure (or the point of withdrawal of drinking water or point of harvest
of aquatic food), dimensionless;
1 4 1s the effective “surface density” for soil, in kg(dry SO")IIz;
Q‘. 1s the consumption rate of contaminated water dy an animal, in Viters/day:

°F 1s the consumption rate of contaminated feéd or forage by an animal, in
kg/day (wet weight);

0' 15 the release rate of muclide 4, In Li/sv;
r s the fraction of deposited activity retained on crops, limiiuﬂess;

is the tota) amnual dose to organ § of individuals of age grwp a from all
5] of the nuclides § in patway p, n mrem/yr; .
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"b 1s the period of ti-e for which sediment or sofl §s exposed to the conuminated .

water, in hours;

t, 1s the time period that crops are exposed to contamination during the growing
season, in hours; _
t, fs a holdup time that represents the time {nterval between harvest and
consumption of the food, in hours;
'r, 1s the radicactive half 14fe of nuclide §, in days:
t is the average transit time required for nuclides to reach the point of
P exposure. For internal dose, tp 1s the total time elapsed between release
of the nuclides and ingestion of food or water, in hours;
U.p 1s 8 usage factor that specifies the exposure time or {ntake rate for an
:nc/ﬂvidua'l of age group a assocfated with pathway p, in hr/yr, t/yr, or
S/yri
| s ghe shoreline width factor, dimensfonless;
v, is the agricultural productivity (yield), in kg{wet night)/mz;
Agy " §s the effective removal rate constant for Tedionuciide 1 from crops, fn hr-!

where Apg S A Y A )y is the radioactive decay constant, and Ay is the
rotgs i iy ,,,,, .,,,.,,;m é rate constant for physical loss by weathering (see Appendix g,

15);
A is the radfcactive decay constant of nuclide 1, in hr)
1100 s the factor to convert from (C1/yr)/(ft%/sec) to pCi/1fter; and
110,000 1s the factor to convert from (Ci/yr)/(ftslsec) to pCi/1{ter and to account

for the proportionality constant used in the sediment radiocactivity model.

These equations yfeld the dose rates to varfous organs of individuals from the exposure
pathways mentioned above. Appendix I of 10 CFR Part 50 requires that the annual doses or dose
commitments to the total body or any organ of any individual from the sum of the exposure path-
ways fni:m '{1qu1d effluents assocfated with each reactor should not exceed 3 mrem and 10 mrem,
respectively.

2. Gamma and Beta Doses from Noble Gases Discharged to the A sghere'

The NRC staff wi'l'l calculate radiatfon doses from noble gases using the following equations

from Appendix B of this guide. Atmospheric dispersion models are found in Regulatory Guide 1.111,

“Methods for Estimating Atmospheric TnnspOrt and Dispersion for Gaseous Effluents on Routine
Releases from Lfght-Nater-Cooled Reactors.*

8. Annual Garma Air Dose from Noble Gas Releases from Free-sundin Stacks More Than
BO Weters Higﬁ

D"(l‘.e) . _(t‘_‘oT 'I' .ulg z "l(Ek) Ek""'“""!"t’ ; g"&{ (6)

where

'A" 4z the photon yleld for garma-ray photons in energy group k from the decay
of radifonuclide 1, tn photons/disintegration;

DY(r,0) h the annual gam air dose at a distance r (meters) in the uctor at angle 6,

tn mrad/yr;
E, 42 the energy of the kth photon energy group, n MeV/photon;

1.108-4
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A

'as fs the joint frequency of occurrence of stability class s and wind speed
class n for sector o, dimensionless;
I(H,u.8,.0 'Ek) is the dimensionless mumerical integration constant accounting for the
z listribution of radioactivity sccording to meteorological conditions of wind
peed (u) and atmospheric stabflity (3 which 1n part determine the effective
suck haight (K) and the vertical plume standard deviation ("z) In addition,
1 15 a function of the photon energy E, end 1s T =T, ¢ kT, as formslated in
Sude (Appendix B, Reference 1);
1 15 the release rate of radionucliide 1, corrected for decay during transit to
: the distance r under wind speed Upe in Ci/yr;
L 1§ the mean wind spied of wind speed class n, in m/sec;
1] 1s the sector width over which atmospheric conditions are averaged, in
_ radians; .
“a(sk) 45 the afr enargy absorption ecoefficient for the kth photon energy group, in
s and

260 is the conversion factor to obtain DY(r,0), in mrad/yr, and has the units
of mrad-rad{ |ns-n3-d151nt.egnt1 on/sec-MeV-Ci.

b. Annual Gamma Air Dose from A1l Other Noble Gas Releases; Annua1 Beta Afr Dose from All
Noble Gas Releases

D"(r.6) or D¥(r,6) = 3.17 x 10° ) QyLxw/a2(r. ) (0F] or OFS) ”n
where
DF}, DF: are the gamma and beta air dose factors for a uniform semi-{nfinite cloud of
radionuclide 1, 1n mrad-m /pCi-yr.
DY(r.0) or S .
D'(r.e) are the annual gamma and beta afir doses at the tﬂstance r in the sector at
angle 6 from the discharge point, {n mrad/yr;
01 1s the release rate of the radionuclide 1, in c1/y|.-;
[x/Q]D(r.e) 1s the annual average gaseous dispersion factor {(corrected for radioactive

decay) at the distance r in sector o in uclm’ (see Regulatory Guide 1.111,
"Methods for Estimating Atmospheric Transport and Dispersion of Gaseous
Effluents in Routine Releases from Light-Nater-Cooled Reactors,” for methods
to estimate x/Q); and

3.17 x 10t 15 the mumber of pCi per Cf divided by the mmber of seconds per year.

€. Annua) Total Body Dose from Noble Gas Releases from Free-Standing Stacks More Than
80 Meters High

0(r,0) = 1.1 5 ] Of(riedeml-4] )ty e
where
DT(r.o) s the sannual total body dose at the distance r in sector o, in wrem/yr;
Dz(r.o) 1s the annual gawma afir dose assoctated with the kth photon energy group at
the distance r in sector @, in mrad/yr;

p——
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SF 48 the attenuation factor that accounts for the dose reduction due to .
’ shielding provided by residential structures, dimensioniess;

t‘ 1s the product of tissue density and depth used to determine & total body
dose, in nluz;
"I(Ek) ' 1s the tissue energy absorption coeffictent, In azlg; and
.1 1s the average ratfo of tissue to air energy absorption coefficients.

d. Annua) Skin Dose from Noble Gas Releases from Free-Standing Stacks More Than 80 Meters High

B5(r.8) = 1.115,Dy(r,0) + 3.17 x 10* ) 0,[x/Q)0(r,e)0Fs, (9)

where

nrs, 15 the beta skin dose factor for a semi-infinite cloud oflndionuc'lide 1,
which includes the attenuation by the outer "dead” layer of the skin, in

m-h’/pti_—yr; and
D’(r.e) 1s the annual skin dose at the distance r in sector 6, in mrem/yr. .

.- . o -l

A1l other parameters are as defined in preceding paragraphs. : e

e. Annual Total Body Dose from A1) Other Moble €as Releases

DL(r.e) = S J xy(rioloFs, (10)

where )
‘ DFB‘ is the total body dose factor for a semi-infinite cloud of the radfenuclide 1, ‘ .
which includes the attenuation of § g/alz of tissue, in m-m3/pc1-yr;

DI(r.e) 1s the annual total body dose due to fmmersion 1n a semi-infinite cloud at
the distance r in sector 6, {n mrem/yr; and

x,(r..e) 1s the annual average ground-level concentration of radionuclide 1 at the
distance r in sector e, in pCi/ma. ’

A1l other parameters are as defined above.
f. Annus) Skin Dose from A1l Other Noble Gas Releases

i(r.0) = 1.1 5 ] xq(rs@)OFY + ; x4 (re@)OFS, )
where '

DS(r.0) 15 the annual skin dose due to fmmersion in a semi-infinite cloud at the
distance r in sector ¢, {n mrem/yr.

A1l other parameters are as defined above.

3. Doses from Radiofodines and Other Radionuclides® Reisased to the Atmosphere

The NRC staff will calculate radiation dozes from radiofodines and other radionuclides
released to the atmosphere using the following equations from Appendix C of this guide.

—————— .
* Mot Including noble gases. J—

. »

' .‘m-‘
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a. gnun ?_;n Pose from External Irradiation from Radionuclides Dépgsﬂ.ed onto the
round Surface .

where '
cf(r.e) 18 the ground plane concentration of redionuclide 4 at distance r n
sector &, 1n ’Cillzi
DFG, 3 1s the open field ground plane dose conversion factor for organ § from radio-
" muctide 1, in mrem-a?/pCi-hr; .
Dg(r.e) 1s the annual dose to the organ § at Yocation (r,c), in mrem/yr;
S¢ 1s a shielding factor that accounts for the dose reduction due to shielding
provided by residential structures during occupancy, dimensfonless; and
8760 is the number of hours in a year.

b. Annu2l Organ Dose from Inhalation of Radionuclides in Air

Ojalree) = B, T xy(rio)0Fh,, : (13)
- where
Dg.(r.e) is the annuai dose to organ j of an individual fn the age group a at location
(rve) due to inhalation, in mrem/yr;
IDFA1 ja :: m:chﬂution dose factor for radionuclide 1, organ j, and age group a,
Il. fs the annual air intake for individuals in the age group a, in lslyr; and
x,('-e) fs the annual average concentration of radionuciide 1 in air at locat*lonl :

(r.8), tn pCi/ed.

c. Annual Organ Dose from Ingestion of Atmospherically Released Radionuclides {n Food

o3, (ree) = ) DFI“.[U:fglc:(r.e) + fcT(r,0) ¢ U:c:(r.e)f wecire)] (4

where

C:(F.G) ’ c:(roe) ’

cli(rne)- c:(l‘.ﬁ)

Dg.("oe)

DFI‘J.

f'. .

M

. \

sre the concentrations of radfonuclide 1 in produce (non-lesfy-vegetables,
fruits, and grains), milk, leafy vegetables, and meat, respectively, at

* location (r, ©), in pCi/kg or pCi/2;

is the annual dose to the organ § of an fndividual in age group a from
{ngestion of produce, milk, leafy vegetables, and meat at location (r,e), in

wrem/yr; L

1s the ingestion dose factor for udimclide'i. organ J, and age group a,
in sren/pli;

are the uspectﬂe fractions of the ingestion rates of produce and leafy
vegetables that are produced in the garden of interest; and

sre the annual ntake (usage) of produce, milk, meat, and Teafy vegetables,
respectively, for individuals in the age group a, in kg/yr or /yr (equivalent

te u”).

'o‘”"




4. Integrated Dos_es to_the Population

The NRC staff will calculate integrated doses to the Vocal population from a1l pathways
discussed in Sectfons C.1, 2, and 3. cause of the various conditions under which the equa-
tions 1n Appendix D are used, they are not presented in this section. It is recommended that
Appendix D be read for a detailed discussion of the staff's models.

§. Sumary of Staff Position

A brief sumary of the staff position on methods of evalusating compliance with the numerical
guides for design objectives of Appendix I {5 presented in Table 1. Methods of evaluating
compliance with the cost-benefit provisions of Appendix 1 are addressed in Regulatory Guide 1.110,
"Cost-Benefit Analysis for Radwaste Systems for Light-Water-Cooled Nuclear Power Reactors."

D. INPLEMENTATION

The purpose of this section is to provide {nformation to applicants and licensees regarding
the NRC staff's plans for utilizing this regulatory guide. .

This guide reflects current Nuclear Regulatory Commission practice. Therefore, except in
those cases in which the license applicant or 1{censee proposes an acceptable alternative method,
the method described herein for complying with specified portions of the Commission’'s regulations
is being and will continue to be used in the evaluation of submittals for operating license or
construction permit applications until the guide is revised as a result of suggestions from the
public or additional staff review.
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TYPE OF DOSE
Liguid Efflvents

Dose te total body
from a1l pathweys

Dose to any organ

“from all pathways

Non-tritiwm releases

Gaseous Effivents®s*

- See Tootnotes at end of table, on fo)lowing page.
L )

GCamme dose 1n afir

Beta dose in air
Dose to total
of an 1ndlvidunh?"

Dose to skin of an
1ndividual

‘A'

TABLE 1

SUMMARY OF STAFF POSITION -
METHODS OF EVALUATING COMPLIANCE WITH APPEWDIX 1

APPENDIX 1*
DESIGN OBJECTIVES

3 arem/yr nr unit
10 wrem/yr per unit

10 mrad/yr per unit

20 wrad/yr per unit
S mrem/yr per unit

15 mrem/yr per unit

m-50-2 .
DESIGN_OBJECTIVES®

S mrem/yr per site
S mrem/yr per site

S Ci/yr per unit.

10 mrad/yr per site

20 wrad/yr per site
5 mrem/yr per site

1S mrem/yr per site

POINT OF DOSE

_EVALUATION _

Location of the

highest dose offsite, **

Same as sbove.

Location of the

highest dose offsite.® .

Same as above.
Location of the
highest dose
offsite . **

Same as sbove.

 EQUATIONS

T0_BE USED

1,234,188,

Gor?,as
appropriate

7

8 or 10, as
appropriate

Sor Y, a8
sppropriate



oL-soL° 1

TABLE 1 (Continued)

SUMMARY OF STAFF POSITION -
METHODS OF EVALUATING COMPLIANCE WITH APPENDIX 1

APPENDIX T* fM-50-2
TYPE OF DOSE DESIGN OBJECTIVES DESIGN OBJECTIVES*
Radiofodines and Particulates'’ Released to the Atwosphere
Gose to any organ 15 mrem/yr per unit 15 mrem/yr per site
from all patinmys ‘
1131 releases eeea 1 C#/yr per unit

Evaluated for a maximum {ndfvidual, as described in Section B of this guide.

POINT OF DOSE " EQUATIONS
EVALUATION 0 BE USED
Location of the 12, 13, ¢ 14
highest dose

offsite.*t’

“!niulted at a lecation that s antfcipated to be occupied during plant 1ifetime or evaluated with respect to such potential
Tand and water usage and food pathweys as could actually exist during the term of plant operation. .

"'mcmm only for noble gases.
*evaluated at o Tocation that could be occupied during the term of plant operation.

“Doses due to carbon-14 and tritfum intake from terrestrial food chains are included in this category.

Hevatuated at & Yocation where an exposure pattway and dose receptor actually exist at the time of 1icensing. However, 1f the
applicant determines destgn objectives with respect to radioactive {odine on the basis of existing conditions and {f potential
changes 1n land and water usage and food pathways could result in exposures in excess of the guideline values given above, the
applicant should provide reasonable assurance that a monitoring and surveillance program will be performed to determine:

(” the quantities of radtoactive fodine actually released to the atmosphere and deposited relative to those estimated {n the
determination of design objectives; (2) whether changes in land and water usage and food pathways which would result in
individual exposures greater than orfginally estimated have occurred; and (3) the content of radioactive fodine in foods

involved {n the changes, {f and when they occur. ‘




APPDNDIX A .
METHOOS FOR CALCULATING DOSES TO MAN FROM LIQUID EFFLUENT PATHMAYS

h vatfons for estinfi radfation exposure to man from four principal exposure path-
ways ‘1'het.h2 aquatic Oﬂﬂmmmniwtlb‘e water, aquatic foods, shoreline deposits, and frrigated
foods) are listed in Section C, "Regulatory Position,” of this guide.

1. Generalized Equation for Calculating Radiation Dose via Liquid Pathways

Equation (A-1) is the generalized equation for calculating the radiation dose to man via
Tiquid effluent pathways. '

Ratps = CapVurlaty . . (-1
where

c 13 the concentration of nuclide § in the media of pathmay p, In pCi/2,

pCi/kg, or pLim?;
D.'p.1 fs the dose factor, specific to age group a, radionuclide 1, pathway p,

"and organ §. It represents the dose due to the intake of a radionuclide,
in mrem/pCi, or from exposure to a given concentration of a radionuclide 1n

sediment, {n mrem per hr/pCi per lzi

Ry 3 15 the annual dose to organ J§ of an individual of age group a from nuclide 1
P via pathwey p, in mrem/yr; and .

Il. §s the exposure time or intake rate (usage) assocfated with pathway p for
P age group a, 1n hr/yr, 8/yr or kg/yr (as appropriate). .

The three factors making wp Equation (A-1) are discussed in the -following secti:ms. most of
which were taken directly from the WASH-1258 report {Ref. 1). (An updated version of the portion
of the i(iasg-'lg.‘)ss)?eport describing models and computer programs 15 contsined fn the BNHL-1754
report (Ref. 2). -

8. Radionuclide Concentration in Envirommental Media (C'p) -

The concentrations in environmental media of {nterest can be estimated from the mixing
ratio M_, the discharge flow F, the radionuclide release rate 0‘. and other terms presented in

the pathway equations that appear Vater In this discussion.

b. (Usage (U.p)

The second term of Equation (A-1) 1s the usage term u.p. Usage 1s expressed as a
consunption rate 1n kg/yr or 1iters/yr or as an exposurs time in hr/yr, as appropriate for the
pathway and age group under consideration.

The WRT sta®f encourages the use of site-specific data, whenever possible. Such data
should be documented. In the absence of site-specific data, however, the usage values (consumption
rates and exposure times) presented in Appendix E, Teble E-5, are recosmended.

c. Dose Factor (D“”) .

pose factors for fnternal exposure vis mgestion are provided in Appendiz E, Tables E-11,
ii.dﬁ. and 16, Appendix £ also provides fuvther discussion of the data, models, and assumotions
used. .

Material dep :1&4 from sedimentation {n an squatic system represents a fairly large,
fearly uniform thin sheet of contamination. The factors for converting surface contamination

given in |;¢:1/l|2 to the dose rate at one meter above 8 uniformly contaminated plane -have been
described by Soldat and others (Refs. 3 and 4). Dose factors for exposure to sofl Bediment have

units of srem/hr par |i1.:1/i2 and are presentsd in Appendix E, Table E-6.
“1.109-1




2. Equations for Liquid Pathwa

 This section develops the equations required for the 1iquid pathway models. The principal
difference between pathways 1s the manner in which the radionuclide concentrations are calculated.
The doses from the four pathways should be added to determine the total dose.

a. Potadle Water
' The annual dose from ingestion of water is calculated from Equation (A-2) below:

U :

Symbols for this equation were defined earlier, in Section C.1 of this guide.

The summatfon process adds the dose contributfon from each nuclide to yleld the total
dose for the pathway-organ combination selected. The expression (1100 Qinplr)up(-aitp) yields

the concentration of nuclide 1 at the time the water is consumed, 1n pCi/2. This concentration
is the tem c,p in Equatfon (A-1). As a minimum, the transit time t_may be set equa) to 12

hours to allow for radfonuclide transport through the water purification plant and the water
distribution system (Ref. 5). The transit time should be increased as eppropriate to allow for
travel from the point of effliuent release to the water purification plant intake. Credit may
be taken for radfonuclide removal by water purification processes using techniques such as those
outlined tn Reference 3. -

It should be noted that, dependfng on the hydrological dispersion model employed, the
wixing ratio, Hp. or dilution factor may mot be explicitly defined. In those instances (e.g.,

buildup of activity fn a cooling pond), the relative concentration in the mixed stream (compared
to the effluent concentration) may be supplied as a function of the radiological decay constant,
with any potential effluent recycling taken fnto account. Suggested hydrological dispersion.
models are presented in Regulatory Guide 1.113, "Estimating Aquatic Dispersion of Effluents from
Accidental and Routine Reactor Releases for the Purpose of Implementing Appendix I."

b. Aquatic Foeds

The concentrations of radionuclides fn aquatic foods are assumed to be directly related
to the concentrations of the nuclides tn water. Equilibrium ratios between the two concentrations,
called bioaccumulation factors fn this guide, can be found in the Viterature (Ref. §). The
{nclusfon of the bfoaccumulatfon factor B'p in Equation (A-2) ylelds Equation (A-3), which is

suitable for calculating the internal dose from consumption of aquatic foods.

U, M
Rypg = 1100 22 ;.oia,pomjup(-a,tp) (A-3)

Values of '19 are given {n Table A-1; the other parameters have been previously defined. The

methodology presented {n Reference 7 for the development of site-specific freshwater bioaccumula-
tion factors {s cons{dered to be acceptable by the NRC _staff.

The transit time tp my be set equal to 24 hours* to allow for radionuclide decay
during trans{t through the food chain, as well as during food preparation.

c. Dose from Shoreline Deposits

The calculation of {ndividual dose from shoreline deposits 1s complex since ft involves
estimation of sediment load, transport, and cencentrations of radionuclides assocfated with

B ——r—
Here, and fn a aumber of other fnstancez, the NRC staff has found 1t mecessary to set forth
uidance as to a parameter velue In the absence of empirical data. In such {nstances judgments
Lve been made afier considering values assumed by others and model sensitivity to_the parameter
‘value fn question. In this particular {nstance, t'~ total body dose from fish ingestion, for a
typical situatfon, was found to vary by less than a factor of two for a range of envirommental
transit times of from one to seven days. -

1.109-12
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TABLE A-)

BIOACCUMULATION FACTORS TO BE USED IN THE ABSENCE OF SITE-SPECIFIC DATA
. g per t.er\' '

.::Dcu taken from Refersnce 8.
Data tasken from Reference 7.

FRESHWATER

ELEMENT FISH  INVERTEBRATE
H 9.06-01 ~  9.0-00
c 4.6t 03 9.1E 03
A 1.06 02 2.06 02
’ 1.0E 05 2.0 04
R 2.0€ 02 2.6¢ 03
(] 4.06 02 9.0 04
FE 1.0 02 3.2 03
o 5.0¢ 01 2.0 B2
NI 1.0€ 02 1.0€ 02
cu 5.0 01 4.0€ 02
N 2.0E 03 1.0¢ 04
B8R 4.28 02 3.3
"B 2.0€ 03 1.0€ 03
SR 3.06 0 1.0 02
Y 2.5¢ 0V 1.0€ 03

ZR 3.% 00 "6.7E 00
NB 3.06 04 1.0E 02
() 1.0€ 01 1.0£ 01
TC 1.5 01 5.0E 00
RU 1.0¢ 01 3.0E 02
®H 1.0¢ 01 3.06 02

TEwe 4.0E 02 6.1E 03
1 1.5 01 5.0E 00

(3 2,06 03 1.0E 03+
' 4.0€ 00 2.0 02
LA 2.5 0 1.0¢ 03
(43 1.0 00 1.0 03
- PR 2.5 0 1.0¢ 03
[T 2.5% 01 1.0¢ 03
" 1.2 03 1.0¢ 01
[ 1.0¢ 01 4.0€ 02

—
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SALTWATER
FisH  INVERTEBRATE
9.0£-01 9.36-0
1.8 03 1.4E 03
6.7€-02 1.9£-01
2.9 O 3.0E O4
- 4,08 02 2.0¢ 03
S.5¢ 02 4.0E 02
3.06 03 2.0£ 04
1.0£ 02 1.0E 03
1.0E 02 2.5E 02
6.7E 02 1.7¢ 03
2.0t 03 5.0 04
1.5E-02 3.iE 00
8.3E 00 1.7E O
2.0E 00 . 2.06 01
2.5¢ O 1.0€ 03
2.0 02 8.0t O
3.0 04 1.0£ 02
1.0€ 01 1.0E O
1.OE O 5.0E O
3.0¢ 00 1.0E 03
1.0E 01 2.0£ 03
1.06 01 1.0f 02
1.0€ 01 5.0¢ 01
4.0t 01 2.5¢ 01
1.0 O1 1.0¢ 02
2.5 O 1.0t 03
1.0€ O1 6.0t 02
2.5¢ O 1.0¢ 03
2.5€ 01 1.0¢ 03
3.0 O 3.06 O
1.0¢ O 1.0€ O

Values in Table A-1 are taken from Reference & unless otherwise fndicated.



suspended and deposited materfals. One method of approaching this prodblem was presented in the
Vear 2000 Study (Ref. 3). Based on this model, an estimate of the radfonuclide concentration in
shoreline sediments can be obtained from the following expression:

: Ce l1 - exp(-2st.)] '
c“ - “ u_ﬁL- ‘A.‘)

A,

where
is the concentration of suclide { fn sediment, fn pCi/kg;

c' 1s the concentration of muclide { fn water adjacent to the sediment, in
v pCi/Viter; :

K s an assumed transfer constant from water to sediment, in 1iters/kg per hr;

tb {s the Tength of time the sediment fs exposed to the contaminated water,
rominally 15 years (approximate midpoint of facility operating 1ife), in
hours; and

a fs the decay constant* of nuclide 1, in hours™'. In the original evaluation
of the equation, Ay ws chosen to be the radiological decay constant. The

true value should include an as yet unknown “"environmental” removal constant.

The value of Kc was derfved for several radionuclides by using dats from water and

sediment samples collected over a period of several years in the Columbia River between Richland,
Washington, and the river wouth and in T{llamook Bay, Oregon, 75 im south of the river mouth
(Refs. 9 and 10). Since the primary use of the equation §s to facilitate estimates of the
exposure rate from ganmma emitters one meter above the sediment, an effective surface contamina-
tion was' estimated. This surface contamination was assumed to be contained within the top 2.5

em (1 1n.) of sediment (with a mass of 40 kg/mz of surface). The dose contribution from the
radionuclides at depths below 2.5 cm was ignored. The resulting equation {s

S IDOTic'.H[l - exp(-aitb)J - {A-5)

where

!i1 is the "effective" surface contamination, in pc1/m2. that 1s used in
subsequent calculations;

Ti 1s the radiological half-life of nuclide {1, in days;

| 1s a shore-width factor that describes the gea;letry of the exposure; and
100 15 equal to [K (1/kg-hr)*a0(kg/ul)* 24(hr/day)/0.693], tn t/n’~cday.
Shore-width factors were derfved from experimui data (Ref. 11) and are summarized in
Table A-2. They represent the fraction of the dose from an infinite plane source that is
estimated for these shorelfne situations. '

The combination of Equations (A-4) and (A-5) into the genera) Equation (A-1) leads to
Equation (A-6) below for calculation of radiation dose from exposure to shoreline sediments.

Ros = Usp ; $10atpg = 100 UV ; CyuT 1Patpsl? - qp(-x,tb)] (A-6)

As in the development of Equation (A-2), the expressfon (1100 Q, lvr)cxp(-a'tp) my be substituted
for Couw This results In the following relationship:

v N
Rapg = 110,000 == F QuTy0, ¢ fexpl-a,t 0001 - exp(-1,t,)] (A-7) .

”
If the presence of a radionuclide 1n water and sediment is controlled primar{ly by radfoactive
equilibrium with fts parent nuclide, the water concentration and decay constant of the parent
should be used in Equatfons (A-4) and (A-S).‘ 10014
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TABLE A-2

SHORE-WIDTH FACTORS FOR USE IN EQUATIONS (A-5), (A-6), AND (A-7 !

EXPOSURE SITUATION - SHORE-WIDTH FACTOR, M
Discharge canal bank - 0.1
River spore\ine 0.2
Lake sh&re 0;3
Nominal ocean site .. 0.5
1idal‘basin : o 1.0

d. Dose from Foods Grown on Land with Contaminated Water

The equations in the following paragraphs can be used to calculate doses from radio-
nuclides released in 1iquid effluents but appearing in.crops or animal products. Separate
expressions are presented for tritium because of its unique environmental behavior.

(1) Vegetation

The concentration of radioactive material in vegetation results from deposition
onto the plant foliage and from uptake from the soil of activity deposited on the ground. The
mode] used for estimating the transfer of radionuclides from irrigation water to crops through
water deposited on leaves and upteke from soil wss derfved for & study of the potential doses to
people from a nuclear power complex in the year 2000 (Ref. 3).

The equation for the model (for radionuclides except tritium) is presented below
in slightly modified form. The first term in brackets relates to the concentration derived from
direct foliar deposition during the growing season, The second term relates to uptake from soil
and reflects the long-term deposition during operation of the nuclear facility. Thus, for a
uniform release rate, the concentration C1v of radionuclide 1 in the edible portion of crop

species v, in units of pCi/kg, <is given by:

! - g t)] .8, [1 - exp(e) t.) .
r[ exp( Ei'e ] + 1y i ib J exp(-l‘th) (A‘a)
Yo Eq

C;,.=d
fv ] PA'

where the terms are defined in Section C, “Regulatory Position.” Appendix E, Table E-15, presents
suggested values for the parameters r, V t » P, and t,- Values for 51 are in Table E-1.

The deposition rate, d‘. from {rrigated water {5 defined by the relation
4 ® Cqul (water deposition) (A-9)

uheré .

Ciu §s the concentration of radionuclide 1 in water used for trrigation, in
pLi/liter, and

1 is the average irrigation rate, in litgrs/nzlhr. during the growing season.

For a cow grazing on fresh forage, ¢, in Equation (A-B) 15 set equal to 720 hours

30 days), the typical time for a cow to return to a particular portion of the gruzing site
Refs. 3 and 12).

For tritium, the equation for estimating Civ is (see Ref, 13):
¢, "C, ' (a-10)
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(2) klilﬂ Products

The radionuclide concentration in an animal product such as meat or milk 1s
dependent on the amount of contaminated feed or forage eaten by the animal and its intake of
ccntuﬁmted water. The radionuciide concentration in animal products l:'A in terms of pCi/liter

or pCi/kg 1s proportional to the animal's intake of the radionuclide in feed or forage (sub-
script F and 1n water (subscript w):

Cia ® FoalCipQr ¢ €0 00,) : (A-11)

The second set of terms in the brackets in Equatfon (A-11) can be omitted 1f the
animal does not drink contaminated water. Values for QF and Q, are presented in Appendix E,

Table E-3. Values for B" and F1A are given in Appendix E, Table E-1.*
(3) TYotal Dose from Food Grown on Land

The total dose R.pj from irrigated foods and animal products (excluding tritium)

1s given by:
ve nimal .
Ryps * Uap’ I CovPatps * + 00 ! cu aip3 (A-12)

If values for c" from Equation (A-8) and C“ from Equation (A-11) are substituted‘

in Equation (A-12):

Rapi

= yvey
U.p ; diexp( -2 th)

1 - "‘p("‘site)] flaw[l - up(-xitb)]
aipj Tv‘ci . ¢+ W,

imal r[1 - exp(-ag,t.)]
i {'u”awd °r"i""("‘1‘n)[ Vi <

£.B. [N - exp(-,t.)] (A-13)
174 i°b
¢ = L2 l‘ ‘m%}

where the terms are defined in Section C, "Regulatory Position."

It should be noted that the two components of Equation (A-12) fmply that contribu-
tions from the individual vegetable and animal products have already been summed. In actual
use, it will be necessary to compute separately the milk and meat portions of the dose due to
animal products (also app! iclb‘le to Equetion (A-16)).
For tritium, the concentration in animal products (milk or meat) 1: given by the
following mtion
CA . F.(CVQF + c~0~) . (A-14)

where the terms are defined in Section C, "Regulatory Position.”

Since by Equation (A-10) C .. and since for all practical purposes l:'. = C
Equatfon (A-14) can be restated as fo‘llm

€ ® FaSu(0r ¢ Q) (A-15)

‘mm for Fyp appear as Fy ond Ff in Table E-1.
‘.‘0’-‘5




Sim{larly, the above equations for tritium concentration can be combined with the
general Equatfon (A-1):

b Ryp = UipPe,Dypq ¢ ViN™Tc,0 ., (-16)
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APPENDIX B

MODELS FOR CALCULATING DOSES FROM
WOBLE GASES DISCHARGED TO THE ATMOSPHERE

The following analytical models are used for calculating doses from exposure to moble gases
discharged to the atmosphere., Separate models are given for afr and tissue doses due to gamma
and beta rays. Except for the case of noble gas doses resulting from elevated releases, all
models assume fmmersion in a semi-infinite cloud.

1. %nun Gamma Air Dose* from Noble Gas Releases from Free-Standing Stacks More Than B0 Meters
High _ , ——

Slada (Raf, '1) describes a derivation of equations Yor estimating annual afir doses from
photon emitters dispersed in the atmosphere. The foliowing expression can be used for calculating
annual doses:

o) = $n 10 I fag ] valEQE (Hovusiey ) ] A (8-1)

Symbols for this equation were defined earlier, in l!eguhtory' Position C.2.a of this gquide.
A discussion of, and derivation for, the I function are presented in Appendix F of this guide.

The photons are combined into energy groups, and each photon intensity within & group is
weighted by 1ts energy and energy absorption coefficient. Thus, the effective fraction of

disintegrations of the nuclide { yfelding photons corresponding to the photon energy group k,
A“. is determined to be > '

{ Mt = I Dk (B /T (£)) (8-2)

' where

M §s the fraction of the disintegrations of nuclide { yielding photons
of energy E‘;

. E- {s the energy of the mth photon within the kth energy group, in MeV; and

u(Ey) s the energy absorpifon coefficient in afr associated with the photon
dnergy Eyr 0 ol

A1 other parameters are as previously defined. The susmation is carried out over &ll
photons within energy group k. Data for the photon energies and abundances for most of the
noble gas nuclides were taken from Reference 2. For radionuclides not contained in Reference 2,
data were obtained from Reference 3.

Decay during travel from the point of release to the receptor is

021 * 01 .”(‘A"'/Un) | (.’3)

*—
The term "gamma afr dose” refers t0 the components of the air dose associated with photons
omitted during nuclear and atomic transformations, {.e., gamma and x-rays. Annihilation and
bremsstrahlung photon radistions are possible contributors to this component of the air dose.
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whe e
Qg 95 the fnitial release rate of nuclide 1, tn Ci/yr;
r 1s the distance fm the source to the receptor, 1n ®; and
Ay 15 the decay constant of muclide 1, fn sec!.

A1l other parameters are &s previously defined.

2. Annual Gama‘llir Dose from A1l Other Noble Gas Releases and Annual Betz Afr Dose* from All
e Gas Rejeases :

Plumes of gaseous effluents are considered semi-infinite in the case of ground-level noble
‘gas releases. The annual average ground-level concentration of radionuclide {1 at location (r,e)
1s determined from

x;(re0) = 3.17 x 10°,Lx/20(r0) | ()
where

xi(r.o) fs the annual average ground-level concentration of nuclide { at the,
distance r in the sector at angle & from the release point, fn pCi/m”, and

[xIQ]D(r.e) 1s the annual average gaseous dispersion factor {corrected for radioactive
decay) fn the sector at angle & at the distance r from the release point,

in seclns. {See Regulatory Guide 1.111 for atmospheric dispersion models.)
A1l other parameters are as’ previously defined.
The assocfated annual gamma or beta air dose fs then

pY(r,e) or Dﬁ(r.o) = ; xi(r.o)(DFz or DF?) (8-5)
where the terms are as defined in Regulatory Position C.2.b.

Table B-1 presents a tabulation of the dose factors for the noble gases of interest.
3. Annuel Total Body and Skin Doses from Nobie Bas Effluents

It ts also necessary to determine annual doses. t.o'ml individuals In unrestricted areas.
The staff computes the total body dose from external radiation at s depth of 5 cm into the body

and the skin dose at a depth of 7 -g/::n2 of tissue (Ref. &4).**

8. Releases from Free-Standing Stacks More Than 80 Meters High
The annus) total body dose is computed as follows:

0(ra0) = 1.1 x 5  Of(ruslen-](E, )t | (8-6)

-‘The term "beta afr dose" refers to the component of the afr dose assocfated with particle
emissions during nuclear and atomic transformations, §.e., g+, 8-, and conversion electrons.

**see discussion 1n Appendix E, Sectfon 3.
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TABLE 8-
DOSE FACTORS FOR EXPOSURE TO A SEMI-INFINITE CLOUD OF WOBLE GASES

ettt e S —————

‘Muclide p-a1r”(0F%)  g-skin®"(OFS) . y-asr®(0F)) ;-sodzf'(nra,)

Ke-83w  2.88E-04""" - 1.93£-05 7.56£-08
Kr-85m 1.97E-03 1.46E-03 1.23E-03 1.176-03
Kr-85 1.95E-03 1.34E-03 . 1.72E-05 ~ 1.61E-05
Kr-87 1.03E-02 . $.73E-03 " 6.17E-03 5.92E-03
Kr-88 2.93E-03 2.37E-03 1.52E-02 1.47E-02
Kr-89 1.06E-02 1.00E-02 1.73E-02 1.66E-02
Kr-90 7.83E-03 7.29E-03 " 1.63E-02 3.56E-02
Xe-131m 1.11E-03 4.76E-04 1.56E-04 9.15€-05
Xe-133m 1.43E-03 $.34E-04 3.276-04 2.51E-04
Xe-133 1.05£-03 3.06E-04 3.53E-04 2.94E-04
Xe-135m 7.39E-04 7.11E-04 ’ 3.36E-03 . 3.12E-03
Ke-135 2.46E-03 1.86£-03 1.92£-03 1.81E-03
Xe-137 1.27€-02 1.22£-02 1.51E-03 1.426-03
Xe-138 4.75£-03 4.13£-03 9.21E-03 8.83£-03
Ar-41 3.28E-03 2.69E-03 9.30E~03 8.B4E-03

T

.':I‘Q:I;:s

**2.88£-04 = 2.88 x 10°¢
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i Symbols for this equation are defined in Regulatory Posftion C.2.c of this guide. The

| factor SF accounts for the dose reduction provided by the shielding effect of typical residential ’
structures (see Appendix E, Sectien & and Table E-15).

. The skin dose has two components, the gasma and beta contributions. The sk;ln dose
rate is computed by

D(ra0) = 1.1V a 5g07(ri0) ¢ 317 x 0% § Qy[x/Q)°(r,0)0FS, (8-7)

Symbols for this equation are defingd in Regulatory Position C.2.d of this guide.

The skin beta dose factors DFS were determined using the decay scheme source documents
cited above and the methods used in References 5, 6, and 7. They are presented in Table B-1.

b. A1l Other Releases

The annual total body dose is computed as follows:
Dl(r.e) = S I xtrioiore, (8-8)

Symbols for this equation are defined in Regulatory Position C.2.e of this guide. !

The annual skin dose is computed as follows:
Di(r.e) = 111 x S z x;(r.0)DFY + ; x;(r,8)DFS, (8-9)

Symbols for this equation are defined in Regulatory Position C.2.f of this guide.
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APPENDIY €

MODELS FOR CALCULATING DOSES VIA ADDITIONAL PATHWAYS
: FROM RADIOIODINES AND OTHER RADIONUCLIDES*
DISCHARGED TO THE ATMOSPHERE

1. Annual External Dose from Direct ExEsu& to Activ'ltj Deposited on the Ground Plane

The ground plane concentration of radionuclide 1 at the location (r,0) with respect to the
release point may be determined by

(1.0 x 10'2) (s (r.0) Q,]
A
1

cSroe) = [ - expl-2gt,)) )

where
cf(r.o) 1s the ground plane concentration of the radionuclide { fn the sector at
angle & at the distance r from the release point, in pCi/mz;
01 is the annual release rate of nuclide 1 to the atmosphere, in Ci/yr;
tb is the time period over which the accumulation is evaluated, which i5 15

years (mid-point of plant operating 1ife). This is a simplified method of
approximating the average deposition over the operating 1ifetime of the

facility;
61(r.e) is the annual average relative deposition of effluent species 1 at location
(r.e), considering depletion of the plume during transport, in n'z;
A 1s the radfological decay constant for nuclide 1, fn yr"; and

1.0 x 10’2 s the number of pCi per Ci.
The annual dose resulting from direct exposure to the contaminated ground plane, from all
radionuclides, is then
05(r.0) = 8760 5. T c5(r,0)0F6 (c-2)
Jve F ; L AR 1J

where the terms are defined in Regulatory Position C.3.a of this guide,

Values for the open field gtound plane dose conversion factors for the skin and total body
are given in Appendix E, Table E-6. The annual dose to all other organs is taken to be equivalent
to the total body dose. The factor sF fs assumed to have a value of 0.7, dimensionless.

-— .
Does not include noble gases.
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2. Annual Dose from Inhalation of Radionuclides in Air

The annual average afrborne concentration of redfonuciide 1 at the location (r,8) with res-
pect to the release point may be determined as

xq(re0) = 317 x 10%,[x/Q)%r,e) , (c-3)
where
Q 1s the release rate of nuclide { to the atmosphere, in Ci/yr;

xi("-O) is the annual average ground-level concentration of nuclide { in air in
sector ¢ at distance r, In pCi/n’;
[xIQJD(r.o) is the annual average atmosphere dispersion factor, in sec/m3 (see Regulatory
Suide 1.1M1). This includes depletion (for radioiodines and particulates)
and radioactive decay of the plume; and

3.17 x 10" s the number of pCi/Ci divided by the number of sec/yr.

The annusl dose associated with dnhalation of a1l radionuclides, to organ § of an individual

in age group a, s then

ﬁ;!(r.e) = 8, Ixy(ra)ofA, . (c-4)

Values for DFA,U. are given in Appendix E, Tables E-7 through £-10; values for R. are given
in Appendix E,.Table E-5. A1l other symbols are as defined earlier in Regulatory Position C.3.b.

3. Concentrations of Afrborne Radionuclides in Foods

The concentration of radicactive mater{al in vegetation results from deposition onto the
plant foliage and from uptake of activity initiaiiy deposited on the ground. The model! used for
estimating the transfer of radionuclides from the atmosphere to food products is similar to the
model developed for estimating the transfer of radionuclides from frrigation water given in
Appendix A of this guide. . :

a. Parameters for Calculating Nuclide Concentrations in Féme. Produce, and Leafy Vegetables

For all radiofodines and particulate radionuclides, except tritium and carbon-14, the
concentration of nuclide { in and on vegetation at the location (r,e) s estimated using

r[1 - exp(-ag,t)] By [N - exp(-2,t,))
"W v

ci(ri0) = d(r.0) exp(-agt,)  (C-5)

See Regulatory Position C.1 of this guide for definitions of terms. Values for the
parameters r, te' 'v' P, and th are provided in Appendix E, Table E-15. For the parameters o

Y,» and t,, different values are given (fn Appendix E) to allow the use of Equation (C-5) for

different purposes: estimating concentratfons in produce consumed by man; in leafy vegetables
consumed by man; in forage consumed directly as pasture grass by dairy cows, beef cattle, or
goats; and in forage consumed as stored feed by dairy cows, beef cattle, or goats.



The deposition rate fram the plume is defined by

¢ (r,0) = 1.1 x 0% (r,000Q, | (c-6)
where .

d (r.e) s the deposition rate of radionucliide 1 onto ground at locatfon (r,e), in
pCi/me-hr;

‘i("'” {s the relatfve deposition of radionuclide 1, considering depletion and
decay in transit to locatfon (r,e), in w? (see Regulatory Guide 1.711); and

1.1 x 10° :;7?5 number of pCi per Cf (10'2) divided by the number of hours per year

For radiofodines, the model considers only the elemental fraction of the effluent. The
deposition should be computed only for that fraction ef the effluent that is estimated to be
elemental iodine. Measursments at operating facilfties indicate that about half the radioiodine
emissions may be considered nonelemental (Ref. 1). With this consideration included,

Equation (C-6) for radiofodine becomes

d(r.0) = 5.5 x 1075, (r,8)0, (c-7)

where Qi is the tota)l (elemental and nonelemental) radiofodine emission rate. The retention

factor r for elemental radioiodine on vegetation should be taken as unity, since the experimental
measurements (Refs. 1, 2, and 3) used to evaluate this transfer mechanism consisted of direct

comparison of the gross radioiodine concentration on vegetation and the concentration in air
{Refs. 4 and §). ‘

For radioiodines, the deposition model {s based only on the dry deposition process. Wet
deposition, including “washout" of the organic and non-organic fodine fractions, should be con-
sidered at some sites depending on the meteorological conditions (see Regulatory Guide 1.111).

For particulates, the deposition model considers both wet and.dry deposition. There is also
a retention factor (r of Equation (C-5)) that accounts for the interception and capture of the
deposited activity by the vegetative cover., A value of 0.2 1s taken for this factor (Refs. 6

and 7). A1 nuclides except noble gases, tritium, carbon-14, and the fodines are treated as
particulates.

Carbon-14 is assumed to be released in oxide form {CO or coz). YThe concentration of carbon-14

in vegetation 95 calculated by assuming that its ratio to the natural carbon in vegetation is the
same as the ratio of carbon-14 to natural carbon fn the atmosphere surrounding the vegetation (see
Refs. 8 and 9). Also, in the case of intermittent releases, such as from gaseous waste decay
tanks, the parameter p is employed to account for the fractional equilibrium ratio achieved. The
parameter p §s defined as the ratio of the total annual release time (for C-14 atmospheric releases)
to the total snnual time during which photosynthesis occurs (taken to be 4400 hrs), under the
condition that the value of p should never exceed unity. For continuous C-14 releases, 'p s taken
to be unity. These considerations yteld the following relationship:

Cl4(ree) = 3.17 x 10750, [x/0)(r,0) 0.21/0.16

e 2.2 x 10760 [x/QU(r10) . (c-8)
where

t;"(r.o) g&::;oncentution of carbon-14 in vegetation grown at location (r.e), in

Q" fs the annual release rate of carbon-14, in Ci/yr;
. p s the fractional equilibrium ratio, dimensionless;
0.11 s the fraction of total plant mass that {s matura) carbon, dimensionless;
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0.16

3.17 x 10’

1:d equal to the concentration of natural carbon in the atmosphere, in g/m’;
[ ]

15 equal to (1.0 x 10'2pC1/C1)(1.0 x 10° g/kg)/(3.15 x 107sec/yr).

The concentration of tritium fn vegetation s calculated from fts concentratfon §n the ah;

surrounding the vegetation.

Using the method described in Reference 10, the NRC staff derived

the following equation:

CY(r.0) = 3.17 x 1070 x/Q(r,0)(0.75)(0.5/H)

where
c3(r.0)

0.75

= 1.2 x 107¢;[x/Q)(r.0)/H

(c-9)

is the concentration of tritium in vegetation grown at locatfon (r,e), in
pCi/kg;

is the absolute humidity of the atmosphere at location (r,e), in g/m3;
1S the annual release rate of triiiun. in Ci/yr;

1s the ratio of tritium concentratifon fn plant water to tritium concentration
in atmospheric water, dimensionless; and ’

s the fraction of total plant mass that is water, diunsion'less.

b. Parameters for Calculating Nucliide Concenirations fn Milk

The radionuclide concentration in milk {s dependent on the amount and contamination

Tevel of the feed consumed by the animal,

q‘(rlo) -

where
c:("-')

c:('-' )

Fe

The radionuclide concentration in milk is estimated

Fnc:("’)or exp(-1t,) (c-10)

1s the concentration in milk of nuclide 1, in pci/liter;
is the concentration of radionuclide 1 in the animal’s feed, in pCi/kg:

1s the sverage fraction of the snimal's datly intake of radionuclide { which
appears in each 1iter of milk, in days/)iter (see Appendix E, Tables E-1
and E-2 for cow and goat data, respectively; for nuclides not listed in
Table E-2, use the values in Table E-1);

1s the amount of feed consumed by the animal per day, in kg/day;

1s the average transport time of the activity from the feed into the milk
and to the receptor (a value of 2 days 1s assumed); and

1s the radiological decay constant of nuclide i, in days".

The concentration of radionuclide 1 in the snimal's feed is estimated as

C;’(r.o) )

where

c:('o.)

c3(r.0)

R N e vm. . . - Lee me
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13 the concentration of radfonuclide 1 on pasture grass (calculated using
Equation (C-5) with t,=0), n pCi/kg; _ -

1s the concentration of radionuclide 1 in stored feeds (calculated using
Equatfon (C-5) with t,*90 days), in pCi/kg:

' a‘”':’




 / fs the fraction of the year that animals graze on nstdre; and ’ )

f s the fraction of daily feed that s pasture grass when the animal grazes
on pasture.

The values of the parameters tye t.. 'v' and te that will be amployed fn evaluating

the milk pathway, unless site-specific data s supplied, are provided in Appendix E, Table E-15.
c. Parsmeters for Caiculating Nuclide Concentration in Meat

As in the milk pathway, the radionuclide concentration fn meat is dependent on the
amount and contamination level of the feed consumed by the animal. The radionuclide concentra-
tion in meat is estimated as :

ci(rie) = FCi(r.0)Q; exp(-2,t,) - (c-12)
where
c:(r.e) 1s the concentration of muclide { tn animal flesh, in pCi/kg;

Ff 1s the fraction of the animal's daily intake of nuclide 1 which appears in
each kilogram of flesh, fn days/kg (see Appendix E, Table E-1 for values); and

ts 1s the average time from slaughter to consumption (see Appendix E, Table E-15).
A1l the other symbols are as previously defined.

Beef cattle will be assumed to be on open pasture for the grazing periods outlined
for milk cattle.

4. Annual Dose from Atmospherically Released Radfonuclides in Foods .

The annual dose to organ J of an individual in age group a resulting from ingestion of all
radionuclides in produce, milk, meat, and leafy vegetables is given by

D3, (r.0) =  0F1,50 TUEGCYrae) + Viei(rae) + viciiroo) « b chire))  (c13)

3
where
Dg.(r.o) 1s the annual dose to organ J 'of an individual in age group a from dietary
intake of atmospherically released radfonuclides, in mrem/yr;

DFlu. 1s the dose conversion factor for the 1ngestion of nuclide 1, organ J, and
age group 2, in mrem/pCi (from Tables E-11 through E-14 of Appendix E of
this guide); and

U:. ll:. UF l!l are the ingestion rates of produce (non-leafy vegetables, fruit, and grains),

L ailk, meat, and leafy vegetables, respectively, for individuals In age
group a (from Table E-5 of Appendix E of this guide).

A1l the other symbols are as previously defined. Values of f_ and 1’l to be assumed {n the absence
of site-specific information are given in Table E-15 of Appendix E as 0.76 and 1.0, vespectively.
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APPENDIX D

. WODELS FOR CALCULATING POPULATION DOSES FROM
. WUCLEAR POWER PLANT EFFLUENTS

Calculation of the annual population-integrated total body and thyroid doses® gshould be
performed for the three effluent types identified in this guide. These doses should be evaluated
for the population within a 50-mile radius of the site, as specified in paragraph D, Section I
of Appendix 1 to 10 CFR Part 50. '

For the purpose of calculating the annual population-integrated dose, the S0-mile region
should be divided into a number of subregions consistent with the nature of the region. These
subregions may represent, for example, the reaches of a river or land areas over which the appro-
priate dispersion factor {s averaged. Dispersion factors, population ddta, and other fnformation

.describing existing or planned uses of the subregions should be developed.

1. General Expressions for Population Dose

For pathways in which the permanent and transient population of the subregion can be con-
sidered to be exposed to the average radionuclide concentrations estimated for the subregion,
the annual population-integrated dose is calculated as follows:

ng = 0.001 5 Py Z Dygaan (0-1)
where

D.ida is the annual dose to organ j (tou;l body or thyroid) of an average
individual of age group a in subregion d, in mrem/yr;
D; is the annual population-integrated dose to organ § (total body or thyroid),
in man-rems or thyroid man-rems;

fda is the fraction of the populetion in subregion d that is in age group a;

Pd 1s the population associsted with subregion d; and
0.001 is the conversion factor from mrem to rem.

The annual dose to the total body or thyroid of an average individual should be evaluated
with the usage factors of Table E-4 of Appendix £. Models and equations for the detailed dose
calculations are presented in Appendices A, B, and C of this guide. The annual population-
integrated doses from ingestion of potable water, {nhalation of airborne effluents, and external
exposure to airborne or deposited radionuclides should be evaluated. In addition to the pathways
for which equations are presented in Appendices A, B, and €, other exposure pathways should be
evaluated 1f conditions at a specific site indicate that they might provide 8 significant contri-
bution to the total population dose from all pattways. In this context, a significant contribu-
tion is defined as 10 percent or more.

. For pattways that fnvolve food products produced in the subregion, the food products may be
distributed to other areas for consumption. For all the food that 15 produced within the 50-

mile radius, the radiocactivity concentrations are averaged over the entire area by weighting the

concentrations in each subregion by the smount produced in each subregion. This average concentra-

tion 1s used in calculating the population doses. The 50-mile average concentration of nuclide

{ in food p is computed 8s -

Typ = (1) xpleagty) T Cqqvg, (0-2)

-
The population-{ntegrated dose is the sumatfon of the dose received by all fndividuals and
has units of man-rem when applied to the total body dose and units of man-thyroid-rem when
applied to the summation of thyroid dose. 1.109-30
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where

Cas s the average concentration over :ubrexion d of the nuclide 1 §n pattway p,
P in pCi/kg or pCi/1iter (see Appendices A and C of this guide for models
and equations for calculation of pathway concentrations);

1s the 50-mile average concentration of nuclide § in paihny p, in
4 pCi/kg or pCi/liter;

t is the transport time of the food medium p through the distributfon system,
4 in days (Table D-1 presents estimates of the transport times that may be
used 1n lieu of site-specific data); T

\ 1s the annual mass or volume of food medium p produced in subregion d, 1n kg
P or liters;

v 1s the mass or volume of the food medfum p produced annually with the 50-mile

4 radius about the site, n kg or liters; and

A 1s the radiological decay constant for muclide 1, in dnys"

The population served by all the food produced within 50 miles of the site {is estimated as

Py - Yo/T Uy | (0-3)
where
f. fs the fraction of the populatfon within the age group a;
P' is the estimated population that can be served by the quantity of food p -
P 1likely o be produced within 50 miles of the site;
U.p is the use or consumption factor of food medium p for the average individual

in age group a, in kg/yr or liters/yr (taken from Table E-4); and

 / is the annual mass or volume of food medium p Yikely to be produced within
\p - 8 50-mile radius about the site, in kg or liters.

The annual population-integrated dose 1s then calculated as

P .
P N
where
\J
’p . Pp_ if I’p < PSO
*
Pgo 1f Py 2 Py
and

DF“ i1s the 1nge§t1on dose factor for age ¢ 8 and nuclide 1, tn mrem/pCi
(taken from Appendix E, Tables E-11 to E-14); .
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RECOMMENDED VALUES FOR THE TRANSPORT TIMES IN THE FOOD
' DISTRIBUTION SYSTEM

FOOD MEDIUM DISTRIBUTION TRANSPORT TIME (in days)
Fr:uits. grains, and vegetables 14
ﬂilk> 4
Meat and poultry 20
Sport fish 7
Commercial fish 10
Orinking water 1

‘To be used in lieu of site-specific data on food distribution.
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D 15 the annual population-integrated dose to organ § (total body or thyroid),
J _in man-rem/yr or thyroid man-rea/yr; o oet d yrote)

e e A -
’ 1s the population consuming food medium p; and -
Pso 1s the total population within 50 ailes.

All other factors are 8s defined above.

flote that the above formulation 1imits the evaluation of the exposed population evaluation
to the population residing within 50 miles as speciffed in paragraph D, Section II of Appendix I
to 10 CFR Part 50: In caiculating the annual population-integrated tota) body and thyroid
doses, the age distribution of the population within 50 miles may be assumed to be the same as
the age distributfon of the U.S. population (Ref. 1). Reference 1 indicates the fractional
breakdown to b2 as follows: children, 0.18; teenagers, 0.11; and adults, 0.71. Infants (0-1 year
in age) are not projected to exceed 2% of the population {Ref. 1), and their population fraction
has been included in that given above for children, :

2.  Use of the Models

8. Population-Integrated Doses from Liquid Effluents

The annual total body and thyroid popu‘lat‘lon-integntéd doses due to exposure to lig-
vid effluents should be evaluated for the following principal pathways: potable water, aquatic

_food products, external {frradfation from shoreline deposits, and terrestrial food products frri-

gated with water that has received the liquid effluent.
(1) Doses from Potable Mater

The annual population-integrated total body and thyroid doses from water consump-
tion are evaluated for all subregions that have water intakes exfisting or desi?nated at the time
of the Vicense application. The products of the individual doses and the population exposed in
each such subregion within 50 miles from the site are summed to obtain the total dose. The
formulation expressed in Equation (D-1) may be used.

The tote) body and thyroid dose of the individuals should be evaluated using
Equation (A-2) in Appendix A of this guide, together with the age-dependent usage factors U.p

obtained from Table D-1. The dilution from the discharge point to”the usage point should be
evaluated using appropriate hydrological models for the various subregions.

If the population served by a particular water supply system is not known, 1t can
be estimated by the following: :

P, = v/ ~ | C (-5)
where
c 1s the average daily usage of individuals on the system, in gal/day per
person; '
P is the estimated population served by the wetér system; and

[
v 1s the average daily intake of the water supply systam, in gal/day.

If the industrial usage from the water sSupply system 15 known, 4t can be sub-
%;:cted from the average daily {ntake of the system before this value {5 ontered into Equation

The population served by a weter supply system whose intake {s within the 50-mile

. radius may Include individuals who reside outside the circle. This population may be pro-rated

to include only the population within the 50-mile radius. Conversely, s water supply System with
an intake beyond the 50-mile radius may serve the population within the 50-mile radius, whose
expesure via drinking water should be fncluded in the 50-mile population dose evaluation.
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(2) Doses from Aquatic Food Products

The annual-population-integrated total body and thyroid doses from consumption of
squatic food products are evaluated using the production of sport shd commercial harvests in
the varfous subregions. The mixing ratio (or dilutfon) should be evaluated for each subregion
using an appropriate hydrological model. For sport harvests, the entire adible harvest is
assumed to be ingested by the population within 50 miles. The formulation expressed by Equation
(D-4) should be used with the population P_ given by the results of Equation (D-3). The age-

specific ingestion rates of Table E-4 may be used in Yieu of site-specific data.

For con.ercial harvests, the production within 50 miles from the site §s con-
sidered as part of the total U.S. harvest. Equation (D-2) should be used to compute the average
concentration, with vp as the total estimated U.S. commercial harvest of the aquatic food

medium p. The annual population-integrated dose is then computed using Equation (D-4) with
Pp . PSO‘ The age-specific factors of Table E-4 may be used in lieu of site-specific data.

{(3) Doses from Shoreline Deposits :

The annual population-integrated total body and thyroid doses from recreational
activities on the shoreline of the receiving water body are evaluated by sueming the product of
the individual doses in each subregion and the population exposed therein. A1l subregions
within the 50-mile radius shouid be considered where existing or designated recreational facili-
ties exist. If available, actual recreational usage in the vicinity of each facility should be
used. The formulation of Equation (D-1) fs appropriate. .

(4) Doses from Consumption of Terrestrial Food Products Irrigated by Waters
Reteiving the Liquid Effluent )

The annual population-integrated total body and thyroid doses from consumption of
food frrigated with water from the body recefving the 1iquid effluent are evaluated following
the procedures outlined in the development of Equation (D-4). WNote that the term \Ip of Equations

(D-2) and (D-3) denotes the total production of food medium p within 50 miles, not just the
total production of irrigated food medium p. The consumption rate data of Table D-1 may be used
in lieu of site-specific data in the evaluation of Equation (D-4).

b. Population-Integrated Doses from A{rborne Effluents .-

The annual total body and thyroid population-integrated doses should be evaluated for
the following principal exposure pathways: noble gas submersion, inhalation of airborne efflu-
ents, ingestion of contaminated terrestrial foods (milk, meat, and produce), and external
irradiation from activity deposited on the ground. Available state or county agricultural pro-
duction data mey be used for estimating the population-integrated doses from food consumption.

For the evaluation of exposures from atmospheric releases, the 50-mile region should
be divided into 160 subregions formed by sectors centered on the 16 compass points ?N. NNE, NE,
etc.) and annuli at distances of 1, 2, 3, 4, 5, 10, 20, 30, 40, and 50 miles from the center of
the facility. The atmospheric dispersion factors (x/Q) or similar factors should be evaluated
at the radial midpoint for each of the subregions using appropriate atmospheric dispersion .
models such as those described in Regulatory Guide 1.111. )

(1) Doses due to Exposure to Noble Gases

- The annual population-integrated total body dose due to noble gas effluents
should be evaluated by summing the products of the individual doses in each subregion and the
population in each subregion. Equation (D-1) may be used. For external exposure, the model
does not differentfate between age groups. A structural shielding factor of 0.5 should be
applied in conjunction with the dose factor data of Table B-1.

(2) poses due to Inhalation of Radioiodines and Particulates

The annual population-integrated total body and thyroid doses from fnhalation of
airborne effiuents should be evaluated by sumning the products of the fndividual doses received
4n each subregion and the population in sach subregion. Equation (D-1) may be gsed. The age-
specific tnhalation rates of Table E-4 may be used with the data of Tables E-7 to E-10.
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(3) Doses due to Ingestion of Terrestrial Food Products

" The annual population-integrated total body and thyroid doses from imgestion of

terrestrial food products should be evaluated using the production data for each subregion. For

milk, meat, and comnercial vegetables, the formulation of Equation (D-2) should be used to

cslculate the average concentrations in the foods. These concentrations are then used in

sgultion (0-4), along with the data of Tables D-1, E-4, and E-11 to E-14, to calculate population
ses.

(4) Doses due to External Irradiation from Activity Deposited on the Ground

The annual population-integrated total body and thyroid doses from external
gxposure to surface deposition of the effluent should be evaluated using Equation (D-1). A
household shielding and occupancy factor of 0.5 should be applied in conjunction with the dose
factors of Table E-6. A

REFERENCE FOR APPENDIX D

1. “Current Population Reports,” Bureau of the Census, Series P-25, No. 541, U.S. Dept. of
Commerce, 1975. . :
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APPENDIX E

WUMERICAL DATA FOR THE CALCULATION
OF ANNUAL DOSES TO MAN FROM ROUTINE
RELEASES OF REACTOR EFFLUENTS

This appendix contains data for use in the equations presented in the Regulatory Position
and in Appendices A, B, C, and D of this guide. The numerical values presented in this appendix
are those routinely used by the MRC staff. In instances where more appropriate information of.a
site-specific nature has been developed and documented, that fnformation should be used.

In a number of {nstances the staff has found ft mecessery to provide gufdance as to the
value of a particular parameter in the absence of substantial empirical data. In such instances
the staff has exercised judgment and has considered values used by others and the sensitivity of
the results to the value assumed. *

Information {s provided below under four broad categories: environmental data, human data,
dose factors, and other parameters.

1. Environmental Data

Table E-1 provides values for Vthe following stable element transfer coefficients:

a. Biv for the estimation of produce, leafy vegetable, or pasture grass radioactivity
from that in sofl (pCi/kg in vegetation per pCi/kg in soil);

b. Fm for the estimation of cow milk activity from that in feed (pCi/2 in milk per pCi/
day ingested by the animal); and )

c. Ff for the estimation of meat activity from that in feed (pCi/kg in meat per pCi/day
ingested by the animal).

The data are largely derived from Reference 1. The value of the cow milk transfer coefficient
for radiofodine is based on the staff's review of the literature (Refs. 2-9).

Values of transfer coefficients for goat milk are presented in Table E-2 for a imited
number of nuclides. For nuclides not 1isted in Table E-2, the milk transfer coefficient from
Table E-1 should be used. '

Verious animal parameter values are presented in Table E-3 for use {n estimating animal
product activity levels as functions of the corresponding levels in feed and wmater supplies.

2. Human Data

Tables E-4 and £-5 present usage rates of varfous environmental media by average individuals
and maximum individuals, respectively, according to age group. “Seafood" {1s used to indicate
intake of aquatic invertebrates such as lobster, crab, clams, and oysters. [Ingestion of agquatic
plant material is mot normally assumed. :

3. Dose Factors

Dose factors for extermal frrediation from a uniformly contaminated ground plane are

presented in Table E-6 (Refs. 10 and 11), 11 units of mram/hr per pCilnz. These factors are
applicable for surface contamination via deposition of Yiquid effluents on shoreline sediments
or airborne effluents on ground surfaces. Dose factors are provided for the total body and skin
only. Doses to other organs are assumed equal to the total body dose. - _

Dose factors provided in Table E-6 are derived from a consideratfon of the dose rate to air
1 meter above the ground plane and the penetration of the radiation into the body. The total
body dose s computed at & penetration depth of 5 cm; the skin dose s computed at a depth of

7 -g/az. These tissue depths are indicated by Reference 12, where it i3 suggested that, for
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TABLE E-2
MUCLIDE TRANSFER PARAMETERS FOR GOAT'S MILK®

Element F,, (days/liter)

H 0.17

c 0.10
P 0.25

Fe ‘ 1.3E-04

Cu 0.013

Sr 0.014**
1 _ ' 0.06**

Cs . 0.30*

- .
Values in this table are from References 1 and 14 unless
otherwise indicated.

"From Reference 15,

TABLE E-3
ANIMAL CONSUMPTION RATES

Q Qi
Feed or Forage Mater
(kg/day [wet weight]) . {2/day)
80 (Ref. 10) , 60 (Ref. 16)
Beef cattle 50 (Ref. 10) $0 (Ref. 16)
6 (Ref. 17) 8 (Ref. 18)




TABLE E-4
IECWENDED VALUES FOR U, ap TO BE USED FOR THE AVERAGE mxvxm

. . IN LIEU OF SITE-SPECIFIC DATA
Pathway Child Teen Adult
Fruits, vegetables, &
grain (kg/yr)* 200 240 190
Rtk (a/yr)e 170 200 10
Meat & poultry '
(kg/yr)* 7 - 89 95
Fish (kg/yr)* 22 5.2 6.9
Seafood (kg/yr)* 0.33 0.75 1.0
Drinking water (2/yr)** 260 260 370
Shoreline recreation
(hr/yr)ee 9.5 47 8.3
Inhalation (a3/yr) 3700+ 8000+ 000"
-
( Consumption rate obtainéd from Reference 19 and cge-pr'orlted using
. techniques in Reference 10.
. moltl obtained directly from Reference 10.
Inhalation rate derived from data provided in Reference 20.

tbata obtained directly from Reference 20. -”

a » ‘.‘0%*39



TABLE E-5

RECOMMENDED VALUES FOR U, TO BE USED FOR THE MAXIMM EXPOSED
INDIVIDUAL IN LIEU OF SITE-SPECIFIC DATA

Pathway

Fruits, vegetables &
grain (kg/yv)®,**

Leafy vegetables
(kg/yr)*

milk (2/yr)*

Meat & poultry
(kg/yr)*

Fish (fresh or salt)
(kg/yr)***

Other seafood (kg/yr)*
Drinking water (t/yr)+

Shoreline recreation
(hr/yr)t

Inhalation (mslyr)

Infant

330

1400++

£hild

520

26.
330

4

6.9
1.7
510

14
3700++¢

Teen

630

42
400

65

16
3.8
510

67

8000+++

110

21

730

8000+

.Consumption rate obtained from Reference 19 for averige {ndividual and

age-prorated and maximized using techniques contained in Reference 10.
- -
Consists of the following (on 2 mass basis): 22% fruit, 54% vegetabies

(4ncluding leafy vegetables), and 24% grain.

Consumption rate for adult obtained by averaging data from References 10
and 21-24 and age-prorated using techniques contained in Reference 10.

thata obtained directly from Reference 10.
*1bata obtained directly from Reference 20.

T inhalation rate derived from data provided in Reference 20.

1.105-40




TABLE E-6
S_FOR_STANDING ON CONTAMINATED GROUMD

(mrem/hr per pCi/n‘)
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" TABLE E-6 (Continued)

Skin

Jotal Bod
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Cs-14
Cs-136
Cs-137 -
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8a-139
Ba-140
8a-14)
Ba-142
La-140
La-142
Ce-141
Ce-143
Ce-144
Pr-143
Pr-144
Nd-147
H-187
Np-239
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calculatfonal purposes, the average depth of the blood-forming organs may be assumed to be 5 om.
Reference 12 also identifies the cells of the basal layer of epidermis as the tissue of interest

fn the computation of skin dose and states an average depth for these cells of 7 .g/anz. This
uidance s reflected {n the dose factors presented in Table £-6 and also in those presented n
ndix B, Table B-1, for use in calculating external doses from moble gases.

Dose factors for internal oxgosure are provided in Tables E-7 through E-14, fn units of
wrem per pC{ {ntake (Ref. 25). Tables E-7 through E-10 are for inhalation (one table for each
Of the four age groups), while Tables E-11 through E-14 are for ingestion. Dose factors provided
for the inhalation of H-3 include an increase of 50 percent to account for the additional amount
of this fsotope absorbed through the skin (Ref. 25).

As discussed in Sectfon B, "Discussion,” these dose factors are appropriate for continuous
{ntake over a'one-year period and include the dose commitment over a 50-year per{iod. The cal-
culational scheme by which these dose factors are derived includes elementary consideration of
changing physical and matabolic characteristics during the perfod over which the dose commitment
is evaluated. For example, envirommental exposure of an infant over & one-year pariod 1s treated
as follows: dose during the férst year §s computed based on {nfant physiological and metabolic
characteristics considering both the buildup and decay of the appropriate organ burden; dose
during years 1-10 is computed based on child physiological and metabolic data considering decay
of the organ burden from its peak value at age 1; dose during years 11-16 s treated in a similar
fashion using teenager characteristics; and dose during sdulthood is computed based on the
physiological and metabolic characteristics of an adult. Age-dependent parameters are changed in
steps at the breaks between age groups. ) )

4. Other Paramaters

Table E-15 has been provided as a central location for the recommended values of many of
the miscellaneous parameters appearing in equations in this guide. In some fnstances, a parameter's
value or units is a function of the equation it is used in. Additionally, for some parameters
used in calculating activities in vegetation, the value is also a function of the exposure path-
way. Table E-15 has been 6rganized to note these complications.

Valves of the parameter SF' 8 structural shielding and occupancy factor, are given in

Table £-15 as 0.7 (for maximum {ndividuais) and 0.5 {for the general population). Using the
general approach given in Reference 26, the staff estimates an average structural shielding factor
of 0.5 for typical reactor effluents. Assuming the maximum {ndividual spends about 50 percent of
the time indoors, the overall shielding and occupancy factor is then approximately 0.7. The
factor of 0.5 is used directly for population dose calculations. These factors are applicable

for external gamma exposure from noble gases and for external exposure from contaminated ground
surfaces.

1.109-43
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VABLE E-7
PASE 1 OF 3
INHALATION DOSE FACTORS FOR ADULTS

(YREM PER PCI INHALED)

~UCLIDE GONE LIVER T.R00Y  THYROID KIDNEY LUNG GI-LLI

H 3 NO DATA 1.58E-07 1.5BF-07 1.50E-C7 1.58E-07 1.58E-07 1.58E-07
C &  2.27E-06 €.26E~07 4&.,26E-07 &.26E-0T7 4.26E-07 4.26E-07 &.,26E-07
NA 24 1028E-06 1.28E~D06 1,.28E-06 1.28E-06 1.28E-06 1.28E-D6 1.2BE-06

L3

P 32 1.65E=064 9.64E-06 6.26E-06 NO DATA NO DATA NO DATA 1.08E-05
CR S1 NO DATA NO DATA 1.25E=08 Teb44E=09 2.85E~09 1.80E-06 4.15E-07
MN 54 NO DATA  4,95E-06 T.87E-07 NOD DATA - 1.23E-06 1.T75E-04 9.6TE-06
NN S6 NO DATA 1.55E=-10 2.29E~-11 NO DATa 1.63E-10 1.18E=-06 2.53E-06
FE 55 3.07E~06 2.12C-06 &.93E~-0T7 NO DATA NO DATA 9.01€E-06 T7,54E~07
FE $9 1.6TE=06 3.4TE~06 1.32E-D6 NO DATA  NO DATA 1.27€E-04 2.35E-0S
CD S8 ND DATA 1.96E-07 2.59E-07 NO CATA NC DATA 1.16E-04 1,.33£-05
€O 60 NO DATA 1.44E-06 1.85E~06 NO DATA NO DATA T46E~04 3,56E-05
Nl 63 5.40E~05 3.93E-06 ].81E-06 NO DATA NO DATA  2.23E=05 1.67E-06 "
41 &5 1.92E=-10 2.62C=11 1l.14F-11 NO DATA NO DATA T-00E-07 1.54E-06
CV 64 NO DATA 1.83E~10 7.69E-11 ND DATA 5.TBE-10 0.48E-07 6.12E-06
IN 65 4.05E~06 1.29€E-05 5.82E-06 NO DATA 8.62E-06 1.08E~-04& 6.6BE-NG
IN 69 . €.23E~12 B.164T-12 '5.65E-13 NO DATA  5.27E-12 1.15E=-07 2.04E-09
S8R 83 NO DATA NO DATA  3,01€E-~D8 NO DATA NO DATA  NO DATA  2,.90E-08
BR 84 ND DATA  NO OATA 3.91E-08 NO DATA  ND DATA MO DATA  2.05E-13
éR 85 NO DATA  NO DATA 1.60E-09 'NO DATA NO DATA NO DATA LY E-24

RB 806 NOU DATA 1.69E-05 7.37E-06 NO DATA NO DATA WD DATA 2.08E-~06
RE 88 NO DATA 4. .B4E-08 2.41E-08 NO DATA NO DATA  NO DATA  &,18E-19
RB 89 NOD DATA 3.20E-98 2.126-08 NO DATA NO DATA  ND DATA 1.16E-21
SR 89 3.80E-05 NOD DATA 1. 09E-06 NO DATA NO DATA 1. 71SE~04 &.37E-05
SR 90 1.24€E-02 NO DATA 7.62E-04 NO DATA  NC DATA 1.20€E-03 9.02E-05
SR 9] T.T4E-09 NO DATA  3.13E-10 NO DATA NO DATA  4,.56E-06 2.39E-05
SR 92 8.43E=-10 NO OATA 3.64E-~11 NO DATA ND DATA  2.06E-06 5.3BE-06
Y 90 2¢61E=07 ND DATA T<01lE-09 NO DATA NO DATA  2.12E-05 6.32E-05
Y 9ln 3.26E-11 NO DATA 1.27E-12 NO DATA NO DATA  2.40E-07 1.66E-10
Yy 9l 5.78E-05 NO DATA 1.55E-06 NO DATA NO DATA  2,13E-04 4.B1E-05
Yy 92 1.29€=-09 NO DATA 3.77E~-11 NO DATA NO DATA 1.96E-06 9.19E-06
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TABLE E-7, CONT®D
PASE 2 OF 3

ENHALATION DOSE FACTORS FOR ADULTS
(MREM PER PCI INHALED)

NUCLIOE BONE LIVER T.800Y THYROID KIDNEY LUNG Gl-LLl
Yy 9 l-l.E-d! ND DATA 3.26E-10 &0 DATA NC DATA  0.06E-06 5,27E-05
IR 95 1.34E-05 4,.3CE-06 2.91E-D6 NO DATA  $,TT7E-06 2.21E-04 |1,808E-0S
IR 97 1.21E~08 2.45C=09 1.13E-09 NO DATA 3.TIE=09 9.84E-06 6.54E-05
NB 95 1.T6E-06 O9.77E-07 .5.266-07 MO DATA  §5.67E-07 &.31E~05 1.30E~: S
M0 99 NO DATA 1.51E-08 2.87E-09 NC DATA 3.64E-08 1.14E~05 93,10E-(5
TC 99M  1,29E-13 3.64E-13 &.63E-12 WO DATA $.52E-12 9.55E-08 S.20E-(7
TC101 $5.22E~15 T.52E-15 T.36E-14 NO DATA 3e35E=13 4.99E-08 I.36€-21
-RU103 1.91E-0T7 NOD DATA 8.23E-08 ND DATA  T.29E-0T7 6.31E-05 1.38E-0"
RUI05 9,8BE-11 NO DATA  3.89E-11 NO DATA 1.27€~10 1.37E-06 6.02€-06
RUL06 B.04E-06 NO DATA 1.09E=06 N0 DATA 1.6TE-05 1.1TE-03 1.14E-04
AGLLIONM 1.35E-06 (.25E=06 T.43C=0T NO DATA  2.46E-D6 S.79E-04 . 3,78E-05
TELI25% 4&.2TE-07 1.98E-07 S5.84E-08 1.31E-07 (§.55E<06 3.92E-05 B.83E-04
TEL127F 1.58E~06 7.215=07 1.96E-07 &.11E-07 S5.72E-06 1.20E-04 1.87E-05
TE127 1.75€=-10 8.03%=11 3.87E-11 1.3%32E~-10 6.37E-10 B.14E-07  7T.1TE-06
TE129¥ 1.22E-06 S5.64E-07 1.98E-07 4.30E-07 &.STE-06 1.45E-04¢ &.T79E-05
TE129 6.22E-12 2.99E=12 1.55E-12 4.876=12 2.34E-11 2.42E-07 1.96E-08
VELI3IM B T4E-09 5.45E-09 3,63F-09 6,88E-09 3.86E-08 1.82E-05 6.95E-05
TF131 2.39E=12 To44E-13 4.45E-13 L-ATE-12 S.46E-12 1.74E-07 2.30E-09
TE132 3,25E-08 2.,069E-08 2,02E-08 2.37E~08 |.82E-0T7 3.60E-05 6.3TE-05
1 130 5.T2E=07 1.68E=06 6.60E~07 1.42E~-04 2.61E-06 NO DATA 9,61E-07
1 131 3.15E~06 & 4TE-D6 2.560=06 1.49E-03 7T.66E~-06 NO DATA 7.85E=-07
1 132 1.45E-07 &.07E=0T7 1.45E-0T7 1.43E-05 6.4B8E-O7 NO DATA  S.08F-08
113 1.08E=06 1.,855~06 5.65E-0T7 2.69E-~04 3,23E-06 NO DATA 1.11€=-06
1 136 8.05€-08 2.16E-07 7.69E-08 3.73E-06 3.44E-07 NO DATA 2.26E~10
1135 3.35€E-07 B.73E-07 D.21E-07 5.060E-05 1.39E-06 NO DATA 6.56E-07
CS134  4,66E~05 1.06E-04 9.10E-05 NO DATA 3.59€-05 1.22E-05 [1.30E-06
CS136  4,8B8E-06 1.B3tE-05 1.3B8E-05 NO DATA 1.07E-05 1.%50E~06 1.46E~06
£s137 5.98E~05 7.76E-05 5.35E-05 NO DATA  2.T8E-05 9.40E-06 1.05E-06
csiae 4.16E=-08 7.T6E-08 &.05E-08 NO DATA 6.00E-08 6.07E-09 2.33E-13
BAl39 1.176-10 B.32E-14 3.42E~12 NO DATA T.T8E-14 4&.TOE~O0T7 1.12E-07
1.109-45



TABLL E-7, CONT'D
PAGE 3 OF 3

JVHALATION DCSE FACTORS FOR ADULTS'

(MREM PER PCI INHALED)

NUCL ICE BONE "L JVER Y.80CY THYRDID  KIDNEY LUNG Gl-tL1?

#AleD 4.8B8E-06 6.136-09 3,21E-DT7 NO DATA 2.09E-N9 1,59E-04 2,73F-05
6Alel 1.256~11 9,6]1E~15 4,20E-13 NO DATA 8.75E-15 2.42E-07 1.45E-17
RAl42 3.,29E-12 3,38E-15 2.07E-13 NO DATA 2.86E-15 1.49E-07 1.96E-26
LAL40 6;!05-08 2.17E-08 5.73E-09 NOU DATA NO DATA 1.70E-05 S.73E-05
LAL1&2 8.564E-11 3.88E-11 9.6%-12 ND D/TA NC DATA Te91E=-07 2.64E-07
CEled 2.49E-06 1.69Z-06 1.91E-07 NO CATA T.BIE-OT 4.52E~05 1.50E-05
cEle3 2.33E=08 1.72E-08 1.91E-09 NO DATA 7.60E~09 ©9.9T7E-06 2,83E-05
CEles 4.29E-04 1.79E-04 2.30E-05 NO DATa 1.066-04 9.T2E-04 1.02£~-04
PR143 1.17€-06 4.09E-0T S.B8DE-D8 NN DATA 2.70€-07 3.51E-05 2.50E-05
PR144 3.76E-12 1.56E-12 1.91E-13 ~O 0ATA 8.RIE-13 1.27F-07 2.69E-18
ND147 6.59E-0T T.62E~07 «&.58E~08 N0 DATA 4.45E-0T7 2,T76E-05 2.16£-05
w187 1.06E-09 8.85:-1D 3.10E-10 NO DATA NO DATA 3.63E-06 1.94E-05
NP239 2.BTE-08 2,82:~09 1.556-09 NO DaTA B.756~09 4&,TOE=-06 1.49E-05

1.109-46




. '.’A\

TABLE E-B
PAGE 1 OF 3

INHALATION DOSE FACTORS FOR TEENAGER
(MREM PER PCI INHALED)

NUCLICE . BONE LIVER T.80LY THYROLD KIDNEY LUNG GI-LL!

H 3 NO DATA 1.59E=07 1.59E-07 1.59E-07 1.59F=07 1.59E-07 1.59E-~07
€ e 3.25€-06 6.C9E-07 6.09E-0T7 6.09E-CT? 6.09E-0T7 6.09E-07 6.09E-07
A 24 1.T2E-06 1.72E=-06 3.T72E=06 1.T72E~06 1.T726-06 L.T2E-06 1.72E-06
LN ¥4 2.36E-064 1.37C-0> B.95E-06 "0 DATA NC OATA NO DATA 1.16F=-05
Ck 51 NO DATA  NO DATA 1.69F-08 O9Q.37E~09 3.84c=-09 2.62E-06 3.75€E-07
"N 54 NO DATA 6.,39=-06 1.05E-06 NO DATA 1.59E=06 2.48E-04 B8.,356-06
”N 36 NO DATA 2.126=10 3,15E-1) NOU DATA 2.26E~-10 1.90E-C6 7T.1BE-D6
FE S5 4.18£-06 2,98E-06 &.93E-0T NO DATA NO DATA 1.55E-05 7T.99E-07
FE %9 1.99€-06 4.62E-06 1.T79E-06 NO DATA NO DATA 1.91E-04 2.23E-05
€0 5¢ ND DATA 2,59E=07 3.,47E-0T NO DATA ND DATA 1.68E~04 1.19E-05
C0 60 NO DATA 1.,87E-C6 2.,485-06 NO DATA NG DATA §.09E=03 3.24E-05
NI 63 To25E=-05 5.43E-06 2.4TE-06 NO DATA NG DATA 3.84E-05 1.77E-06
NT &5 2.73E-10 3.06F=11 1.59E-11 WND DATA NO DAYA 1.17E~-06 &.59€-06
CuU &4 NO DATA = 2.54t-10 1,06E-10 WND DATA 8.01E~10 1.39E-06 7T.68E-06
&N 65 4.82E~06 1.07€-05 7.80E-06 NO DATA 1.08E~-05 1.55E-0& 5.83E-00
IN 69 6.06E-12 1.15Ff-11 B.07E=13 ND DATA T53E~12 1.98E-07 3.56F~08
8R 83 NO DATA  NO DATA 4.,30C-08 &D DaATA ND DATA NO DATA LY E-24

LR 8¢ NO DATA  NO DATA S.41E~08 NOD DATA NC DATA NO DATA LT E-2¢

AR 85 NO DATA  NO DATA 2.29E-09 NO DATA NO DATA NO DATA LY E-24

'8 86 ND DATA  2.38£-05 1.0SE-0> WO DATA -ND DATA NC DATA 2.21E-06
R 88 NO DATA  6.B2E-08 3.40E-08 NO DATA NO OATA HO DATA 3.65E-15
RE 89 ND DATA  4,64CC-08 2,91E-08 NO DATA NO DATA NO DATA ©.22E-17
SR 89 $5.43E~-05 NO DATA 1.56E-06 NO DATA NC DAYA 3.,02E-04 4.64E-05
Sk 9) 1.35E~02 NO DATA 8.356-04 NO DATA  NO DATA 2.06E-03 9.56E-05
SR 91 §.10E=08 NDO DATA ©.39E-10 NO DATA NO DaTa TeS9E=~06 2.24E-05
SR 92 1.19E-C9 NO DATA $.08E=11 WD DATA NO DATA 3.43E-06 1.,49E-05
Y % 3.713E-07 NO DATA 1.006-08 NO DATA NO DATA 3.66E-05 6.99E-05
Y Olv 4.63E-11 ND DATA 3.TTE~12 NO DATA NO DATA 4.00E-07 3.T7E=-09
Yy 91 8.26E-05 NO DATA 2.21E~06 NO DATA NO DATA 3.67E-04 5.11E-05
Y 92 1.04E-068 NO DATA $.36E-11 NO DATA NO DATA 3,35E-06 2.08E~05

2.100-47



TAGLE E~8, CONT'D
PAGE 2 OF 3

INHALATION DOSE FACVDRS.FOR TEFNAGER
(MRENM PER PCI INHALED)

NUCLIDE SONE LIVFR ¥.800Y THYROID  KIDNEY LUNG Gl-LL!

Y 93 1.69E-08 NO DATA  4,65E-10 NO DATA  NO DATA 1.04E-05 7.24E-05
IR 95 1.82E=05 5.73E~06 3.94E~06 NO DATA  Q.42E-06 3.36E-D& 1.86E-05
IR 7 1.72E~08 3.40E~09 1.57E-09 WND DATA S5.156-09 1.626-05 7T.88E-05
NB 95 2.32E-06 1.29E-06 7Y.08E~07 NOD DATA 1.25E~-06 9.39E~05 1.21E-05
‘M0 99 NO DATA  2,11E-08 4.03E-09 NO DATA  S.14E-08 1.92E-05 3.36E-05
TC 994 1.73E=13 4.83E~13 6.24E-12 NO DATA Te20E~12 1.44E-07 T.66E-07
TClo01 T.40E-15 1.05E-14 1.03E-13 NO DATA 1.90E-13 B.34(-08 1,09E-16
RUL03 2.463E~07 NO DATA 1.12E-DT NO DATA  9.29E-07 9.79E-05 1.36E-05
RU1LDS 1.,40E-10 NO DATA 5.42E-11 NO DATA 1.76E-10 2.2TE~06 1.13E~-05
RULDS 1.23E-05 NO DATA 1.55E=06 NO DATA  2,.3BE-05 2.01€-03 1.20E-04
AGLIOM L1.73E-06 1.64E-06 9.99E-0T7 NO DATA  3.13E-06 B.44E-04 3.41E~05
TEL25# 6.10E-07 2.80E-07 B8.34E-08 1.75E-07 NO DATA  6.70E-05 9.3BE-06
TE 12Tm 2.Z§E°06 l-°25‘06 20735'07 5.6!5-07 0.1TE-06 20075'0‘ 1:.99€E-05
TEN27 2.51E~10 1.14F=10 5.52E-11 1.77E-10 9.10E-10 1.40E-06 1.01E-05
TEL29M 1.T¢E~06 B.23E-07 2.8lE-07 S5.72E-07 6.49E-06 2.4TE-04 S.06E-05
TE129 8.87E~32 4.22E-12 2.20E-12 6.48E-12 3.32E-11 &.12E-07 2.02€E-07
VE131# 1.23E-08 7T.51E~09 5.03E~09 9.06E~09 5.49E-08 2.97E-05 7.76E~05
TELA 1.97E=12 1.04E-12 6.30E-13 1.55E=12 7.72(~12 2.92E-07 1.89E~09
TELd2 4.50E~08 3.02E-08 2.T4E-08 3.0TE~08 2.44E~-07 S5.61E-05 5.79€-05
i 130 Te80E~0T 2.24E-06 O.96E-07 1.86E-04 3.44E-06 NO DATA 1.14E~-06
1131 4.43E~06 O6.14E-06 3.30E~06 1.33E-03 1.05€-05 NO DATA 8.11F-07
1 132 1.99E=07 S5.476-07 1.97E-0T7 1.89€E-05 O.65E-07 NO DATA 1.59E=-07
1 133 1.52E-06 2.56E-06 T.T7BE-O0T7 3.65E~04 &.49E-06 NO DATA 1.29E-06
I 1364 1.11E=O7 2.90E~07 1.05E-OT7 &.94E-06 &.58E~-0T7 NO DATA  2,.55E-09
1 135 4.62E=-07 1.18E-06 &.36E-DT T.T6E-05 1.06E~06 NO DATA  8.69E-07
CS136  6.28E~05 1.41E-04 6.86E-05 ND DATA  4,69E-05 1.83E-05 1.22E-06
CS136  6.44E-D6 2.42E-05 1.71E-05 NOD DATA  1.3BE-05 2.22E-06 1.36E-06
cs137 8.38E-05 1.06E-04 3.B9E-D5 NO DATA  3.B80E-05 1.51E-05 1.06E-06
cs13e 5.82E-08 1.07E-07 S$.58E~08 NO DATA  B0.28E-08 9.84E-09 3I.30E-11
BA139  L.O6TE-10 1.18E-13 4.87E-12 NO DATA  1.11E-13 B8.08E-07 O9.06E-07

1.109-48




TABLE E-B, CONT*D

PAGE 3 OF 3

IKMALATION DUSE FACTORS FOR TEENAGER

(MREM PER PCI INHALED)

NUCL 1 DE BONE LIVER ¥.300DY THYROID  KIDNEY LUNG Gl-LL1

84140 0.84E-00 ©0,38F-09 4.40E-D7 NO DATA 2.85E-09 2.54E-04 2.86E-05
BAalel 1.78E-11 1,.32E~16 5.93E-13 WO DATA 1.23E-16 &.11E~-07 9.33€~-14
BAle2 4.62E-12 €.63E-15 2.84E-13 NO DATA 3.92E~-15 2.39;-07 $.99€-20
LAL4O 5.99E~08 2.95E-080 T.82E-09 ND DATA NO DATA 2.6BE-05 6.09E-05
LAle? 1.20E-10 S.31E-11 1.32E-11 NO DATA  NQO OATA 1.2TE~06 1.50C-06
CEls) 3.55E~06 2.370-06 2.71E-DT NO DATA 1.11E-06 T.6TE-05 1.58E-05
CEle3 3.32E-08 2.42E-08 2.TOE-09 ND DATA 1.08E-08 1.63E-05 3.19€-05
CEl46¢ p.11E~-04 2.53E-04 3.28E-05 NG DATA 1.51€~04 1.67E~03 1.08E-04
PR 14} 1.6TE=D06 &.64E-0T7 8.28E-08 NO DATA 3.86E~07 &.04E-05 2.67E-05
PR14SG $.3TE~12 2.20E-12 2.72E-13 NO DATA 1.26E-12 2.19E-07 2.94E-14
ND147 9.83E-07 1.07E-06 6.41E~08 NO DATA 6.28E-0T7 &.65E-05 2.28F-05
W 187 1.50E-09 1.22€~09 4.,29€E-10 NO DATA NO DATA  S5.92E-06 2.21€E-05
NP239 %,23E-08 3.99E-09 2.21E-09 NO DATA 1.25e-08 A.11E-06 1.65E-05




B

TABLE E-?

®AGE 1 OF 3

INHALATION DOSE FACTORS FDR CHILD

(MREM PER PCT INHALED)

YUCLIVE BONE LIVER T.R0DY YHYROID KIONEY LUNG Gl-LLI
Lt - e ccrnsccndecannee coca
M 3 NO DATa 3.C4E-OT 3,06E-0T7 V.04£-0T7 3I.04E~07 3 04E=CT7 3I.04E-07
C 14 9.TOE~06 1.B2c=06 1.9%2E-06 1.82E-06 1.B82E~06 1.82E-06 1.82E-06
NA 29 Q.35E-06 4.350-06 4,35E-06 &.I5E-06 &.3I5E~T6 &.I5E=06 &.3I5E-06
P 32 To04E-04 3.09:-05 2,67€-05 NO DATA NC DATA ND DATA 1.14€-05
CR 51 NO DATA NO DATA G, 1TE-DB 2.31F=-N8 6.57E=-99 &,.59E~-06 2.93€E-07
HN 54 N0 DAYTA 1.168=-05 2.57F=06 NOU DATA 2:V1E=D6 &,26E=-04 6.19F=0¢6
®uN 56 N0 DATA &.48E-10 @8.43E-11 NO DATA 4.52E~-10 3,.55C-06 3,33C-05
FE 55 1.28E~05 6,80E-06 2.1CE-06 NO DATA NO DATA 3.00€~-05 7,.7156-07
FE 59 $:.59L=06 9Q.C4E-06 &.51E-D6 NO DATa NO DATA 3.43C-06 1.91E-05
CO 58 NU DATA &,.79¢-07 B8.55€-07 NOD DATA NC DATA 2.99E=-04 9.29E-06
CO 60 NO DATA 3.556=-06 6.12E-06 NN DATA NO DATA 1.91E~03 2.60E-05
NI 63 2.22E~-04 1,25F-05 7T.56E-06 NO DATA NO DATA Te43E=-C5 1.71F-06
4] 65 B:blE-lO Te99E=-11 4.464E=]1]1 NO DATA NU DATA 2.21E-06 2.27€-05
CU 66 NO DATA $5.49E-10 2.90C-10 NO DATA 1.63E=-09 2.59E-06 09,92€-06
IN 65 1.15E~-05 3.06E-05 1.,90L-05 NO DATA 1.93E~05 2.,69E-04 4.41E-06
IN 69 1.81E=-11 2.061E-11 2.41£~12 NO DATA 1.58E=~11 3.84E-07 2.75F-06
KR 83 NO DATA NO DATA 1.28E-0T7 WO DATA NC DATA NO DATA LT E-24
UR B4 NO DATA NU DATA 1.¢8E-07 NO DATA ND DATA NC DATA LY E-24
#R 85 NC DATA NO DATA 6.84E-09 NI DATA NO DATA NO DATA LY €E-2¢
RB Rs NO DATA 5.36C-05 3,09E-05 NO CaTa NO DATA NO DATA 2.186E-06
RE 88 NO DATA 1.52E-07 9.90L-08 NO DATaA NO DATA NO DATA 4.,66E~-09
RE 89 NO DATA 9.335-08 7.85E-08 NO DATA NO DATA ND DATA S.11€-10
SR 89 1.62E-04 ND DaTA 4.66E-06 NO DATA NC DATA $.83C=04 &,52E-05
SR 90 2.7T3E-02 NU DATA 1.74E=-03 NOD DATA NC DATA 3.99£-03 9,28E-05
SP 91 3.28BE~08 NO CaTA 1.264£-09 KO DATA NO DATA 1.44E-05 &,70F-05
SR 92 3.54E-09 NOD DATA 1.42E-10 ND DATA ND DATA 6.49[-06 &.55€E-05
Y %0 1.11E=-C6 ND DATA 2.99E~08 NO DATA NC DATA 7.075f05 T+24E-05
91¢ 1.3TE-10 NC DaATA 4€.,98E-12 KO DATA ND DATA T.00F=-07 4.64E-07
o1 2.47E~04 N8O DATA 6.%59E-06 WNO DATA NOD DATA T10E-06 &.,9TE-05
92 5.50E-09 ND DATA §1.5TE=-10 NO DATA NC DATA 6. 60E-C6 6,46E~05

'o‘m'so




TABLL E-9, CONT'D
PASE 2 OF 3

INHALATIUN DUSE FACTORS FDR CHILD
(¥REM PER PCI INMALED)

" LIVER

NUCLIDE 8UNE T.800Y THYRDID & JDNEY LUNG Gl-tLL1!
Yy " 5.04E-08 WO DATA 1.38E-09  NO DATA NO DATA £+01E-05 1.05E-04
IR 95 5.13F-05 1.13E-05 [1.00E-05 WO DATA 1e81E-0% 6.03F-04 1.65E-05
r 97 5.07TE~08 T.S4FE=09 &.32E-09 NO DATaA 1.05E-08 3,06E-05 9.49E~05
N8B 95 6.35E-06 2.48E-06 1.T7E-06 NO DATA 233E~06 1.66E~04 1,00F-0¢
®0 99 NO DATA  4.066E-05 1.15E-08 ND JATA 1.C6E-0T 3.66E-05 3.42E-05
TC 99+ &.BlE~13 9.41[~13 1.56E-11 ND DATA 1.3TE-11 2.5T7E-CT 1.30E-D¢
TC101 2.19C-16¢ 2.30E-14 2.915-13 NO DATA 3.92E-13 1.5RE-NT &.61F-09
aUL03 Te55E-07 NO DATA | 2.90F-07 NO DATaA 1.70£=06 1.79E-04 1.21E-C5
RU105 4.13E-10 WO DaATA 1.5CE-10 WD DATA 3.03E~10 4,.30[-06 2.6)7E-D5
RU106 3.68E~05 ND DATA «&,57FE-06 NO DATA &.976-0% 3.BT7E-03 1.i6E-04
AGI10~» &4,506E-06 3.08E=06 2.47E-06 N0 DATA 5.T4L-06 1.48F-03 2.71E-05
TEL125M 1.82E-06 6.295-07 2.47E-0T7 $.205-07 NC DATA 1.29€-04¢ 9.13E-06
TEL2TM  6.726-06 2.31E-D6 B.10E-0T7 1.64E-06 1.72i-05 4.00E-04 1.93F-05
TE127 Tobh9E~10 2.5T7E-10C L.65E-10 5.30E-10 1.91E-09 2.T71F-06 1.52E-05
TEL29P S.L19E-C6 1.85E-06 B8.22E-0T7 1.T1E=-06 1.36E-05 & .T76E-04 4.91E-05
T€129 2.64F-11 9.45E-12 6.440-12 1.93E-11 6.94L-11 7.93E-07 6.89E-06
TEL3LIrM 3.63E-CB 1.60E-08 1.,37E-08 2.64E~08 . 1.,0BE~07 S5.56E-05 B.32F=-05
TEL3l 5.87E=12 2.28E~-12 1.7BL-12 4.59t-12 1.59C-11 S.55€E-07 3.60E-07
TE132 1.30E-07 7.36C-08 7.126-08 B8.%BE-08 &.79E-07 1.02E-04 3.72E-05
I 130 2.21E-06 &o.435-06 2.2BE-06 &.99E=04 6.61L-06 NN DATA 1.38E-06
1 131 1.30E~05 1.30F=05 7.37E-D6 4.39E=-N3 2.13t~-05 NO DATS T.686-07
1 132 $5.7T2E-07 1.105-06" 5.07F-07 S5.23E-05 1.,69E-C6 ND DATA 8.65E~07
1 133 4£.48(-06 5.497-06 2.08E-06 1.04L-N73 9.13E-06 ND DATA 1.48E~06
I 134 3.17E-07 S5.845=07 2.69E~-07 1.3TE-D05 B8.92E-N7 NO DATA 2.58E-07
1 135 133E-06 2.36E~06 1.12E-06 2.147-04 D.62E-06 ND DATA 1.20€E-06
CS13e 1.76E~04 2.7T4[-0& 6.07E-05 WD DATA 8.93E~-05 3.2T7E-05 1.04E-06
CS136 1.76E~05 &.062E~05 J.14E-05 NO DATA 2.58E-25 3I.93E-C6 1.13L-06
CS137 2.45E-04 2.23%-06 3.4TE-05 NO DATA  T7.63C-05 2.8l1E-05 9,7BE-07
CsS138 1.TIE-OT7 2.,27E-07 1.50E-07 NO DATA 1.68E=-0T7 1.864E~00 T.29F-08
BALI9 4.98E-30 2.66F-13 1.45E-11 NOD DATA 2.33E=13 1.56E-06

1.56E-05

1.10%-51



TABLE E-9, CONT*D

PAGE 3 OF 3

INHALAYION DOSE FACTORS FOR CHILD

(MREM PER PCI INHALED)

' .'09-52

NUCLIDE BUNE LIVER T.800Y THYROID KIDNEY LUNG Gl-LL!t
8Al60 2.00E=-05 1.75€E~-08 1.17€E-06 NO DATA S.TLE-D9 &.TIE~04 2.T75E-0S
BAl4)l  5.29E~11 2.95E-14 1.T2F-12 NO DATA 2.56E-14 T.89E=-0T7 T.44E-08
eal42 1e356~11 .T3L=15 T.5E-13 NO CATA TeBTE=15 & .&4E-0T7 T.41F-10
LAl&0 L.T4E~-07 6.08E-08 2.04E-08 ND DATA ND DATA  4,.94FE-05 6.10E-05
LAL&2 3.50E=10 1.11E=10 3.49E-11 NO DATA NO DATA  2,35E-06 2.05E-05
CElsl 1.06E-05 5.28E-06 7T.,83E~D7 NO DATA 2.31E-06 1.47E-04 1.53E-05
CEls2 9.89E~08 5.37E-08 7.77E-09 NO DATA 2.26E-08 3.12E-05 3.64E-05
CEles 1.02£=-03 $5.72c-04 9.77E-05 WO DATA 3.1Te-04¢ 3.23E-03 1.05€-04
PR1G3 4.99E-06 1.50E-06 2.4TE-0T7 NO DATA 8.11&~07 L.17E~04 2.63E-05
PR144 1.61E~11 4.99£-12 B8.10E~13 NO DATA 2.64E~12 &.23E-NT 5,.32E-08
N0147 292606 2.36E~06 1.84F=-0T7 ND DATA 1.30E-06 G6.87E-05 2,22F~05
W 187 &.41E-09 2.6lE-09 1.17F=-09 NO DATA NC DATA 2.11E=-05 2.66E-05
. NP239 1.26E-07 9,045=-09 6.35E-09 WD DATA -2.63E-08B 1.57E-95 1.73E-D5




TABLE E~10
PAGE L GF 3

INHALATION DOSE FACTORS FOR INFANT
IRREM PER PCI INMALED)

~MUCL EBBennMONE - L IVER - <W.BOCE_  THYROID

KIDNEY LUNG Gl~LLI
H 3  ND DATA  &.62E-07 4.62E=07 4,626~07 4.62E-07 €.62E-07 &.62E-07
C 14 TeBFE=DS DB 79E-06 I T9E~06 I .T9E-D6 I .T9E-06 3I.T9E-06 3I.T9E-06
NA 24 TeS4E=06 T.S54E=06 T.54E~06 T.54E=006 T.%4E-06 T.S4E-06 7T.54E-06
P 32 1.45E-03 O.03E=-05 5,.53E-05 NO DATA NO DATA NO DATA 1.15€-05
cr 51 NO DATA  NO DATA  6.3%E-08 4. 11E~08 O9,45E-09 9.17E-06 2,.55€-07
#MN 54 NO DATA 1.81E-05 3.56E-06 ND DATA 3.56E-06 T.l4E-04 S5.04E-06
MK 56 NO DATA 1.10E-09 1,58E-10 NO DATA T.86E-10 8.95€E-06 5.12E-05
FE 55 1.41E-05 B.39E-06 2.3BE-06 ND DATA NO DATA 6.21E-05 T.82E-07
FE 59 9.69E-06 1.68E-05 6.77E-06 %O DATA N0 DATA Te25€-04 1.77€~-05
CD 58 NU DATA. 8.71E-07 1.30E-06 NO DaTa %0 DATA $.55€=-04 T.95F-06
CO &0 NO DATA S.TIE-06 B.41E-06 NO DATA NO DATA 3.22E-03 2.28E-05
NI 63 2.42E-04 1.46E-05 8.29E~06 NO DATA - ND DATA 1.49E-04 1.73E-06
Nl 65 1.7T1E-09 2.03C-10 B.79E-11 N0 DATA v NC DATA $.80E-06 3.58E-05
CU 64 NO DATA 1.34E-09 S.53E-10 NO DATA 2.84E~D09 6.64E~06 1.07E-05
IN 65 1.38E~05 &.47E-05 2.22€-05 WNOD DATA 2.32E=05 &.62E-04 3.67E-05
IN 69 3.85€~11 6.91E-11 S,13E-12 NO DATA 2+8TE~11 1.05E-06 9.44E-06
BR 83 NO DATA ND DATA 2.T2E-0T NO DATA NO DATA NO DATA LY E-24
&R 84 NO DATA NO DATA 2.86E-0T7 NO DATA NOC DATA ND DATA LY E-2¢
B8R 85 KO DATA NO DATA 1.46E-08 NO DATA NO DATA NO DATA LY E-2¢4
RB 86 NO DATA 2.36E-04c 6,30E-05 HNO DATA NO DATA NO DATA 2.1F€E-06
/D 88 ND DATA 3.98€~07 2.05E~07 NO DATA NO DATA NO DATA | 2.42E-07
/e 89 NO DATA 2.29E=0T7 1.47E~07 NO DATA NO DATA ND DATA 4.07€E-08
SR 89 2.84E-04 WO DATA 8.15C-06 NO DATA ND DATA 1.45€E-03 &.57€-05
SR 90 2.92E-02 NOU DATA 1.05E-03 NO DATA ND DATA 8.03E-03 9.36E-05
SR 91 6.83E-08 NO DATA 2,4TE-09 WO DATA NO DATA 3.T6E~D5 5.24E-05
SR 92 7.50E=09 NO DATA 2,79E=10 NO DATA  NO DATA 1.70E-05 1.00E-04
Y 90 2+35E=06 WO DATA  6.30E~08 N0 DATA NO DATA 1.92E-04 T.43E-05
Y 9lr 2.91E-10 NO DATA  9.90E-12 NO DATA. NO DATA 1.99E-06 1.68E-068
Y 91 4.20E-064 NO DATA 1.12E-05 NO DATA N0 DATA 3,.75E-03 5.02€-05
Y ®2 1.17E-08 MO DATA 3.29E-10 WNO DATA NOD DATA  L,T5E-~05 9.04E-05

‘-‘m-53




TABLL E-10, CONT®D

PASE 2 OF 3
INHALAYION DCSE FACTORS FOR [INFANT

(®REM PER PCI INHALED)

NUCLILE BONE LIVER T.BODY . THYROID KIDNEY LUNG GI-LL!

Yy o3 1.07€=07 NOD DATA 2.91E-09 NOD DATA ' ND DATA $5.66E-05 1.19E-04
IR 95 8.24E-0%5 1.99E~05 1.45E-05 NO DATA 2.228-05 1.25E-03 1.5%5E-05
IR 97 1.07E-07 1.83E-08 8.36E~09 NU DATA 1.856~-08 7,.88E~-05 1.00E~04
N8 95 1.12E-05 &.59E~06 2.T0E-06 NO DATA 3.37€-06 3.42E-04 9.05E-06
"0 99 NO DATA 1.18c-07 2.31E-08 NO DATA 1.89E~07 9.63E-05 3.4BE-05
TC 99 9.98E-13 2.00E-12 2.66E-11 NO DATA 2.22E-11 S.T9E-07 1.45E~06
TC101 4.656~14 S.98E-1é S5,B0E-13 NO DATA €.99E~13 &.1TE-D7 6.03E~-07
/U103 1.44E-06 NO DATA 4.85E-07 NO DATA 3.03E=06 3.94E-04 1.15£-05
AU105 8.74E~10 NO DATA 2.93E-10 NO DATA 6.62E-10 1.12E-05 3.46E-05
/U106 6.20E-05 NO DATA 7.T7€-06 NO DATA Te61E-05 B8,26E-03 1.17€E-D4
AGL10% T,13E-06 S.16E-06 3.57E-06 NO DATA T.80E-06 2.62E-03 2.36E-05
TE125M 3.40E-06 1.42E-06 &.T70E~0T7 1.16E-06 NO DATA 3.19E-04 9.22E-06
TEL27T#  1.19E-05 4.635’06 ‘1e4BE=D6 3.4BE-06 2.68E-D5 9.37E-06 1.95E-05
TE127 1.59E-09 6.81E-10 3.4%=10 [1.32E~09 I, 67E-09 T.39E~06 1.T4E-05
TELI29Y 1.0lE-05 &.35E-06 1.59E-~D6 I.91E~086 2.27E-05 2.20E-03 4.93E-05
TE129 $.63E=11 2.6BE~11 J.34F~-11 &.82E-11 1.25 =10 2.14E-06 1.8BE-05
VEL3IM T.62E-08 3.93£-08 2.59E-08 6.38E-08 1.89E-07 1.42E-04 B8.51E-05
TEL31 1o264E~11 S.87E~12 3.57E-12 1.13E-11 2.85E=11 1.47E-06 35.87E-06
TE132 2066E-07 1,69E-07 13,26E=0T7 1.99E-07 7T.39E~07 2.4IE-04 3I.15E-05
1 130 4,54E=-06 9.91E~06 3,98E~06 1.14E-03 1,99E~-05 N0 DATA 1.62E-06
113 2.TLIE=D5 3.17E=05 1.40E-05 1.06E-02 3.70£-05 &D DATA Te56E-07
1 132 1.21E-06 2.53E-06 B8.99E~07 1.21E~04 2.Mm2E-06 NO DATA 1.36E-06
113 Q.46E-06 1.37E-05 &,00E-06 2.54E-03 1.60E-05 NO DATA 1.54E~-06
1 13 Ge5BE=-07 L1.34E-06 &,T5E~07 3.18E-05 1.49E~06 NO DATA ©,21E-07
3 135 2:76C=06 S5.63E-06 L1,9%€-06 &.9TE-04& 6.05E~06 NO DATA 1.31E=-06
€S134 2.83E-064 5,02E-064 5,32E-05 NO DATA 1.36E~-04 S5.69E-05 9.53E-07
£s136 3.45E-05 9.61E-05 3I.T78E-05 NO DATA 4.03E-05 B8.40E-N6 1.02E-06
CcS137 3.926~04 &,.37F=04 3.25E-05 NO DATA 1.23E-04 5.,096-05 9.53€-07
cs138 3.61E=DT7 5.98[~-07 2,.84E-D7 NO DATA 2.93E~07 &.67E-08 6.26F-07
8A139 §.06E=09 7.03E-13 3.07E-11 NO DATA &4,23E-13 &.25E-06 3.64F-05

© —
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WUCL 1 DE

YABLE €-19, CONY'D

PAGE 3 DOF 3

INHALATVION DDSE FACTORS FOR INFANT

(MREM PER PCI [NMALED)

. BONE LiveR T.800Y THYROID KIDNEY LUNG Gl-LL?
BAL40 4,00E-05 4.00f-08 2.0TE-06 NOD DATA 9.59E-09 1.14E=-N3 2,.74E-05
tAlsl 3.%28=10 T.700=14 3,.55E~12 NO DATA 4.64E-14 2.12E-06 3.39F-06
nalse2 2.86E-11 2.36%-14 1.40E-12 NO DATA 2.36E-14 1.11E-06 &.95E-07
LAL14D 3.61€-07 1.43:t-07 3.68E-08 WO DATA - ND DATA 1.265-06 6.06E-05
LALS2 Te36E-10 2.69E-10 6.66E-11 ND DATA NO DATA 5.87F~06 4.25E-05
CElal 1.98E-0> 1.19E-05 1.42E-06 NO DATA 3.T5t-06 3.09E=04& 1.54E~05
CEled 2.99E-07 1.%8E=-0T7 1.54E-08 NO DATA 4.03E-08 0.3CE-05 3,.55E-05
CElas 2.28E-03 B8.05E-04 1,26E-04 NO DATA 3.84E-06 7T.03€E-N3 1.96E-04
PRI 1.00E-05 3.74E-06 4.97E-07 NO DATA 1.41E=06 3.09-04 2.66E-05
PR144 3.62E~11 1.32E-11 1.72E-12 NO DATA ée.OE-!Z 1.15F-06 3.06E-06
NDla7 5.67E-06 5.81F-06 3I.57E~07 NO DATA 2.25E=06 2.,30E-04 2.23E-05
w 187 9.26E-09 6.44E-09 2.23E-09 NO DATA ND DATA 283E-D3 2.54E-05
NP239 2.65E-07 2.37E-08 1.3E-08 NO DATA &.T3t~-08 4,25E-05 §.T8E-0S



NUCLILE

TABLE E-11
PaAGE | OF 3
INGESTION DUSE FACTORS FOR ADULTS

(¥REM PER PCI INGESTED)

BONE LIVER T.800Y THYRDID  KIDNEY LUNG Gl-tL!]

" 3 NO DATA 1.05€-07 1.09E-07 1.05E=-07 1.056-07 1.05€-07 1.05E-07
C 16 2.84E-06 S.68E-07 S5.6B8E-0T7 S.68E-NT S5.68E~07 5.60F-07 S5,.63E-07
NA 24 1.7T0E=06 1.T70E=06 1.70E-06 1.70E~06 1.T70E-06 12.TOE~06 1.70E-0D6
R 1.93E-04¢ 1.20E=-05 7.46E-06 NO QATA NO DATA WO Dava 2.17E-05
tr 52 NO DATA  ND CATA 2.66E=-09 1.59E-09 5.86E~10 I S53E-09 6.69E-07
BN 56 80 DATA  4.5T7E-06 B8.72E-07 NO DATA 1.36E=06 NOD DATA 1.40E-05
NN 36 N0 DATA 1.15C6=07 2.04E-08 NO DATA 1.46E-07 NO DATA 3.67E-06
FE 55 2.75€E=06 . 1.90F=06 «4.43E-07 NO DATA NO DATA 1.06E~06 1.09E-06
FE 39 Q.34E-06 1.02E-05 3I.91E-06 NO DATA KO DATA  2.85E~06 3.40E-05
€O 38 NO DATA  T7.45t€=-07 L.6TE-06 NO DATA NO DATA NO DATA 1.51E-05
€O 60 NO DATA 2.14F-06 &.T20-06 NO DATA  NOC DATA NO DATA  4.02E-05
Nl 83 1.J0E-C4 9,01E~06 &.36E-06 NO ODATA NO DATA NO DATA 1.88E~-06
N1 65 5.28€6-07 6.86E-08 3.13£-08 NO DATA NO DATA NO DATA L.T4E-06
Cu o4 NO DATA 8.33E-08 3.91E-08 NO DATA 2.10E-07 NO DATA T<10E-06
IN &5 4.84E=06 1.54E-05 ©.96E-06 NO DATA 1.03E-05 NO DATA $.TOE-06
IN 69 1.03E~08 1.37E-08 1.3T7E-09 NO DATA 1.28E-08 NO DATA  2.96E-09
B8R 83 NO DATA  NO DATA 4.02E-08 NO DATA NO DATA NO DATA 5.7T9E-08
B8R B84 NO DATA NO DATA -8.21E-08 NO DATA NO DATA ND DATA 4.09E-13
8R 85 NO DATA NO DATA 2.14E=09 NO DATA °~ NO DATA NO DATA LT E-24

R8 86 NC DATA 2.11E-05 9,.83E-06 ND DATA NO DATA NO DATA  4.16E-06
RS 88 NO OATA 6.05E-08 3.21E-08 ND DATA NO DATA NO DATA 8.36E-19
RS 89 NO DATA 4,01E-03 2.82E-08 NO DATA NO DATA NO DATA 2.33E-21
SR 89 3.08E-04 NO DATA 8.864E-06 NO DATA ND DATA  NO DATA  4.94E-05
SR 90 T.58E-03 ND DATA 1.86E-03 NO DATA NC DATA ND DATA 2.19E-04
SR 91 $S.67E-06 NO DATA 2.29E-9T7 NO DATA NO DATYA NO DATA 2.T0E-05
SR 92 2.15E-06 NO DATA 9.30E-08 ND DATA ND DATA NO DATA 4.26E-05
Y ®0 9.62E-09 NO DATA  2.58E-10 NO DATA NO DATA NO DATA 1.02E-04
Y Olm 9,09E-11 NO DATA 3.52E-12 NO DATA NO DATA NO DATA 2.6TE-10
y ol 1.41E-07 NO DATA 3.T7E~09 NO DATA NO DATA NO DATA T T6E-05
Yy e 8.45E-10 NO DATA 2.4TE-11 NO DATA NO DATA NO DATA 1.48E-~05




TABLE E-11, CONT*D

PAGE 2 OF 3

INGESTION DOSE FACTORS FOR ADULTS

(MREM PER PCI INGESTED)

MUCL IDE BONE LIVER ¥.800v THYRDID  KIDNEY LUNG GI-Lt!

Y 9 2.48E-C9 NO DATA T.40E-11 NO DATA NO DATA  NO DATA 8.50€-05
IR 95 3.064E-08 9.75E~-09 6.60E-0° NO DATA 1.53E-08 NO DATA  3,09E-05
IR 97 1.6BE-09 3.39E=10 1.55E-10 NO DATA S5.12E~10 RO DATA 1.05E-04
N8 95 6.22E-09 3.46E-09 1.86E-09 NO DATA  3.42€-09 NO DATA  2,1b0E-05
MO0 99 ND DATA  4.31E-06 B8.20E~OT7 NO DATA  9,76E-~06 NO DATA  9.99E-06
TC 99M  2.,47E-10 6.98E-10 8.89E-09 ND DATA 1,06E~08 3.42E-10 4.13E-07
TC102 2.54E=-10 3.66E-10 JI.59E-09 NO DATA  6.59E-09 1.87E-10 1.10E-21]
/U103 L1.85E-07 NO DATA 7.27E-08 NO DATA T.06E-07 NO DATA 2.16E-05
RUIO5 . 1.564E~08 NU DATA  6.08E-09 NO DATA 2.99E-0T7 NO DATA  9.42E-06
RU106 2.T5E-06 NO DATA 3.4BE-O0T7 NO DATA S5.31E-06 KO DATA 1.78E-04
AGIIOM 2.60E-07 1.48E-0T7 B.79E-08 NO DATA 2.91E-07 ND DATA  6.04E-05
TEL125M 2.68E-06 9.T1E-07 3.59E-0T7 8.06€-07 1.09E-DS NO DATA 1.07€-05
TEL2TM &.TTE=-06 2.42E-06 B8.25E-0T7 1.73E~06 2.7SE-05 NOD OATA 2.27E-05
TEL27 1.10€-07 3,.95E-08 2,38E-08 B8.15E-08 &.4BE-O7 ND DATA  B.6BE-06
TELI29M 1.15E-05 4.29E-06 1.M2E-06 3.95E-06 &.B0E-05 NO DATA 5.79€-05
TE129 JIAE-08 1.1BE-08 7,65E-09 2.41E-08 1.32E~-07 NO DATA  2.3T7E-08
TEL3IIN  1.73E-06 B.46-07 7T.05E-07 1.,34E-06 8.57E-06 ND DATA @.40E=~05
TE131 1.97E-08 B8.23E-09 §.22E-09 1.62E-08 8.63E-08 NO DATA  2.79E-09
TEL2 2.52E-06 1.63E-06 1.536~06 1.80E-06 1.5TE-05S MO DATA 1.115-35
1 130 ToS6E=~0T7 2.23E~06 B,80E-0T7 1.89€E-04 3.48E-06 NO DATA 1.92€-06
1131 4.16E-06 S5.95E-06 3.41E-06 1.95E-03 1.02E-05 NO DATA 2.57E-D6
1 132 2.03£-07 S5.43E-07 1.90E-07 1.90E-05 8.65£-07 NO DATA 1.02€-07
1 133 R.42E=06 2.4TE-06 7T.53E-0T7 3.63E-04 &.31E-06 NO DATA 2.22€-06
1 13 1.06E-07 2.,88£-07 1.03E-07 4&,99E-06 &.58E-OT7 NO DATA 2,.51E-10
1 135  4,43E-07 1.16E-06 4.28E-07 7.65E-05 1.86E-06 NO DATA 1.31€-06
CS13¢ 6.22E-05 1,48E-04 1,21E-04 NO DATA  4.T9E-05 1.3%9E-05 2.59E-06
€s13é6 6.51E-06 2.57€-05 1.85E-0%5 NO DATA 1.43E-05 1.96E-06 2.92E-06
€S1137 T97E-05 1,09E-04 T.i4E-05 NO DATA  3.TOE-05 1.23E-05 2.11E-06
cSl3e $.52E-08 1.C9E~-07 S5.60E-08 NO DATA 8.01E-08 7.91E-09 4.65E-13
84139 9.T70E-08 6.91E-11 2.84E-09 NO DATA  6.46E-11 3.92E-11 1.72E-07

1.109-57



VABLF E-11, CONT'D

PASE 3 OF 3

INGESTION DOSE FACTORS FOR ADULTS

(WREM PLR PC1 INGESTED)

SUCLILE SONE LIVER T.800Y THYROID  KIDNEY LUNG GI-L11

8Al140 2003(=05 2.55£-08 1.33€E-D6 NOD DATA B.6TE=09 1.46E-08 4.18E-05
BAl4] 4.71E-08 3.56C~11 1.59E-09 NO DATA 3.31E-11 2.02E-11 2.22E-17
LT YL Y 2-13E=08 2.19E-11 1.36E-09 NO DaATA 1.856-11 1.24E-l1 3.00E-26
LAY 4O 2:%50L-09 1.26:-09 4.,33C~10 WO DATA NG DATA NO DATA  9,25E-05
LALl&2 1.28E-10 $.825~11 1.45E-11 NO DATA NC DATA NO DATA  4,25E-07
CEle) 9.36E~09 6.33E-09 7,18E£-10 NO DATA 2.94E-09 ND DATA  2,428-05
CEL4) 1.,65€-09 1.,22F-06 1,35E-10 NO DATA 5.3TE-10 NOD DATA  4.56E-05
CEles 4.ABE-0T7 2.04E-07 2.62£-08 NOD DATA 1.21E=07 NO DATA 1.65E-04
PR143 9.20E-09 3,69:=09 &.56E-10 NO DATA 2.13E-09 NO DATA  &4.03E-05
PR144 3.01E-11 1.25E-11 1.53€-12 NO DATA T.056~-12 NOD DATA 4.33E~-18
ND167 6.29E-09 T.27€-09 4.35E-10 WNO DATA 4.25E-09 NO DATA 3.49E-05
W 187 1.03E-07 B.61E-08 3.01E-08 NO DaATaA NO DATA ND DATA  2.82E-05
NP239 1.19E-09 1.17L~10 6.45E-11 ND DATA 3.65E~10 NO DATA  2.40E-05
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TABLE

€-12

PAGE ) OF 3

INGESTION DDSE FACTORS FDR TEENASER

(MREM PER PCI LINGESTED)

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

@ 3 ND DATA  1.08E-07 1,006-07 1.06E-07 1.06E=07 1.06E-07 1.06E-07
C 16 &, 06E-06 B.126-07 6.12E~07 8.126-07 8.12-07 8.12E-07 B8.12F-07
NA 24  2.30E~06 2.20E-06 2.30E-D6 2.30E-06 2.30t-06 2.306-06 2.30F-06
¥ 32  2.T76E-0& 1.71C-05 1.,07E-D5 NO-DATA NO DATA NO DATA  2,32E-05
CR 51 MU DATA  NO DATA  3.60E-09 2.00E-09 7T.B9E-10 S5.14E-09 6.05£-07
#N S¢ ND DATA  5.90£=06 1.1TE-06 N0 DATA 1.76E-06 NO DATA 1.21E-05
MN 56 NO DATA  1.58[-07 2,BIE-08 NO DATA  2,00E-07 NO DATA  1.04E-05
$E 55 3.TBE-06 2.0BF-06 6.256-07 ND DATA WO DATA  1.70E-06 1.16E-06
FE 59 S.87E-006 2.27E-05 5,29E-06 NO DATA NO DATA  4.32F-06 3.24E-05
CO SB  ND DATA  9.72E-07 2,24E-06 WNO DATA NO DATA ND DATA  1.34E-05
CU 60 NO DATA  2.E1E-06 6.33E-06 NO DATA MO DATA ~WND DATA  -3.66E-05
Nl 63 1.TTE~04 1.25(-05 ©.00E-06 ND DATA NC DATA NO DATA  1.99€-06
NI 65 T.49E-07 ©9.57¢-08 &.36E-08 WNO DATA NO DATA NO DATA  S5.19E-06
CU 64 MO DATA  1.15E-07 S.41E-D8 NU DATA 2.91E-07 ND DATA  8.92E-06
N 65 S,T6E-06 2.COE=C5 9.33E-06 ND DATA 1.28E-N5 ™D DATA B8.4TE-06
IN 69  1.4TE-08 2.606-08 1.96E-09 N0 DATA §.R3E-08B NO DATA S.16E-08
BR 83 . NO DATA NOD DATA 5.74E-08 WNO DATA NO DATA  ND DATA LY E-24

BR 84 ND DATA ND CATA  7.22E-08 WO DATA  NO DATA WO DATA LT E-2¢

bR 85 NO DATA NO DATA 3.05E-09 NO DATA NO DATA WD DATA LT E-24

RE 86 NN DATA, 2.98E-05 1.42E-05 NO DATA NO DATA NO CATA  &.41E-06
RS B8 NO DATA B8.52E-08 &.54E-08 NO DATA NO DATA ND DATA  T7.30£-15
B B9 NO DATA S5.50E-08 3.89E~08 NO DATA ND DATA  NO DATA  B.43E-17
SR 89 &.60E-04 NWNO DATA 1,26E-05 KO DATA NO DATA NO DATA  5,.24E-05
SR 90 8.30E-03 ND DATA 2.05E-03 WO DATA  NO DATA  NO DATA  2.33E-04
SR 71 B.O0TE-06 NO DATA 3.21E-0T ND DATA NO DATA  ND DATA  3.66E-0S
SR 92 3.056-06 WNO DATA 1.30E-O7 WND DATA NO DATA  ND DATA  T.77E-05
Y 90 1.37E-08 NO DATA  3,67E-10 ND DATA  NO DATA N0 DATA  1.13E-04
Y O1% 1.29E-10 ND DATA &,.93E-12 NO DATA NC DATA ND DATA  6.09E-09
Y 91 2.01E-07 NWNO DATA 5.39E-09 NO DATA WD DAVA NO DATA §.24E-05
Y 92 1.21E-09 NO DATA 3.5CGE-11 NO DATA NO DATA ND DATA  3.32E-05

‘.‘m-s9
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TASLE E-12, CONT*D

PASE 2 OF 3
INGESTION DDSE FACTORS FOR TEENAGER

(MRENM PFR PCI INGESTED)

GI-LLI

NUCLIDE BONE LIVER T.800v THYROID RIDNEY LUNG

Yy 93 3.83E-09 NO DATa 1.05E=10 NO DATA #ND DATA NO DATA 3.17€E-04
IR 95  4.12€-08 1.300~08 B,94E-09 NO DATA 1.91€-08 KO DATA 3.00€-05
R 97 2.3TE-09 4.69E-10 2,16E-10 &ND DATA To11E~10 NO DATA 1.27€-04
HB 95 0.22E-09 4.563~09 2,51E-09 ND DATA  &.42E-09 NO DATA 1.95€-05
%0 99 NO DATA  6.02E-06 1,156-06 NO DATA $.38E-05 NOD DATA 1.08E-05
TC 99M  3.32E~10 9,265-10 1.20E~08 NO DATA 1.38E~08 5.14E~10 6.08E-07
TC101 3.60E-10 5.12t-10 S.03E-09 ND DATA 9.26E-09 3.12E-10 8.75E-17
RU103 2.55E-07 KO DATA 1.09E-07 WO DATA 8.99E-0T7 NO DATA 2.13E-05
RU105 2.18E-08 NO UATA 8.46E=-09 NO DATA  2.T7SE-07 NN DATA 1.T6£-05
RUL06 3.92E-06 NO DATA  4.94E-07 ~0 DATA T.56E=06 ND DATA 1.88E-0¢
AG110M- 2.0SE-07 1.94E-07 1.18E~0T7 NO DATA 3,.70E-07 NO DATA $.45E-05
TEL25M 3.83E-06 1.38£~06 5.12E-0T7 1.07E-06 NO DATA  NO DATA 1.13E-05
TE12TM Q.67E-06 3.43E-06 1.15E-06 2.30E-06 3,.92E-05 NO DATA 2.41€E-05
VE127 1.58E-07 5.60E~08 3.40E-08 1.09E-07. 6.40E~0T NOD DATA 1.22€~05
TEL29M 1.63E-05 6.05E-06 2.50E-06 5.26E-06 6.82E~-05 ND DATA  $.12£-05
TELI29  4.48E-08 1,67E-08 1,07E-08 3.20E~08 1.88E~-07 NO DATA 2.45F-07
TEL3IM 2.44E-06 1.17€-06 9.76E-0T7 1.76E-06 1.22E-05 NO DATA  9.39E-05
TEL31 2.79E-08 1.156-08 Q0.72E-D9 2.15E-08 1.,22E-07 NO DATA 2.29C-09
JEl132 3.49E-06 2.21F-06 2.08E-06 2.33E-06 2.12E-05 NO DATA 7.00E-05
1 1% 1.03E=06 2.98E~06 1.19E-06 2.43E-04 &,59E~06 NO DATA 2,.29E-06
1131 $5.85E~06 B8.19C-06 &.40E-06 2.39E-D03 1.41E-05 NO DATA 1.62E-06
1 122 2.T9E~07 T.30E=-0T7 2.62E-0T7 2.46E-05 1.15€-06 NO DATA 3.18E-07
1133 2:01E=~06 3,41t~06 1.,04E-06 &.T6E-04 S.98E-06 NO DATA 2.58E-06
1 134 1.46E~07 3,87E=07 1.,39E~07 H.45E-06 &.10E~07 NO DATA 5.10E-~09
1 135 6.10E~07 1.STE-06 5.82E-07 1.01E-04 2.48E-06 NO DATA 1 .T4E=-06
CSl134 8.37E-05 1.97€~04 9,16E-05 NO DATA  6.26E-05 2.39E-05 2.43E-06
CS13e 8.59E=06 3.38E=-05 2.27E~05 NO DATA 1.84E-0%5 2.90E-06 2.72E-06
€S137 1.126~-04 I.QQE'GQ $.19E-05 N0 DATA $.,07E-05 Q1.97E-05 2.12E-06
2% 1] TeT6E~08 1.,49E=07 T.45E-08 NO DATA 1.10€-07 1.28E-08 6.76E-11
BA139  1.39E-07 9.78E-11 &.05E-09 NO DATA 9,22E~11 6.T4E-11 1.24E-06
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TABLE €-12, CONT'D
PASE 3 OF 3

INGESTION DOSE FACTORS FOR TEENAGER
(MREM PER PCI INGESTED)

NUCLILC ~ BONE LIVER T.800Y THYROID  KIDNEY LUNG GI-LL1

BA140 2.84E=05 3.48E-08 1.83E-06 NO DATA 1.18E=08 2.34E-D8 4.38E-05
fAls) 6. TIE~08 S.01E-11 2,24E-09 NO TATA  &.65E~11 3.43E~-11 1.63E-13
BAl62 2.99E~-08 2.99E-11 1.84E-09 NO DATA  2.53t-11 1.99E-i1 S.18E-20
LALSD 3.48E-09 1.T1C-09 &.556-10 WO .DATA NC DATA WO DATA  9,.82E-(5
LAle2 1.79E-10 7.95E-11 [1.98E-11 NO DATA NO DAYA  NO DATA  2.42E~(5
celel 1.33E-08 0.88E-09 1,02E-09 NO DATA  &4.18E-09 NO DATA 2.54E~C

CElal 2.35E-09 1.T1E~06 1.91E-10 NO DATA T.67E~-10 NO DATA S.14E-05
CEles 6.96E-0T7 2.88E-07 3.T4E-08 NO DATA 1.T2E-07 NO DATA 1. T5E-04
PR16) L.31E-08 $.23[-09 6.52E-10 NO'DATA 3.N4E-09 NOD DATA 4.31€-0.

PR144 &.30E~11 1.762-11 2.18E-12 NO DATA 1.01E-11 NO DATA Qe T4E-14

e—. — NOD147 9.38E-09 1.02E-08 6.11E-10 NO DATA $5.99E-09 NN DATA 3.68E-05
W 187 . 1.46E-07 1.19E-07 4.17E-08 NO DATA NO DATA  NO DATA 3,22€-05
Y AN 'ff;/j.{.';fj_{f_%-- cmnw

NP239 - 1.T76E-09 ‘1.665-10 9.22E-11 NO DATA S5.21E~10 ND DATA  2.6TE-05

i
\
\
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TaBLE €E-13
PAGE 1 OF 3

INGESTION DOSE FACTORS FOR CHILD
{MREM PER BCI INGESTED)

NUCLIVE BONF LIVER - T,H0VDY THYRDID KIDNEY LUNG GI-LLT

H 3 NO DATA  2,03E-07 2.03E~0T7 2.03E~-07 2.N3&-07 2.03£-07 2.03E-07
C 1é 1e21E-05 2.42E-06 2.42E-D6 2.42E-06 2.42E-06 2.42E-06 2.42E~08
NA 24 9.80E-06 5.80E-06 5.80E-06 5.80t-06 5.80E-0N6 5.806~06 S.80E-06

P 32 8.25E-04 3.B86T-05 3.1BE~05 <~NO DATA N0 DATA NO DATA 2.28E-05
CR 51 NO DATA  NO LATA 8.90E-09 4&.94E-09 1.35E-09 9.02t-C9 &,72E-07
"N 54 NO DATA 1.97€=-05 2.85E-06 NO DATA 3.00C-06 NO DATA 8.98E~-06

#HN S6 NO DATA 3.364E-07 7.54E-08 ND DATA 4.C4E-0T7 NO DATA 4.B4E-05
FE 55 1.15E-05 6.10E-06 1.89E=06 NO DATA NC DATA 3.45E-06 1.13E-06
FE 59 1.69E-05 2.67E~05 1.33E-D5 NOD DATA NO DATA T T6E-06  2.T78BE-05

€0 S8 ND DATA 1.80E-086 5.51€~06 NO DATA NC DATA NO DATA 1.05€E-05
€0 60 NO DATA $.29F=06 L[.56E-05 NO DATA NDO DaTA ND DATA 2.93E-05
Nl 63 $.38E-C4 2.88E-05 1.83E-N5 NO DATA NO DATA NO DATA 1.94L-06

N1 65 2.22E-06 2.09F=07 1.22E-07 ND DATA NO DATA NO DATA 2.56E-05
CU 64 NO DATA 2.45E-0T7 1.46E-07 NO DATA $.92E-07 NOD DATA 1.156-05
IN 65 1.3T7E=05 3.05E-0> 2.27E-05 NO. DATA 2.30E-05 NO DATA 6.61E-06
IN 69 4.38E-08 6.33£-08 5.85E-09 NO DATA 3.84E=-08 NO DATA 3.99¢€-06
B8R 83 ND DATA NO DATA 1.7T1€~07 NO DATA ND DATA ND DATA LY E-24
B8R 84 NO DATA  NO DATA 1.98c~07 NO DATA NO DATA ND DATA LT E-2¢

- - - - peccecnaeen

AR 85 NO DATA  ND DATA 9.12E-09 NO DATA NC DATA NO DATA LY E-2¢4

RE 86 NO DATA 6.70£-05 4.32E-05 NO DATA NO DATA NN DATA 4. 31F-06
RB 88 NO DATA 1.906~07 1.32E-0T ND DATA NG DATA NO DATA 9.32r-09
RY 89 NO DATA 1.176=-07 1.04E-0T7 ~NO DATYA ND DATA ND DATA 1.02E-09
SR 89 3.32E-03 NU CATA 3.7TE-05 WO DATA NC DATA NO DATA $.11E-05
SR 90 1.T0€E~02 NO DLATA 4.31E-03 HNO DATA NO DATA NO DATa 2+29E-04

SR 91 2.40E-05 NO DATA 9.06E-0T7 ND DATA NO DATA NO DATA 5.30E-05
SR 92 9.03E~06 NO DATA 3,62E-07 NO DATA NO DATA ND DATA 1.71E-04
Y 90 4.11E-08 NO DATA 1.10E=09 NO DATA NO DATA NO DATA 1.17E-04
Y 91V 3.82E-10 NO DATA 1.397E=11 NO DATA NO DaTa NO DATA To4BE-DT
Y 91 6.02E=-07 NO DATA 1.61F~08 NO DATA NO DATA NO DATA 8.02€-05
v %2 3.60E~09 NO DATA 1.03E-10 NO DATA NO DATA NO DATA 1.04E-D4
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TABLE E-13, CONT*D

PAGE 2 OF 3
EINGESTION DODSE FACTORS FOR CHILD

(MREM PER PC! INCESTED)

NUCLIDE OONE LIVER T.000Y THYROID  KIDNEY LUNG GI-LL!

Yy @3 1.14C-08 NO DATA  3.i3E=10 &0 DATA NO DATA  NO DATA 1.TO€E-04
IR 95 1.16E~07 2,55E-08 2.27E-08 NO DATA 3,656~08 WO DATA  2.66E-05
ZR 97 €.99E-09 L1.01E-09 5,.96E-10 ND DATA 1.45E-09 N0 DATA 1.53E~-04
NB 95 2.25E-08 0.T6E~09 6.26E-09 ND DATA 0.,23E-09 NO DATA 1.62€E~-05
#0 69 NO DATA 1433£-05 3.,29E-06 NO DATA - 2.84E~05 NO DATA 3.10€E-05
TC 9™ 9,23E-10 1.81E-09 3.00E=-08 NO DATA  2.63E-08 9.19E-10 1.03E-06
€101 1.0TE=09 1,12£-09 1.42E~-D8 N0 DATA 1.91E-08 S$.92E~10 3.56E-09
RUI03 Tc31E=07 NDO DATA  2.81E=-0T7 NOD DATA ~ 1.84E-06 NO DATA 1.89E-05
nu10s 6.45E-08 NO DATA  2,34E=08 MO DATA $5.6TE-0T NOD DATA  4.21E-05
RUL06 1.17€-05 NO DATA 1.46E-06 NO DATA 1.98E-05 NO DATA 1.82E-04
AGLIOM S5.39E-07 3.,640-07 2.91E-0T7 NO DATA  6.TBE-O7 NO DATA  4.33E-05
TE125M 1.14E-05 3.,09E-06 1.52E-D6 3.20E-~06 NO DATA NO DATA 1.10F=05
TEL2TH 2.89E-05 7T.78E-06 3.43E-06 6.91E-06 E,24E-05 ND DATA 2.34E-05
TE127 4.T1E-07 1.27F=07 1.01E-D7 3,26E-0T7 1.34E~06 N0 DATA 1.84E-05
TEL129% &4.BTE-05 1.36E~05 7T.50E-06 1.5TE-N5 1.43E-04 NN DATA  5.94E-05
TE£129 134E-07 3,74E-08 3,18E-~08 9.56€-08 3.92E-0T NO DAVA 8.34E-06
TEL3LIM 7T.20E-06 2.49E-06 2.65E-06 5.12E~06 2.41E~05 NO DATA 1.01E~04
TEL31 8.30E-08 2.53E=08 2.47E-08 6.35E-08 2.51E~07 NO DATA  4.36E-07
TE1d2 1.01E=05 &.47E-00 5.40E-06 6.51E~06 &.1SE-05 NO DATA  4,.50E-05
1 130 292E~06 S5.90E-06 3.04E-06 6.50E-04 @.02E~06 NO DATA 2.T6E-06
1 131 1.72E=05 1.73(-05 9.83E-06 S5.72E-03 2.84E~05 NO DATA 1.54E-06
5 132 0.00E=0T7 1.,4TE-06 6.76E-07 6.82E-05 2.25E-06 NN DATA 1.T73E~-D6
113 $.92E-06 T.32E-06 2,TTE-06 1.36E-03 1.22E-05 NO DATA 2.95E-06
1 134 4.19E=-07 7T.TBE~OT 3.58E-07 1.79E-05 1.19E-06 NO DATA S.16E-07
1 135 1.7SE~06 3.15E=06 J.49E-06 2.79E-064 &.,83E-06 ND DATA 2.40E-06
CS13e 2.34E-064 3.B4[-04 B,10E-D5 NO DATA 1.19E~04 4.27E-05 2.07E-06
CSi3é 225E-05 6.,46E-05 &,18E=-05 NO DATA  J.44E-05 S.13E~-06 2.2TE-06
€S137 3.276-06 3.13E-04 &.62E~05 NO DATA 1.02e-04 3.67E-05 1.96E-06
CS138 2.28E=07 3.17€-07 2.01E~07 NO DATA  2.23E-07 2.40E-08 1.46E-07
BA139  4.14E-07 2.21E~10 1.20E-08 WO DATA 1.936-10 1.30E-10 2.39E-05
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TasLT E~13, CONT'D

®ACE 3 OF 3

INGESTIOV DOSE FACTORS FOR CHILD

(MREM PER PCI INGESYED)

NUCLIUE BDONE LIVER Y.200Y THYROLD KIDNEY UNG GI-LL]

PAl40 B8.31E~05 T.28E-08 4.B5E-06 WND DATA 2.37t~08 4.34E~08 4.21E-05
3A14) 2.00E=07 1.125-10 6.51E~09 NO DATA 9.69E=11 G.98E=10 1.14E-07
BAlL2 8.T4E=DB 6.29E-11 4.8B8E~09 ND DATA $.09E-11 3.70C-11 1.14E-09
LAl40 1.01E-08 3.53E-09 1.17E-09 ~NO DATA NC DATA NO DATA Q.84E~05
LAl42 $5.24E-10 1.67E-10 5.23E-11 NO DATA N0 DATA NO DATA 3.31€-05
CElel 3.9TL~08 1.98L~-08 2.94E=-09 NO DATA 8.6BE-09 NO DATA  2.47E-05
CEles 6.990-09 3.79E-06 5.49E-10 ND DATA 1.59E-09 KO DATA 5.55E£-05
CEl4s 2.08E~06 6.,52E~07 1.11E~0T7 NO DATA 3.61E~07 NO DATA 1.70E-04
PR143 3.93£-08 1.180~08 1.95E-09 WD DATA 6.39E-09 NO DATA  4,24E-05
PR1&4 1.29C-10 3.99%E-11 6.49E-12 NO DATA 2+11E-11 NO DATA 8.59E-08
NCl47 2.79E-08 2.26E~08 1.T75E~D9 NO DATA 1.24E-08 NO DaATA 3.58€E-05
W 187 4.29E~0T7 2.54T~07 1.14E-07 NU DATA NO DATA NOC DATA 3.57€-05
NP239 5.25E=09 3.T77€-10 2.65t~10 NO DATA ND DATA 2.T9E-05
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TABLE E-164
PAGE ] OF 3

ENGESTIUN DOSE FACTORS FOR INFANT

{MREM PER PCT INGESTED)

WUCLTDE BONE LIVER T.800Y THYRODID  KIDNEY LUNG GI-LLl

N 3 N0 DATA 3.00E-07 3.08E-0T7 3.08E-07 3.08£~07 3.08E-07 3,08E-07
L e 2.37€~-05 5.,06E~06 5.060-06 5.06E-06 S.06£-06 5.06F-06 S.06C-06
NA 24 1.01E~05 1.0iC-05 1.01£-95 1.0lE-05 1.01E-05 1.01E-0> 1.01£~05
P 3 1.T0E~03 1.00E-04 6.59E~05 ND DATA NO DATA  ND DATA  2.30E-05
CR S1 NO DATA NO DATA 1.41E-08 9.20E-09 2.01€E-09 1.T79E-08 4.11€~07
nN 54 ND DATA 1.99E~05 &.S51E-06 ND DATA Q.01E-06 NO DATA Te31E=06
“N 56 NO DATA 8.18E=07 1.41E-07 QU.DATI T.03E~0T NO DAYTA Ve43IE-05
FE 55 1.39E-05 8.38E-06 2.40E-06 ,NO DATA  NO DATA 4.39E~06 1.14E-06
FE 59 J.08E-05 5.348E-05 2.12E-05 ND DATA NO DATA 1.59€E-05 2.57€-05
CO S8 NO DATA 3.60€E-06 ©S.98E-06 NO DATA ND DATA ND DATA 8.97E~06
€O 60 NO DATA 1.08E-05 2.55E-05 NO DATA NO DATA %0 DATA 2.57E-05
NI 63  6.34E-04 3.92£-05 2.20E-05 ND DATA  NO DATA  ND CATA 1.95E-06
NI 65 &€.TOE=06 5.32E-07 2.42E-0T7 NO DATA ND DATA  NOD DATA 4.05%5E-0CS5
U 64 NO DATA 6.09E-07 2.82E-0T7 NO DATA 1.03E~06 NOD DATA 1.25E-05
ZN 65 1484E-05 6.,31E-05 2.91E-05 ND DATA 3.06E-05 NN DATA  S.33E-QS5
IN 69 9.23€-08 1.68E-07 1.25E-08 ND DATA 6.98E-08 N0 DATA 1.37F-05
#R 83 NO DATA  NO DATA 3.63E-07 KD DATA NO DATA  NO DATA LY E-24

BR 8¢ NO DATA NO DATA 3.82E-07 NO DATA ND DATA NO Dava LY E-24

6R 85 NO DATA  NO DATA 1.94E-08 NOU DaATA NO DATA  NO DATA LY E-24

RA 86 NO DATA 1.70E-04 8.40E-05 NOD DATA NOD DATA ND DATA  4,35€E-06
ke s8 NO DATA  &.98€-07 2.73E-07 ND DATA NO DATA ND DATA  4,.85€6-07
RE 89 NO DATA 2.86E~0T7 1.97€-DT7 NO DATA NO DATA NO DATA  9,74€-08
SR 89 2.51€-03 AG DATA 7.206-05 NO DATA  NO DATA  ND DATA 5.16E-05
SR 90 1.85E=-02 NO DATA 4.T1E=03 NO DATA  NO DATA ND DATA 2.31E=04
SR 91 $.00E-05 NO DATA 1.81E-D6 NO DATA NO DATA  NO DATA $.92E-05
SR 92 1.92E-05 NO DATA T.13E-0T7 NO DATA NO DATA ND DATA 2,07€-04
Y 90 8.69E-08 ND DATA  2,33E-09 NO DATA NO DATA  WND DATA 1.20E-04
¥ 91 8.10E-10 NO DATA 2.76E-11 NO DATA N0 DATA  NO DATA 2.TOE-06
Yy 9l 1.13E-06 NO DATA 3.01E-08 NO DATA NO DAYA  NO DATA 8.10€-05
Y 92 T.65E-09 NO DATA  2.15€-10 NO DATA  NO DATA MO DAYA 1.46E-04
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TABLE E-14, CONT*D

PALE 2 OF 3

INGESTION DDSE FACTORS FOR INFANT

(MREM PER PCI INGESTED)

NUCLICE BONE -LIVER 7.000Y THYROID KIDNEY LUNG GI-LLY

Y 93 2.43E-08 NO DATA 6.62E-10 ND DATA NO DATA NO DATA 1.92€~04
IR 95 2.06E-07 5.02E-08 3.56E-08 NO DATA $5.41E~-D8 NO DATA 2.50F-05
IR 97 1.4BE-08 2.54C~09 1.16E-D09 NO DATA 2.56E-09 NO DATA 1.62E-04
NB 95 4.20E-08 1.73tE-08 1.00E~08 NO DATA 1.264t~08 NO DATA  1.48E-05
"o 99 NO DATA 3.40E~05 6.63E-06 NO DATA 5.08E-05 NO DATA 1.12E-05
TC 99» 1.92E-09 3.96E-09 5.10E-08 NO DATA 4,26£-08 2.07E-09 1.15E-06
TC101 2427E~09 2.B6E-D9° Z;BJE-DB ND DATA 3.40€E-0R 1.56E-09 4&.86E-07
RU103 1.48E-06 NO DATA 4.95E-07 NO DATA 3.08E-06 NO DATA 1.80E-05
RUL0S 1.36E-0T NO DATA 4.58E-08 NO DATa 1.00E=-06 ‘NN DATA S.41€E-05
RUL06 2.41E-05 ND DATA 3.01E=06 NO DATA 2.85E-05 NO DATA 1.83F-0¢
AGLLIOM O9.96E-07 T.2T7E-0T &.BLE-DT NO DATA 1.04E-06 NO DATA 3.77€-05
TE125M 2,33E-05 7.79C-06 3.15E-06 7T.84E~06 NO DATA NO DATA 1.11€~05
TELI27TM 5.85E=-05 1.94FE~05 7T.08E-06 L1.69E-05 1.44E-04 NO DATA 2.36E-05
TE127 1.00€-06 3.35E-07 2.15€-0T7 B.14E-NT 2.44E-06 NO DATA 2.10E-05
TE129M 1.,00E-06 3.43E-05 1.54E-05 3.84E-05 2.50E-04& NO DATA $.97E-05
TEL29 2.84E-07 9.79E-08 .6.635-08 2.38E~-0T7 7T.CTE-OT NO DATA 2.2TE-05
TELILIP 1.52E~05 6.12E-06 5.05E-06 1.24E-05 &.21E-05 NOD DATA 1.03E-04
TE131 1.T6E=0T 6.50C~08 4.94E~08 1.57E~0T7 &.50E-07 WD DATA T.11E~06
TEL32 2.0BE=05 1.03E-05 9.61E-06 1.52F-05 6.44E-05 NO DATA 3.81E-05
I 130 6.00E~06 1.32E-75 5,306-06 1.48E-03 1.45E-05 NO DATA 2.83E-06
1 13 3.59E~05 #.23E-05 [.M6E-05 1.39E-02 &.94E-05 NO DATA 1.51E-06
I 132 1.66E-06 3.3TE-06 1.20E-D6 1.58E~04 3.TOE~06 ND DATA 2.T3E-06
1133 1.25€E-05 1.82C-05 S$.33E-06 3.31E~03 2.14E-J5 ND DATA 3.08E-06
1 136 8.69E=-07 1.78E-06 6.33E-07 &.,15E=05 1.99E=-06 NO DATA 1.84E-06
1 135 3.64E-06 T 24L-06 2.64E-06 6.49E-04 B.07E-06 NO DATA 2.62E-06
CS13e 3.77€-04 7T.03E-04 7T.10E-05 NO DATA 1.81E-06 T.42E-05 1.91E-06
CS136 4.59E-05 1,35E=04 S.04E~05 NO DATA 5.38E-05 1.10E-05 2.05¢E-06
Cs137 $5.22E-04 6.11E-04 4&,.33E-05 NO DATA 1.64E-06 6.64E-05 1.91E-06
Cs138 4.81€-07 7.82E-07 3.79E-O07 NO DATA 3.90E-07 6.09E-08 1.25E-06
84139 8.81E-07 S,.B84E-10 2,556-08 NO DATA 3.51E-10 3.54E-10 5.58E-05
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TAsSLT E-14, CONT'D

PASE 3 OF 3

INGESTION DOSE FACTORS FOR INFANT
(MREm PER PCI INGESTED)

NUCLIDE BONE LIVER T.800Y THYROID  KIDNEY LUNG Gl-tLL!

BA1&D 3.72E~04 1.T1E-07 B.81E-06 NO DATA  4.06E-08 1.05E-07 4,.20£E-05
fatsel 4.25€E=0T7 2.915-10 §.54E=02 MO DATA 2.75€E~-10 1.TTE~10 5.19E-06
BAle2 1.84E=07 1.53E-10 9.06E-09 NO DATA B.8lE~11 S.28E-11 7.59E-07
LAL40 2.11E-08 B.32E-09 2.14E-09 NQ DATA NO DATA NO DATA 9. TTE- 1S
LAle2 1.10E-09 4&4.04E-10 9,67E-11 NO DATA NO DATA NO DATA 6.86E-'5
CEls) T<BTE-08 &.80E-08 S5.65E-09 NO DATA 1.48E-08 NOD DATA 2.48E~1.5
CE14) 1.48E=08 9.82E-06 1.12E~09 NO DATA 2.86E-09 NO DATA 5.73E-05
CEl4s 2.98E-06 1.22E-06 " 1.67E-DT NO DATA 4,93E-07 NO DATA 1.T7T1€=-04
PR143 S.12E-08 3.CAE~-O8 4,03E-09 NO DATA 1.13E-08 NO DATA  4.29E-">
PR16& 2.76L-10 1.06E~10 1.38E-11 NO DATA 3.86t-i1 WD DATA  4.93E-06
ND147 5.53E~08 S.UBE-08 3.4BE~-09 NO DATA 2.19E-08 NO DATA 3.60E-05
u 187 9.03E=07 6.28:~07 2.1TE-07 ND DATA ND DATA  ND DATA 3.69E-05
NP233 1.11E-08 9,93E-10 5.61E-10 NO DATA 1.98E-09 ND DATA 2.87E-05
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TABLE E-15
RECOMMENDED VALUES FOR OTHER PARAMETERS

Equation(s)
Definition Where Used
Fraction of produce ingested grown in garden of interest 14 & C-13 A
Fraction of leafy vegetables grown in garden of interest 44 C-13
Effactive surface density of sotl (assumes a 15 cm plow 4, A-8, A-13, 8 C-5
Vayer, expressed in dry weight)
?ﬂctim of deposited activity retained on crops, leafy 4, A-B, & A-13
vegetables, or pasture grass c-5
Attenvation factor accounting for shielding provided by 8, 9, 10, 11, 12,
residential structures 8-6, 8-7, 8-8, B-9,
& C-2
Period of long-term buildup for activity in sediment or 3, 4, A-4, A-5, A-6,
soi! (nominally 15 yr) A-7, A-8, A-13, 8 C-5
Perfod of crop, leafy vegetable, or pasture grass . . 4, A-8;, A-13, 4 C-5
exposure during growing season
Transport time from animal feed-mflk-man ' c-10

‘Pcrmter values given without references are based.on staff judgments.

Yalues
0.76
1.0

2
240 kg/m 7

0.2%

1.0 (for fodines)

0.2 (for other
particulates)

0.7 (for meximum
individual)
0.5 (for general
population)

1.31 x 10° hr

720 hrs (30 days,

Reference(s)*

27
2, 4, 13,
28-31

%
2

108 32

for grass-cow-milk-

mon pathway)
1440 hrs (60 days,

for crop/vegetation-

man pathway

2 days (for maximum ' -n

individual)

4 days (for genenl

population
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. TABLE E-15 (Continued)

Parameter :
Symbol Definition
th Time delay between harvest of vegetation or crops and
ingestion
1) For ingestion of forage by animals
11) For ingestion of crops by man
tp Environmental transit tiwe, release to receptor
(add time from release to exposure point to
minimums shown for distribution)
1
t, Average time from slaughter of meat animal to
consumption :
. " Agriceltural gnductiviiy by unit ares (measured
iy in wet weight .
N, Rate constant for removal of activity on plant or leaf

surfaces by weathering (corresponds to a 14-day half-1{fe)

.leter values given without references are based on staff judgments.

Equation(s)
Where Used

4, A-8, A-13, 8 C-8

‘p A‘a. l-'J. ‘ c.s

18 A2

2 & A3

3eng
€-12

‘. A-O. A"’. . C-S

Yalues

Zero {for pasture
grass)

2160 hr (90 days for
stored feed)

24 hr (1 day, for
leafy vegetables &
maximm individual)

Reference(s)*

1440 hr (60 days, for .

produce & maximm
individual)

336 hr (14 days, for
general population)

12 hr (for maximum
individual)

24 hr (for general
population)

24 hr (for waxtiwmm
‘Individual)

168 hr (7 days for
population sport
fish doses)

240 hr (10 days for
population com-
mercial fish doses

. lero

20 days

0.7 tglnz {for gress-

cow-mil1k-man pathway)
2.0 kglnz (for produce 3N

or leafy vegetables
ingested by man)

0.0021 hr-'
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APPENDIX F
METHOOS FOR EVALUATING THE 1 FUNCTION

The NRC staff calculates ground-level gamma radiation doses from elevated moble gas releases
using Equation (6) In Regulatory Position C.2.a of this guide. Equation (6) is based on the
model presented in Slade (Ref. 1), which can be characterized as a vertically finite sector-
averaged Gaussian plume model. Use of the model involves volume integration over a distributed
source, resulting in certain integrals that define the 1 function, denoted by T‘I’ in Reference 1.

1. Derivation of the I Function

The derivation of the I function presented below s taken directly from Reference 1, which
should be consulted for further details.

The sector-average airborne radionuclide concentration resultin
fs given by the Baussian plume model as (see Equation 7.60 of Ref. 1):

from a continuous release

2 °2
where

h is the effective release hefght, in meters;

QD is the effective release rate, considering decay in transit, in Ci/sec;

R 1s the downwind distance, 1n meters;

v is the average wind speed, in m/sec;

x(R,2) fs the sector-average concentration at location (R,z), in c1/m3;
2z is the vertical distance above the ground plane, in meters;

] i{s the sector width, in radians; and

0y is the vertical plume spread, in meters.

Equation (F-1) may be restated, for simplicity, as:

X(R,z2) = __Q!_)EE)_

F-2
] oll-.l' Re ' (F-2)

where

2 2
6(z) = exp -—-‘-;1'—& +expl- .(1_12!1)_ (F-3)

g Zoz

where the terms are as defined above.
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. The nlliu dose rate to air at a distance of r meters from a point source of q curies s
expressed by (see Equation 7.33 of Ref. 1):

where

'(U.U..r)

E
q

¥

100
1293

1.6 x 1076
3.7 x 10'0

1,0(3.7x10 O)E(1.6x10°6)8 (w1, 1 )exp(-ur)

is
is
is
is
is
is
is
is
is

a.rr(lzsamoo) ' (F-4)

the bufldup factor, dimensionless;

the dose rate to air, in rad/sec;

the gamma ray energy per disintegration, in MeV;
the point source strength, in'curies; .
the distance, in meters;

the attenuation coefficient for air, in m";

the energ& absorption coefficient for air, in m";
the number of ergs per gram-rad;

the density of air at standard temperature and pressure, in

9/m3;

is
is

the number of ergs per MeV:. and
the number of disintegrations, per Ci-sec.

Equation (F-4) mey be simplified as follows:

where

Kui,QEB (1,1, o1 )exp(-ur)

(F-5)
lnrz

10 -6
3.7 x 10 1.6 x 10 -
K = 5ITHoD 0.46 (F-6)

The next step §s to incorporate Equation (F-2) into Equatfon (F-5) to arrive at an
expression for the differential dose rate d0' from the differential volume dV containing the
radionuclide concentration x(R,z). Consider a volume element of the plume located z meters above
the ground and at a horizontal distance L meters from receptor location (R, 0) (see Figure 7.20
of Ref. 1). Al such volume elements located at the horizontal distance L are included in the
ring-shaped differential volume 2nldidz. 1f R is sufficiently large that the concentration
averaged over 311 such volume elements can be approximated by x(R,z), the contribution of the
ring-shaped diffarential volume dvV to the air dose rate at location (R,0) is given as

dD' =

Ku EB(uouyor)exp(-ur) _ ' (F-7)
R,z)dv
41;247 . x(R.z)
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where q has been replaced by X(R,z)dV. Substituting (L . z“')"z for r and 2xldLdz for 4V in
Equation (F-7), and 1nt.gnt1ng. the following expression is obtained

. 1/2
I l e (L2 . 12)112! 6(z) ex [-u(L + zz) ]Ldez.
2 JTBto ) )

(F-8)

The 1 function, denoted by T n Reference 1, is defincd as

2., 2,172 2, ,2,1/72
. B lu.u (L€ + 2°) I 6(2)exp ['“(‘- *7) ] LdLdz (F-9)

which, when substituted into Equatfon (F-8), 'yields .
. 0
. Ky, EQ

v/ ¥ URe

The constant K. equal to 0.46, when divided by /x yields the factor 0.260, which is the
same as the factor of 260 in Equation (6) of Regulatory Position C.2.a, after nu'ltip'lying by the
number of wmrad per rad.

The buildup factor given in Reference 1 {is of the form .

D' (F-10)

B(Uﬂl‘nr) =14 kyr ' , . . (F-11)
where
¥-u
k= s : (F-12)
"

Substituting the above expression for the buﬂdup factor into Equation (F-9), the I function
is then given as

I=1,+kl, ' (F-13)
where the I‘ and 12 1ntegn1s can be written for this form of the buildup factor as

s 3 . .
1 -;m;x- ! 6(2)E, (uz)dz | : (F-14)
and I, ;3}20— I 6(z)exp(-uz)dz | (F-15)
z
[]

where E](uz) is the exponential fntegral defined by

Ey(u2) = I Pl g(ur) (F-16)
w2 '

W
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2. [Evaluation of the I Function

In Reference 1 the ll and xz {ntegrals Mave been evaluated and the results presentéd

graphically. Extraction of the data from these six-cycle log-log multicurve plots 15 a formidable
task. A more satisfactory spproach s to prepare a tabulation of the integrals as evaluated
vsing numerical methods. These data can then be interpolated {n implementing Equation (6) of
Regulatory Position C.2.a. . :

The NRC staff has developed a computer routine that evaluates the I function as formulated
in Equation (F-9). The I function as expressed in Equation (F-Qz fs independent of the buildup
factor form. A listing of this routine is provided in Figure F-1. Communication with the
routine is through the COMMON statement, which also communicates with the function subprogram
BULDUP, which defines the dose buildup factor l(u.u..r) desired by the user.

Also, Yankee Atomic Electric Company has supplied a routine written by'Dr. John N. Kamawi
of that company (Ref. 2). This routine evaluates the 1, and 1, integrals as formulated in

Equations (F-14) and (F-15), respectively. A listing of the routine is provided in Figure F-2

(reproduced with the permission of Yankee Atomic Electric Company). With the exceptions of
changes in the titie, the addition of the COMMON statement, the computing of I from I.' and 12.

and comment cards as to its authorship, the routine is reproduced as written by Dr. Hamawi. The
staff has compared the two routines and found their results to be in excellent agreement. The

routine supplied by the Yankee Atomic Electric Company was found to be considerably faster than
the staff's routine. .

e
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SUBROUTINE DINT .
_ COMMON/DATAIT/GRUSTK, KB, BIGNZ,EBAR,DI /N

"DUSE INTEGRAL SUBROUTINE oK. P, ECKERMAN j1=28a7a
SUBROUTINE EVALUATES THE DOSE INTEGRAL °IT' A9 DEFINED BY EoN 7.61
IN NET 3 AZ=1068, TWE TWO DIMENSIONAL INTEGRATION I8 EVALUATED
VUSING GAUSSIANSLEGENDRE QUADRATURE OF ORDER &8,

COnMON INFO
SMU=NASY ATTENUATION COEFFICIENT C(1/METERS)
IX=BUILOUP FACTOR (MU=NUA)/MUA IF USED
HE~RELEASE PUINT MEITH
RELEASE POINT MEIGHT CMETERD) :
SIGNZ=BTANDARD DEVIATION OF PLUME (NETERS)
EBARGAMMA RAY ENERGY (MEV)
DI~DDSE INTEGRAL
M=ENERGY QROUP INDEX IF NEEDED
NOTE=2K,EBAR,L M ARE USED BY BULDUP

OOO0OMMAOHONHNONHONODN

DIMENSION X(24),M(24)
DATA NN/&8/,A72.82802712%/
DATA X/
10,0323801709,
20,2873623873,
30,5231609747,
40,7240321309,
$0,87¢5720202,
60,970591592s,
OATA W/

. 10,0047376%68,
20,0620394231,
30,055199503¢,

3 IR 2 #ggu!.. An6795608, 0,0815450829
a- ot T T e

0,09700a6992,
0.34887558842,
0,8772247260,
0.7671590325,
0.,9058791367,
0.9841245837,

0.06G46p1644,
0.,060704439y,
0.,0528901894,

0.1612223560,
0.80868048819,
0.6288073%e7,
0.8070662040,
0,931386069%07,
0.9535301722,

0.0630242385,
0.059114839¢,
0,050359038S,
0,0382413510,
0.0235707608,
0.0073275539,

0.,2247637%03,
0,866902%9047,
0,677872379,
0,8:435882016,
0,95298770314,
0,9987730072/7

0.06311a1922,
8,0572772928,
0,08761066584,
0,0347772225,
0,0198141604,
0,0031533460/

0,02742650687,
- 00,0155763187, 0,011a4772345,
. SUMsp, - Co
880,85/ (81CM2281GM2)

2LU92KS8eg a8SICM2
ZUBBNS+q, 281GM2
IF(ZLB,LY.0,)2LB=0,
YUBzi1S§ _ /GCHU
Cs0,S=(2UB"2LD)
650,50 (2UB*2LB)
!OO.S'YUB
PO 70 2Isi.NN
Iallell/2
Fal,
ExX=0,
!F(HODKIIozi.EG.O)'l'!.
ZluFaXx(1)#Cel .
ARGUsBa (223 )n(22aH8)
IF(ARGU,GT.20,360 TO &5
EXSExP(=ARGU)

85 ARGUsBe(2Z+m8)e(22Z¢H8)
JF(ARGU,6T7.20,)60 TO S8
EXBEXSEXP (=ARGU)

$8 IF(Ex.£0.0.360 TO 70
DD 60 KK=],NN
K.KK-KK’Z
Fai, )
IF(MOD(KKs2) EQ,0)Fm=g,

Pigure P-1. Staff-Written Computer Listing

. - r—
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YYSFaX(K)RESE
Oi8YvavyveZZe22
ARGUaGMU2BORT (DY)
IF(ARGU,ET,20,)60 TD 60
EXIBEXAEXP(=ARGU) #BULDUP (ARGU)®YY/DY
BUMBZUMeN (T )nN(K)oEX]
60 CONTINUE
70 CONTINUE
DIBBUMaloE/ (ABIGNZ)
RETURN
END

Figure F-1 (continued) .
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SUBROUTINE DINT
REAL WU
COMMON/DATAIT/NU, 2K, M,8382,D1,L

DOSE INTEGRAL RODUTINE WRITTEN BY
OR, JOMN N, MAMANI
YANKEE ATOMIC ELECTRIC COMPANY
‘NUCLEAR SERVICES DIvisION
20 TURNPIKE ROAD
NESTBOROUGH, MASSACHUSETTS 01581
YAEC REPORT ND, 1108

COMNON INFO
MU=MASS ATTENUATION COEFFICIENT (L1/NETERS)
ZK=BUILDUP FACTOR (MUeMUA)/MUA
81CZ=STANDARD DEVIATION OF PLUNE (METERS)
DI=DOSE INTECRAL =] TOTAL
Le DETERMINES NUMBER OF INTERVALS USED IN INTEGRATION

OOAOMNDAOOOONONNND

DIMENSION COATA(S),ECa®),8Ca9),P(a0)
OATA M/9/,CDATA/S,0043,1,00¢4,2,00¢4,5,00¢8,1,0D+8/
DATA AC,A1,A2,A3,A4,AS/ =0,57721%66, 0.99999193, = 0 +2899108S,
€C 0,05%519968,-0,00976004, 0.,00107857/
DATA Bo,81,82,83/ 0, 25777:7;43. 0,.6337608925, 18,0590160730,
C &,5733287%:01/
DATA C0,C1,C2,C3/ 3,95843969228, 21,0996530827, 28.63295s1a8¢,
c 9 s733223asa1
DATA D, p1.02,03,064,08,06,D07,08,D09/
€ 3543, 75.959..saaa..-eza..1049a..-asao..:anb..-oaa.-soaa..’so.
Cenen coﬂPuT: LIMITS OF INTEGRATION ZMIN AND ZMAX, AND INTERVAL WIDTH
IFCL LT, 2.0R, L, 6T, 0) L ® &
C ® COAtA(Le]) .
NS LetHel) o §
81622 w 81G2e8162
ALFA ® i = mUSIGZ2 _
BETA » 81GZe SORT(2,0ALODG(C))
IFCALFA,GT.0,0) GD TO 150
2MIN ® 0,0
IMAX 8 ALFA ¢ SGRT(ALFAeALFA ¢ BETARBETA)
60 To 200 . -
180 ZMIN 8 ALFA = BETA
IF(ZMIN,LT,0,0) ZMIN 8 0,0
IMAX 8 ALFA ¢ BETA
200 DZ ® (ZMAX®ZMIN)/(N=1) ,
Ceann COMPUTE EXPONENTIAL INTEGRAL TERMg ECI) C(SPECIAL PRDCED, POR E(1))
E(1) & 2,18907=ALDC(MUsDT)
00 250 1 = 1, N
Z 8 ZMIN ¢ (1e1)2D2
\ X 8 nUaZ .
! IF(X,LE,0,0) GO TO 250
| X2 8 XeX
X3 8 XeXx2
Xg 8 XeX3
XS B XeXa .
IFCX,LE,1.,0) ECI) ® «ALOG(X) ¢ AO¢AL®XeA2%X2¢ABAXI+ARRXQ¢ASAXS
IF(X,67.1,0) EB(1) B (BO+BiaXeB2aX24BInX3IeXA)/ A
4 (CO*CInXeL2aX2+CIXNIeXB)/ (X EXP(X))
250 CONTINUE

Cwses COMPUTE INTEGRAND TERMS B(1) AND P(I)
DO 300 1 8 3, N
T8 ZMIN ¢ (I=1)eD2

Figure F-2. Hamawi-Written Computer Listing -
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Gs nr(.nms-uoumz.o-nczaas ¢ EXp ¢-u-ns.u-uvu.o-uszz))
8(1) » geE(])
300 P(I) ® ge EXP(oNUs?)
Ceanse :5:;’0“ ugnulcn. INTEGRATION usm O-Poxﬂ'r uzumn-coru FORNULA
s 0
SUMP g 0.0
s
KNS NaMelt
00 380 X & XK, MM -
SUMB ® JUMB ¢ oz-l(K)ob!-!(Kol!ob!cllkot)Ooc-ltxos)onS-ltuol)
4 *DoaB(KeS)eDTeB(Kep)ioDBeB(XeTI¢DYeB(KeD)
BUNP 8 QUMP ¢ DIeP(K)eD2eP(Ke1)eDIoP(Ke2)eDanP(Ke3)eDSep(Kkes)
c *DOaP{Ke85)eDTeP (Ken)eDBeP(KeY)¢DVap (Ked)
350 CONTINUE

‘DINDZa(QUMBIBUNPEZK) /(D02,02042708162)
IE;UIN
EN

Figure F-2 (continued)
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