August 20, 2012 BNP-2012-197 Enclosure 2

Mark-ups to COLA ER Section 3.5

Page 215 of 277



August 20, 2012 BNP-2012-197 Enclosure 2

ER: Chapter 3.0 Radwaste Systems and Source Terms

RAI 101 Question
11.02-2

v

|Insert 3,5.2.3-1

%

Liquid effluent annual average radioactivity releases due to anticipated operational
occurrences are summarized in Table 3.5-14. The additional unplanned liquid release due to
anticipated operational occurrences is estimated to be 0.16 Ci/year for the U.S. EPR design
based on reactor operating data presented in NUREG 0017 (NRC, 1985). These releases were
evaluated to determine the frequency and extent of unplanned liquid release and are
assumed to have the same isotopic distributions for the calculated source term of the liquid
wastes. The total releases from the anticipated operational occurrences are shown in

Table 3.5-15 and are included as part of the "total liquid release source term".

Summary of Radioactive Liquid Release from Normal Operations

Discharge concentrations are listed in Table 3.5-15 and are calculated using a 8,665 gpm (32,
797 lpm) discharge flow rate. The discharge concentrations are compared with effluent |
concentration limits given in Table 2, column 2 of 10CFR20, Appendix B (CFR, 2007d).

Due to the impracticality of removing tritium on the scale necessary, some tritium present in

the reactor coolant system will be released to the environment during plant life time. From the
experiences gained at operating PWRs, the total tritium release is estimated to about 0.4
Curies/MWt/year (NRC, 1985). The quantity of tritium released through the liquid pathway is
based on the calculated volume of liquid released, excluding secondary system waste, with a
primary coolant tritium concentration of 1 uCi/ml up to a maximum of 90% of the total |
quantity of tritium calculated to be available for release. It is assumed that the remainder of
tritium produced is released as a gas from building ventilation exhaust systems. Hence, 1,660
curies (6.14E13 Bq) of tritium are expected to be released to the environment via liquid

effluents from BBNPP each year. |

3.5.2.3 Liquid Waste System Cost-Benefit Analysis

BBNPP
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10 CFR Part 50, Appendix |, Section II.D requires that plant designs consider additional
items based on a cost-benefit analysis. Specifically, the design must include all items o
reasonably demonstrated cleanup technology that. when added to the liquid waste
processing system sequentially and in order of diminishing cost-benefit return. can, at a
favorable cost-benefit ratio, reduce the dose to the population reasonably expected to be
within 50 miles of the reactor. The guidance used to make this decision is that the
cumulative dose to a population within a 50-mil km) radius of the reactor site cannot
be reduced at an annual cost of no more than $10 r person-rem or $1000 per
person-thyroid rem. The methodology of Requlatory Guide 1.110 was used to perform a
site-specific cost benefit analysis to satisfy these requirements. Regulatory Guide
1.110 provides values in 1975 dollars and instructs that these values not be adjusted for
inflation.

The following parameters used in determining the Total Annual Cost (TAC) for the cost-
benefit analysis are fixed and are provided in Regulatory Guide 1.110 for each radwaste
system augment: the Direct Cost of Equipment, Materials and Labor (Table A-1 of
Regulatory Guide 1.110), the Annual Operating Cost (AOC) (Table A-2 of Requlato

Guide 1.110), and the Annual Maintenance Cost (AMC) (Table A-3 of Requlatory Guide
1.110). The following variable parameters were used in the cost-benefit analysis:

e Labor Cost Correction Factor (LCCF) — This factor accounts for the differences in
relative labor costs between geographical regions and is take from Table A-4 of
Regqulatory Guide 1.110. The lowest LCCF value of 1.0 was conservatively used
in the analysis.

e Indirect Cost Factor (ICF) — This factor takes into account whether the radwaste
stem is unitized or shared (in the case of a multi-unit site) and is taken from
Table A-5 of Regulatory Guide 1.110. A value of 1.75 was used for the ICF since

the radwaste system for BBNPP is for a single unit site.

o Capital Recovery Factor (CRF) — This factor reflects the cost of money for capital

expenditures. A cost-of-money value of 7% per year was assumed in the

analysis, consistent with NUREG/BR-0058 (NRC. 2004). From Table A-6 of
Requl Guide 1.110, the corresponding CRF is 0.08086.

If it is conservatively assumed that each radwaste system augment is a “perfect”
technology that would reduce the effluent dose by 100 percent, the annual cost of the
augment can be determined and the lowest annual t can be considered a threshold
value. The lowest cost option for the liquid radwaste treatment system augments was
determined to be a 20-gpm (75.7 Ipm) cartridge filter at $11.390 per year. Dividing this
cost by $1000 per person-rem results in a threshold value of 11.39 person-rem total

body or thyroid dose from liguid effluents.

Population dose impacts within a 50 mile (80 km) radius of the BBNPP site are listed in
FSAR Table 11.2-15. The input parameters used in calculating the population doses are
provided in FSAR Table 11.2-14. As shown by the results in Table FSAR11.2-15, the
total body and thyroid population doses for liquid effluents are a small fraction of the
threshold value of 11.39 person-rem. It is therefore concluded that no further cost-

benefit analysis is needed to demonstrate compliance with 10 CFR Part 50, Appendix .
Section 11.D.
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iodine-adsorbent activated charcoal delay beds and the filtered air is sent to the stack. The
charcoal beds each have a downstream HEPA filter to remove potentially radioactive charcoal
dust and particulates. The ventilation systems are shown in Figure 3.5-7.

3.5.3.2 Gaseous Release to the Environment

All gaseous effluents are released at the top of the plant stack. The stack height is
approximately 203 ft (62 m) above plant grade, or about 6.56 ft (2 m) above the height of the |
adjacent Reactor Building. The normal stack flow rate is conservatively estimated at 260,000
cfm (7,362 m3/min) (sum of exhaust ventilation flow rates from the Nuclear Auxiliary Building
of 157,000 cfm (4,446 m3/min), Radioactive Waste Processing Building of 94,000 cfm (2,662
m?3/min) and Access Building of 9,000 cfm (255 m3/min)) with no credit for thermal buoyancy
of the exit gas assumed (ambient temperature) and the low flow purge system assumed to not
be operating. For the purpose of analyzing the effective stack height, a conservative stack flow
rate of 242,458 cfm (6,865 m3/min) was utilized in the atmospheric dispersion calculations. The
stack diameter is 12.5 ft (3.8 m). The releases of radioactive effluent to the plant stack include
contributions from:

¢ Gaseous Waste Processing System discharges via the carbon delay beds for noble gas
holdup and decay.

¢ Containment purge ventilation discharges.

¢ Ventilation discharges from (1) the four Safeguards and Access Building controlled
areas, (2) the Fuel Building, (3) the Radwaste Building and (4) the Nuclear Auxiliary |
Building. RAI 101 Question
10% | [11.02-5

4 Main Condenser air evacuation exhaust.

The annual average airborne releases of radionucljdes from the plant were determined using
the PWR GALE code (NRC, 1985). The GALE code models releases using realistic source terms
derived from the experiences of many operating reactors, field and laboratory tests, and
plant-specific design considerations incorporgted to reduce the quantity of radioactive
materials that may be released to the envirghment during normal operation, including
anticipated operational occurrences. The gode input values used in the analysis are provided
in Table 3.5-9. There are two deviations ffom the U.S. EPR FSAR reflected in this COLA, the shim |
bleed and C-14 production. The shim bleed is adjusted to 2,160 gpd (8176 L/d) to reflect total
letdown flow for boron control with a#of the reactor coolant liquid being recycled. This
deviates from the U.S. EPR FSAR where it is assumed that 5% of the letdown flow is sent to the
liquid waste system for processing. This results in the calculated annual release of Kr-85 to
drop from a very conservative estimate of 34,000 Ci (1.26E+15 Bq) to 2,800 Ci (1.04E+14 Bq) in
gaseous effluents for BBNPP. The GALE code has a fixed annual release value for C-14 of 7.3 Ci
(2.70E+11 Bq) regardless of the power output of the reactor and with no identification of the
chemical form of the carbon in the waste gas. C-14 is primarily produced by the activation of
0-17 in the coolant. The quantity released is proportional to the reactor core neutron flux. The
larger power rating of the U.S. EPR results in a much higher C-14 production than the GALE
code estimate. As a result, the annual release of C-14 isincreased to 18.9 Ci (7.0E+11 Bqg) and
the chemical form is estimated to be 86%-m ne-and-20% carbon dioxide. The expected

\
annual releases from the plant are presented in Table 3.5-8 and the annual releases due to |

anticipated operational occurrences are presented in Tablé 3.5-19. RAIl 101 Question
11.02-3(1-4)

BBNPP

3-63 Rev.3
© 2007-2012 UniStar Nuclear Services, LLC. All rights reserved.
COPYRIGHT PROTECTED

Page 219 of 277




August 20, 2012 BNP-2012-197 Enclosure 2
ER: Chapter 3.0 Radwaste Systems and Source Terms

RAI 106 Question . .
11.03-1 3.5.3.3 Gaseous Waste System Cost-Benefit Analysis

Insert 3.5.3.3-1
T—

BBNPP 3-64 Rev. 3
© 2007-2012 UniStar Nuclear Services, LLC. All rights reserved.
COPYRIGHT PROTECTED

Page 220 of 277




August 20, 2012 BNP-2012-197 Enclosure 2

Insert 3.5.3.3-1

10 CFR Part 50, Appendix | Section 1I.D requires that plant designs consider additional
items based on a cost-benefit analysis. Specifically, the design must include all items of
reasonably demonstrated cleanup technology that, when added to the gaseous waste
processing system sequentially and in order of diminishing cost-benefit return, can, at a
favorable cost-benefit ratio, reduce the dose to the population reasonably expected to be
within 50 miles (80 km) of the reactor. The guidance used to make this decision is that
the cumulative dose to a population within a 50-mile (80 km) radius of the reactor site
cannot be reduced at an annual cost of no more than $1000 per person-rem or $1000

per person-thyroid rem. The methodology of Regulatory Guide 1.110 was used to
perform a site-specific cost benefit analysis to satisfy these requirements. Regulatory
Guide 1.110 provides values in 1975 dollars and instructs that these values not be
adjusted for inflation.

The following parameters used in determining the Total Annual Cost (TAC) for the cost-
benefit analysis are fixed and are provided in Regulatory Guide 1.110 for each radwaste
system augment: the Direct Cost of Equipment, Materials and Labor (Table A-1 of
Regulatory Guide 1.110), the Annual Operating Cost (AOC) (Table A-2 of Requlatory
Guide 1.110). and the Annual Maintenance Cost (AMC) (Table A-3 of Requlatory Guide
1.110). The following variable parameters were used in the cost-benefit analysis:

o Labor Cost Correction Factor (LCCF) — This factor accounts for the differences in
relative labor costs between geographical regions and is take from Table A-4 of
Regulato uide 1.110. The lowest L CCF value of 1.0 was conservatively used

in the analysis.

e Indirect Cost Factor (ICF) — This factor takes into account whether the radwaste
system is unitized or shared (in the case of a multi-unit site) and is taken from

Table A-5 of Requlatory Guide 1.110. A value of 1.75 was used for the ICF since
the radwaste system for BBNPP is for a single unit site.

o Capital Recovery Factor (CRF) — This factor refle he cost of money for capital
expenditures. A cost-of-money value of 7% per year was assumed in the
analysis, consistent with NUREG/BR-0058 (NRC. 2004). From Table A-6 of
Regulatory Guide 1.110, the corresponding CRF is 0.0806.

If it is conservatively assumed that each radwaste system augment is a “perfect”
technology that would reduce the effluent dose by 100 percent, the annual cost of the
augment can be determined and the lowest annual cost can be considered a threshold
value. The lowest cost option for the gaseous radwaste treatment system was
determined to be the steam generator flash tank vent to main condenser augment at
$6.650 per year. Dividing this cost by $1000 per person-rem results in a threshold value
of 6.65 person-rem total body or thyroid dose from liguid effluents.

Population dose impacts within a 50 mile (80 km) radius of the BBNPP site are listed in
FSAR Table 11.3-8. The input parameters used in calculating the population doses are
provided in FSAR Table 11.3-2 and FSAR Tables 11.3-10 — 11.3-13. The total body and
thyroid dose from gaseous effluents are 8.25 person-rem and 8.57 person-rem.
respectively. Since these doses exceed the 6.65 person-rem threshold value, the
system augments with a total annual cost less than $8.250 are further evaluated below.
For use in the evaluation, the dose breakdown from noble gases. iodines. particulates,
C-14 and H-3 as taken from the GASPAR-2 output is provided in FSAR Table 11.3-9.
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The total annual cost for this system augment is $8.170. Therefore, in order to be
beneficial at $1000 per person-rem, this augment must remove sufficient activity to

decrease the population dose by at least 8.17 person-rem, thereby decreasing the total
body dose from 8.25 person-rem to 0.08 person-rem and the thyroid dose from 8.57
person-rem to 0.40 person-rem. However, as shown in FSAR Table 11.2-7, for the
noble gases, which make up nearly half of the dose, only a small fraction (<1%) are
released through the condenser air removal system. Therefore, it would be impossible
to achieve the necessary dose reduction, and this augment is not cost-beneficial.

1.000-cfm (28.31 cubic meters per minute) Charcoal/HEPA Filtration System

The total annual cost for this system augment is $7.960. Therefore, in order to be
beneficial at $1000 per person-rem, this augment must remove sufficient activity to
decrease the population dose by at least 7.96 person-rem. thereby decreasing the total
body dose from 8.25 person-rem to 0.29 person-rem and the thyroid dose from 8.57
person-rem to 0.61 person-rem. However, this augment would not be effective in
reducing the noble gases or C-14 release, which make up over 90% of the population.
Therefore, it would be impossible to achieve the necessary dose reduction, and this

augment is not cost-beneficial.
600-ft* (16.99 m®) Gas Decay Tank

The total annual cost for this system augment is $8.040. Therefore, in order to be

beneficial at $1000 per person-rem, this augment must remove sufficient activity to
decrease the population dose by at least 8.04 person-rem, thereby decreasing the total
body dose from 8.25 person-rem .21 n-rem and the thyroid dose from 8.57
person-rem to 0.53 person-rem. However, this augment would not be effective in
reducing the C-14 release, which makes up 50% of the population dose. Therefore, it

would be impossible to achieve the necessary dose reduction, and this augment is not
cost-beneficial.

Steam Generator Flash Tank Vent to Main Condenser

The total annual cost for this system augment is $6.650. Therefore, in order to be
beneficial at $1000 per person-rem, this augment must remove sufficient activity to
decrease the population dose by at least 6.65 person-rem, thereby decreasing the total
body dose from 8.25 person-rem to 1.6 person-rem and the thyroid dose from 8.57

erson-rem to 1.92 person-rem. However, t urrent design for the U.S. EPR alread
includes a steam generator flash tank/condenser. Also, as shown in FSAR Table 11.2-
7. none of the noble gases (which make up almost 50% of the dose) are released via the
blowdown vent offgas. Therefore, it would be impossible to achieve the necessary dose
reduction, and this augment is not cost-beneficial.

Based on the above evaluation, none of the radwaste augments are cost-beneficial in

Main Condenser Vacuum Pump Charcoal/HEPA Filtration System
|

reducing the total body or thyroid dose from gaseous effluent.
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CFR, 2007a. Title 10, Code of Federal Regulations, Part 50.34a, Design Objectives for
Equipment to Control Releases of Radioactive Material in Effluents - Nuclear Power Reactors,
and Appendix |, Numerical Guides for Design Objectives and Limiting Conditions for
Operation to Meet the Criterion "As Low as is Reasonably Achievable" for Radioactive Material
in Light-Water-Cooled Nuclear Power Reactor Effluents, 2007.

CFR, 2007b. Title 40, Code of Federal Regulations, Part 190, Radiation Protection Programs,
2007.

CFR, 2007c. Title 10, Code of Federal Regulations, Part 20.1301, Dose Limits for Individual
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NRC, 2004. NUREG/BR-0058, “Regulatory Analysis Guidelines of the U.S. Nuclear
Regulatory Commission” Revision 4, September, 2004.
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Table 3.5-4— Principal Parameters Used In Estimating Realistic Releases of Radioactive

Materials in Effluents (GALE Code Input Parameters)
(Page 1 of 4)

Item GALE Input Parameter Value

1 Thermal Power Level (MWth) 4,612 MWth
(4,590 MWth + 22 MWth measurement uncertainty) (4,612E9 J/sec)

2 Mass of Coolant in Primary System (RCS dry nominal volume - not including the pressurizer) 5.937E5 lbm
(13,596 t3/0.02290 ft3/lbm) (2.693E5 kg)

3 Primary System Letdown Rate 226.7 gpm
(7.94E+04 Ibm/h x 0.0229 ft3/lbm x 7.48 gal/ft> x 1 min/60 sec = 226.7 gpm) (0.858 m3/min)

4 Letdown Cation Demineralizer Flow Rate 0gpm
(No purification system cation demineralizer) (0 1/min)

5 Number of steam generators 4

6  |[Total steam flow rate 2.171E7 lbm/hr
(Nominal 4 x 5.168E+06 = 20.67E+06 lbm/hr (9.845E6 kg/hr)
Increase by 1.05 to account for higher thermal power = 21.71E+06 lbm/hr)

7 Mass of liquid in secondary side of each steam generator (SG) 1.6977E5 lbm

(7.7006E5 kg)

8 SG Blowdown rate 2.184ES Ibm/hr
(Nominal 4 x 0.052E+06 Ibm/hr = 208E+03 Ibm/hr (9.906E4 kg/hr)
Adjust by 1.05 to account for higher thermal power 208 x 1.05 = 218.4E+03)

9 Blowdown Treatment Method 0
(Full blowdown flow processed by Blowdown System and recycled to condensate system.)

10  |Condensate Demineralizer Regeneration Time (days) RAI 101, Question 0
(Regeneration not used) 7 11.02-5

11 |Condensate Demineralizer Flow Fraction ¥4 : 033

12 |Shim Bleed Flow Rate (gpd) A 2160 gpd
(Shim bleed is letdown flow for boron control-and-theliquid-is-reeyeled. The nominal flow is: (8170 I/day)

500 Ibm/hr x 0.0229 ft3/lbm x 7.48 gal/ft> x 24 hr/day = 2,056 gpd
Adjusting by 1.05 to account for higher thermal power yields 2,158 gpd.

13 |Shim Bleed DF for lodine 1.0E4
(With Liquid Waste Storage and Processing System Demineralizer)

14  |Shim Bleed DF for Cesium and Rubidium - 1.0E7
(With Liquid Waste Storage and Processing System Demineralizer) P RAI 101, Question

15| Shim Bleed DF for Other Nuclides 11.02-5 1.0E7
(With Liquid Waste Storage and Processing System Demineraljzér)

16  |Shim Bleed Collection Time(days) L—> 8:56 days
L — T T il
: e i
RAI 101, Question 1728 .
11.02-5 ) RAI 101, Question
ay (2160 x 0.9 + 1728) gal [S—]
11.02-5
e collection time is for one tank. The collection time includes 1,728 gpd (6,541 Ipd) from
equipment drains.)
|/ 17  |Shim Bleed Processing and Discharge Times (days) RAI 101, Question 0.589 days
Note: 18500 gallons 11.02-
3 18500 gal _ 025
~70m x 0.8 = 0.589 days
(l.lkg) x (lE-3m & (8.64]34 sec)
sec 1kg d
18  [Shim Bleed Average Fraction of Wéstﬁb’& Discharged Io_go 0.0
ES' . BI I 'c . l i I l., e
19  |Equipment Drains Input (gpd) 1,728 gal/day
(Based on U.S. EPR Standard Technical Specification limit on unidentified leakage of 1 gpm 6,541 I/day
(3.79 Ipm). Assumes collected by floor drains. Twenty percent added for conservatism.)
BBNPP 3-83 Rev.3
© 2007-2012 UniStar Nuclear Services, LLC. All rights reserved.
COPYRIGHT PROTECTED

Page 225 of 277




August 20, 2012 BNP-2012-197

ER: Chapter 3.0

Enclosure 2

Radwaste Systems and Source Terms

Table 3.5-4— Principal Parameters Used In Estimating Realistic Releases of Radioactive

Materials in Effluents (GALE Code Input Parameters)

(Page 2 of 4)
Item GALE Input Parameter Value

20  |Equipment Drains Primary Coolant Activity (PCA) 1.0

21 Equipment Drains DF for lodine 1.0E4
(With Liquid Waste Storage and Processing System Demineralizer)

22 |Equipment Drains DF for Cesium and Rubidium 1.0E7
(With Liquid Waste Storage and Processing System Demineralizer)

23 |Equipment Drains DF for Other Nuclides 1.0E7
(With Liquid Waste Storage and Processing System Demineralizer)

24 |Equipment Drains Collection Time (days) Iﬁmm_j_tgm_]ﬁ_ahg_yg) | 8:56-days

70 m3 / T
% 0.8 =8.56 days [S~__ 4.03
(L8 fom ) RAT 101, Question |_—7
264.17 gal
11.02-5
25  |Equipment Drains Processing and Discharge Times (days) 0.589 days
70 m’
x 0.8 =0.589 days
(l.] kg) (IE— 3m (8.64E4 sec)
x X
sec 1kg day

26  |Equipment Drains Average Fraction of Waste to be Discharged 1.0
(There is no recycling of liquid radioactive waste.)

27  |Clean Waste Input (gpd) 9,428 gal/day
(Clean Waste included as Group I1.) 35,690 I/day
(Conservative - 66,000 gal/week / 7 day/week = 9,428 gallons per day)

28 |Clean Waste PCA 0.001

29 |Clean Waste DF for lodine 1.0E2
(With Liquid Waste Storage and Processing System Demineralizer)

30 |Clean Waste DF for Cesium and Rubidium 1.0E2
(With Liquid Waste Storage and Processing System Demineralizer)

31 |Clean Waste DF for Other Nuclides 1.0E2
(With Liquid Waste Storage and Processing System Demineralizer)

32 |Clean Waste Collection Time (days) 1.6 days

3
0m x0.8= 1.6 days

(250 ml) y (week)

week 7d

33 |Clean Waste Processing and Discharge Times (days) 0.463
70m’
x 0.8 = 0.463 days

(1.4 kg) “ (]E— 3m o (8.64E4 sec)

sec 1 kg day

34 |Clean Waste Average Fraction of Waste to be Discharged 1.0
(There is no recycling of liquid radioactive waste.)

35 |Dirty Waste Input (gpd) 0 gal/day
(Group lll waste is normally not radioactive and it is neglected to maximize concentrations) (0 I/day)

36 |Dirty Waste PCA 0.1
(N/A since input is 0 gallons.per day)

BBNPP 3-84 Rev.3
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Table 3.5-6— Liquid Waste Release Source Term Inputs

Enclosure 2

Liquid Waste Inputs
— o;nctbn Collecti Decay Decontamination Factors
Stream Primary | Fraction Time Time
gal/day (I/day) Coolant | Discharged (days) (days) [ Cs Others
Activity

Shim Bleed Rate 2.16E+03 (8.18 E+03) 1.0 86 0.589 1.0E+04 1.0E+07 1.0E+07
Equipment Drains 1.73E+03 (6.55E+03) 10 7@ 8.6 0.589 1.0E+04 1.0E+07 1.0E+07
Clean Waste Input 9.43E+03 (3.57E+04) 0.001 / 10 16 \| 0463 1.0E+02 1.0E+02 1.0E+02
Dirty Wastes 0.00E+00 (0.00E+00) 0.1 / 10 0.0 0.0 1.0E+02 1.0E403 1.0E+03
Blowdown 6.28E+05 (2.38E+06) 0.0 0.0 \ 00 1.0E402 1.0E+02 1.0E+03
Untreated Blowdown 0.00E+00 (0.00E+00) / 10 0.0 \ 00 106400 | 10E+00 | 1.0E+00
Regenerant Sols. 0.00E+00 (0.00E+00) / 0.0 0.0 \ 0.0 1.0E+00 1.0E+00 1.0E+00

11.02-5

RAI 101, Question
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Table 3.5-7— Annual Liquid Effluent Releases (English Units)
(Page 1 of 2)

Enclosure 2

0'€ 1deyd Y3

06-¢

Boron Total Liquid " Detergent
Half-Life Primary Secondary | Recovery |MiscWastes| Secondary Turbine Waste Adjusted Wastes T
(days). uCiperml | pCiperml | System (Ci).| . -(Ci) {Ci) Building.(Ci).| Sources(Ci) { Total.(Ci/yr).| (Cilyr). | (Cilyr)
Activated Corrosion Products ' P
‘Na-24 | 6.25E-01 | 284E-02 | 3.40E-07 .00000 00104 | .00000 .00001 .00105 00616 00600 | .00620
Cr-51 2FGE+01 | 1.39E-03 1.96E-08 | .00000 00018 00000 .00000 .00018 00104 L ~.00000 .00100
Mn-54 3.03E402 | 7.09E04 | 9.66E-09 .00000 .00009 .00000 .00000 .00009 00054~ | .00000 .00054
Fe-55 9.50E+02 [\3.31E-04 | 7.28E-09 | .00000 00007 .00000 .00000 00007 | 00041 | 00000 | .00041
Fe-59 450E+01 | 133604 | 1.80E-09 .00000 00002 .00000 .00000 00002 1~ .00010 .00000 00010
Co-58 713E+01 | 204E-03N\] 284E-08 .00000 .00026 .00000 .00000 00027 00156 .00000 00160
Co-60 1926403 | 235E-04 | "SQ7E-09 | .00000 | .00003 .00000 00000 | 60003 .00018 .00000 00018
Zn-65 245E+02 | 226E-04 | 3.12BMQ | .00000 .00003 .00000 00000~ .00003 .00017 .00000 00017
W-187 ~ 9.96E-01 | 138E-03 | 1.73E-08 N .00000 ~.00008 .00000 00000 ~.00008 00047 .00000 00047
~ Np-239 235E+00 | 1.08E-03 144E-08 80000 00010 .00000 / ooooo | .oco10 00058 | 00000 | .00058
- ' S “\\_ FissionProducts - - B
Sr-89 5.20E+01 | 6.23E-05 | 8.52E-10 00000 \\,00001 06000 .00000 .00001 .00005 .00000 .00005
Sr-01 403E-01 | 641E-04 | 7.356-09 | .00000 .008Q1 ¢~ .00000 00000 | .00001 .00008 00000 | .00008
Y-91M 347602 | 5.09E-04 | 2.01E-09 .00000 .00 ,oa’\\ .00000 00000 .00001 .00005 | .00000 | .00005
Y-93 425E-01 | 277603 | 3.09E-08 .00000 /06006 \@ooo .00000 .00006 .00036 .00000 00036
Zr-95 6.50E+01 | 1.73E-04 | 239E-09 00000 -1 00002 | .0008Q_ .00000 .00002 00013 .00000 .00013
Nb-95 3.50E+01 | 1.25E-04 1.65E-09 00000 | 00002 | .00000 . .00000 | .00002 00010 | .00000 00010
Mo-99 279E+400 | 3.11E-03 | 4.19E-08 [ 00000 | .00030 00000 | 8Q000° 00030 00176 00000 00180
Tc-99m 2.50E-01 | 3.54E-03 | 347E08”| .00000 00029 .00000 .ooo‘o\ .00029 00171 .00000 00170
~ Ru-103 | 3.96E+01 | 334E-03 | 464608 .00000 00043 .00000 00000  T\_.00043 00252 ~.00000 00250
"Rh-103m | 3.96E-02 | 0.00E+00 1~ 0.00E+00 | .00000 00043 ~.00000 .00000 00043 00252 .00000 00250
Ru-106 3.67E+02 | 3.99 ;92’ 5.50E-07 .00001 00518 .00000 .00003 00522 ]  .03065 .00000 03100
~Rh-106 3.47E-04 E+00 | 0.00E+00 .00001 00518 .00000 ~.00003 00522 \3065 00000 | .03100
Ag-110m 25364021 576E-04 | 7.88E-09 .00000 | .00007 .00000 .00000 00008 | 00044 | 00000 | 00044
Ag-110 282804 | 0.00E+00 | 0.00E+00 .00000 .00001 .00000 .00000 .00001 00006 N .00000 .00006
Te-129m | 340E+01 | 8.48E-05 1.176-09 00000 | .00001 .00000 .00000 .00001 .00006 8Q000 .00006
Te-129 ~ | 479602 | 2.55E-02 1.286-07 00000 | .cooot .00000 00000 | .00001" .00004 00008, | .00004
Te-134M | 1256400 [ 7.98E-04 | 1.026-08 | .00000 | .00005 .00000 00000 | .00005 00032 | .00000 I\ 00032
Ae-131 174602 | 9.04E-03 | 2.07E-08 .00000 00001 .00000 .00000 .00001 .00006 00000 06006
131 8.0SE+00 | 207E-02 | 249E-07 00334 00243 .00000 .00002 .00580 03406 .00000 03400
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August 20, 2012

BNP-2012-197

Table 3.5-7— Annual Liquid Effluent Releases (English Units)

Enclosure 2

(Page 2 of 2)
Boron Total Liquid Detergent

Half-Life Primary | Secondary | Recovery |Misc Wastes| Secondary | Turbine Waste Adjusted Wastes otal
(days) | pCiperml | pCiperml | System(CD) |  (CI) (C)  |Building (CI) | Sources (CI) | Total (Cifyr) | (Cify—| (Cityr)
Te-132 E+00 | 8.15E-04 | 1.09€-08 .00000 .00008 .00000 .00000 .00008 00048 | —700000 00048
132 9.58E-02~]. 1.98E-01 | 1.34E-06 00001 00016 .00000 00002 .00020 00146 | .00000 00120
1133 875601 | 792602 | 887607 00175 00405 .00000 .00007 00587 _{— 03447 .00000 03400
Cs-134 749E+02 | 3.43E-03 [~.4.84E-08 .00000 00045 .00000 .00000 5 00264 .00000 00260
1-135 279601 | 190E-01 | 1.87E=06 | .00050 00194 .00000 00010~ 00253 01487 .00000 01500
Cs-136 1.30E+01 | 436E-04 | 6.12E-09 : .00005 .00000 : .00005 00031 .00000 00031
Cs-137 1.10E+04 | 4.54E-03 | 6.45E-08 .00000~_| .00059 00000~ | .00000 .00060 00350 .00000 00350
Ba-137m 1.77€03 | 0.00E+00 | 0.00E+00 00000 | 00055 | 700000 .00000 .00056 00327 .00000 00330
Ba-140 1.28E+01 | 588E-03 | 7.94E-08 .00000 00077~ .00000 .00000 00072 00423 .00000 00420
La-140 1.68E+00 | 1.28E-02 | 1.67E-07 00000+ .00130 .008aQ_ | 00001 00131 00767 .00000 00770
Ce-141 324E+01 | 6.70E-05 | 9.16E-10 | 06000 .00001 00000 ~-..00000 .00001 .00005 .00000 100005
Ce-143 138E+00 | 147603 | 1.86E-08— .00000 00010 .00000 00006 | 00010 00062 00000 00062
Pr-143 1.37E+01 | 0.00E+00 | O: .00000 00001 00000 .00000 1 00005 .00000 00005
Ce-144 284E+02 | 1.73E:03" | 2.38E-08 .00000 00022 .00000 .00000 00023~| 00133 .00000 00130
Pr-144 1.20E02_|-000E+00 | 0.00E+00 | .00000 00022 .00000 .00000 00023 | 00133 .00000 00130
AllOthers _— | 6.25E-01 | 1.89E-06 .00000 .00000 .00000 .00000 .00000 100002 . .00000 .00002
Total (ExceptFfitium) 1276400 | 7.93E-06 00563 02689 .00000 00033 03284 19284 00600 | 19000

_Teitium Release 1.66E+03 Curies per year e

: 0.00000 indicates that the value is less than 1.0E-05.

In

7-1

D

1

RAI 101, Question

1.02-5(a)
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August 20, 2012 BNP-2012-197 Enclosure 2
Insert 3.5.7-1
Total
Boron Turbine Liquid Adjusted | Detergent
Half-Life Primary Secondary | Recovery | Misc. Wastes | Secondary Buidling Waste Total Wastes Total
Radionuclide (days) pCi per mi pCi per mi (Ci) (Ci) (Ci) (Ci) (Ci) (Cilyr) (Cilyr) (Cilyr)
Corrosion And Activation Products
Na-24 6.25E-01 2.84E-02 3.40E-07 0.00000 0.00104 0.00000 0.00001 0.00105 0.00572 | 0.00000 | 0.0057
Cr-51 2.78E+01 1.39E-03 1.96E-08 0.00000 0.00018 0.00000 0.00000 0.00018 0.00096 | 0.00000 | 0.00096
Mn-54 3.03E+02 7.09E-04 9.66E-09 0.00000 0.00009 0.00000 0.00000 0.00009 0.00051 0.00000 | 0.00051
Fe-55 9.50E+02 5.31E-04 7.28E-09 0.00000 0.00007 0.00000 0.00000 0.00007 0.00038 | 0.00000 | 0.00038
Fe-59 4.50E+01 1.34E-04 1.80E-09 0.00000 0.00002 0.00000 0.00000 0.00002 0.00009 | 0.00000 | 0.00009
Co-58 7.13E+01 2.04E-03 2.84E-08 0.00000 0.00026 0.00000 0.00000 0.00027 0.00144 | 0.00000 | 0.0014
Co-60 1.92E+03 2.35E-04 3.27E-09 0.00000 0.00003 0.00000 0.00000 0.00003 0.00017 | 0.00000 | 0.00017
Zn-65 2.45E+02 2.26E-04 3.12E-09 0.00000 0.00003 0.00000 0.00000 0.00003 0.00016 | 0.00000 | 0.00016
W-187 9.96E-01 1.38E-03 1.73E-08 0.00000 0.00008 0.00000 0.00000 0.00008 0.00043 | 0.00000 | 0.00043
Np-239 2.35E+00 1.08E-03 1.44E-08 0.00000 0.0001 0.00000 0.00000 0.0001 0.00054 | 0.00000 | 0.00054
Fission Products
Sr-89 5.20E+01 6.23E-05 8.52E-10 0.00000 0.00001 0.00000 0.00000 0.00001 0.00004 | 0.00000 | 0.00004
Sr-91 4.03E-01 6.41E-04 7.35E-09 0.00000 0.00001 0.00000 0.00000 0.00001 0.00007 | 0.00000 | 0.00007
Y-91m 3.47E-02 5.09E-04 2.01E-09 0.00000 0.00001 0.00000 0.00000 0.00001 0.00005 | 0.00000 | 0.00005
Y-93 4.25E-01 2.77E-03 3.09E-08 0.00000 0.00006 0.00000 0.00000 0.00006 0.00033 | 0.00000 | 0.00033
Zr-95 6.50E+01 1.73E-04 2.39E-09 0.00000 0.00002 0.00000 0.00000 0.00002 | 0.00012 | 0.00000 | 0.00012 |
Nb-95 3.50E+01 1.25E-04 1.65E-09 0.00000 0.00002 0.00000 0.00000 0.00002 0.00009 | 0.00000 | 0.00009
Mo-99 2.79E+00 3.11E-03 4.19E-08 0.00000 0.00030 0.00000 0.00000 0.00030 0.00163 | 0.00000 | 0.00160
Tc-99m 2.50E-01 3.54E-03 3.47E-08 0.00000 0.00029 0.00000 0.00000 0.00029 0.00159 | 0.00000 | 0.00160
Ru-103 3.96E+01 3.34E-03 4.64E-08 0.00000 0.00043 0.00000 0.00000 0.00043 0.00234 | 0.00000 | 0.00230 |
Rh-103m 3.96E-02 0.00E+00 0.00E+00 0.00000 0.00043 0.00000 0.00000 0.00043 0.00234 | 0.00000 | 0.00230 |
Ru-106 3.67E+02 3.99E-02 5.50E-07 0.00001 0.00518 0.00000 0.00003 0.00522 | 0.02844 | 0.00000 | 0.02800
Rh-106 3.47E-04 0.00E+00 0.00E+00 0.00001 0.00518 0.00000 0.00003 0.00522 | 0.02844 | 0.00000 | 0.02800
Ag-110m 2.53E+02 5.76E-04 7.88E-09 0.00000 0.00007 0.00000 0.00000 0.00008 0.00041 0.00000 | 0.00041
Ag-110 2.82E-04 0.00E+00 0.00E+00 0.00000 0.00001 0.00000 0.00000 0.00001 0.00005 | 0.00000 | 0.00005
Te-129m 3.40E+01 8.48E-05 1.17E-09 0.00000 0.00001 0.00000 0.00000 0.00001 0.00006 | 0.00000 | 0.00006
Te-129 4.79E-02 2.55E-02 1.28E-07 0.00000 0.00001 0.00000 0.00000 0.00001 0.00004 | 0.00000 | 0.00004
Te-131m 1.25E+00 7.98E-04 1.02E-08 0.00000 0.00005 0.00000 0.00000 0.00005 0.00029 | 0.00000 | 0.00029 |
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August 20, 2012 BNP-2012-197 Enclosure 2

Total
Boron Turbine Liquid Adjusted | Detergent
Half-Life Primary Secondary | Recovery | Misc. Wastes Secondary Buidling Waste Total Wastes Total
Radionuclide (days) pCi per mi pCi per mi (Ci) (Ci) (Ci) (Ci) (Ci) (Cilyr) (Cilyr) (Cilyr)

Te-131 1.74E-02 9.04E-03 2.07E-08 0.00000 0.00001 0.00000 0.00000 0.00001 0.00005 0.00000 | 0.00005

1-131 8.05E+00 2.07E-02 2.49E-07 0.00403 0.00243 0.00000 0.00002 0.00649 0.03536 0.00000 | 0.03500
Te-132 3.25E+00 8.15E-04 1.09E-08 0.00000 0.00008 0.00000 0.00000 0.00008 0.00045 0.00000 | 0.00045 |

1132 9.58E-02 1.98E-01 1.34E-06 0.00003 0.00016 0.00000 0.00002 0.00021 0.00114 0.00000 | 0.00110
1133 8.75E-01 7.92E-02 8.87E-07 0.00360 0.00405 0.00000 0.00007 0.00773 0.04209 | 0.00000 | 0.04200 |
Cs-134 7.49E+02 3.43E-03 4.84E-08 0.00000 0.00045 0.00000 0.00000 0.00045 0.00245 | 0.00000 | 0.00250 |

1-135 2.79E-01 1.90E-01 1.81E-06 0.00106 0.00194 0.00000 0.00010 0.00310 0.01689 0.00000 | 0.01700
Cs-136 1.30E+01 4.36E-04 6.12E-09 0.00000 0.00005 0.00000 0.00000 0.00005 0.00029 | 0.00000 | 0.00029 |

Cs-137 1.10E+04 4.54E-03 6.45E-08 0.00000 0.00059 0.00000 0.00000 0.00060 0.00325 | 0.00000 | 0.00330

Ba-137m 1.77E-03 0.00E+00 0.00E+00 0.00000 0.00055 0.00000 0.00000 0.00056 0.00304 | 0.00000 | 0.00300

Ba-140 1.28E+01 5.88E-03 7.94E-08 0.00000 0.00072 0.00000 0.00000 0.00072 0.00393 0.00000 | 0.00390

La-140 1.68E+00 1.28E-02 1.67E-07 0.00000 0.00130 0.00000 0.00001 0.00131 0.00712 | 0.00000 | 0.00710

Ce-141 3.24E+01 6.70E-05 9.16E-10 0.00000 0.00001 0.00000 0.00000 0.00001 0.00005 0.00000 | 0.00005

Ce-143 1.38E+00 1.47E-03 1.86E-08 0.00000 0.00010 0.00000 0.00000 0.00010 0.00057 0.00000 | 0.00057

Pr-143 1.37E+01 0.00E+00 0.00E+00 0.00000 0.00001 0.00000 0.00000 0.00001 0.00005 0.00000 | 0.00005
Ce-144 2.84E+02 1.73E-03 2.38E-08 0.00000 0.00022 0.00000 0.00000 0.00023 0.00123 0.00000 | 0.00120 |
Pr-144 1.20E-02 0.00E+00 0.00E+00 0.00000 0.00022 0.00000 0.00000 0.00023 | 0.00123 0.00000 | 0.00120 |

ALL Others 6.25E-01 1.89E-06 0.00000 0.00000 0.00000 0.00000 0.00000 0.00002 | 0.00000 | 0.00002

Total (Except For Tritium) 1.27E+00 7.93E-06 0.00876 0.02689 0.00000 0.00033 0.03597 0.19597 | 0.00000 | 0.19000

Tritium Releases 1660 Curies Per Year
Note: 0.00000 Indicates That The Values Is Less Than 1.0E-05.
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August 20, 2012

BNP-2012-197

Table 3.5-7— Annual Liquid Effluent Releases (Sl Units)

(Page 1 0of 2)

Enclosure 2

Total Liquid
Boron Turbine Waste Adjusted | Detergent
- -Half-Life | Primary.Bq/.| Secondary |. Recovery |Misc Wastes| Secondary | Building Sources. | Total (Bq/ |Wastes.(Bq/
Radionusljde (days) ml Bg/ml | System (Bq) (Bq) (Bq) (Bq) (Bq) yr) yr) ~|Total (Bqur)
T N ' " Activated Corrosion Products i
Na-24 \\5255-01 1056403 | 1.26E-02 | 0.00E+00 | 3.85E+07 | O.00E+00 | 3.70E+05 | 3.89E+07 | 228E+08 | -G.00E+00 | 2.29E+08
Cr-51 2.786+01 | 5.14E+01 | 7.256-04 | 0.00E+00 | 6.66E+06 | 0.00E+00 | O0.00E+00 | 6.66E+06 | 3.85E407” | 0.00E+00 | 3.70E+07
Mn-54 3.03E+02N] 262E+01 | 3.576-04 | 0.00E+00 | 3.33E+06 | 0.00E+00 | 0.00E+00 | 3.33E+06 | 200E+07 | 0.00E+00 | 2.00E+07
~ Fe-55 9.50E+02 | TQGE+01 | 2.69E-04 | O0.00E+00 | 2.59E+06 | 0.00E+00 | O0.00E+00 | 2.50E+06 1~ 1526407 | 0.00E+00 | 1.52E+07
- Fe-59 | 450E+01 | 4.96E76Q | 6.66E-05 | 0.00E+00 | 7.40E+05 | 0.00E+00 | O0.00E+00 | 7.40p#05 | 3.70E406 | 0.00E+00 | 3.70E+06
Co-58 7.13E+01 [ 7.55E401 YN1:05E-03 | 0.00E+00 | 9.62E+06 | 0.00E+00 | 0.00F+00 | 9B9E+06 | 5.77E+07 | 0.00E+00 | 5.92E+07
- Co-60 1.92E+03 | 870E+00 | 12904 | O0.00E+00 | 1.11E+06 | 0.00E+00 | 0.00E+0 1.11E+06 | 6.66E+06 | 0.00E+00 | 6.66E+06
Zn-65 2456402 | B36E+00 | 1.15E-O 0.00E+00 | 1.11E+06 | 0.00E+00 | 0.QOF+00 | 1.11E+06 | 6.29E+06 | O0.00E+00 | 6.29E+06
- w-187 9.96E-01 | S5.11E+01 | 640E04 | QQOE+00 | 296E+06 | 0.00E+00 L-D.00E+00 | 2.96E+06 | 1.74E+07 | 0.00E+00 | 1.74E+07
Np-239 | 235E+00 | -4.00E+01 | 5.33E-04 | 0.00BMQ0 | 3.70E+06 ooora;eo’ 0.00E+00 | 3.70E+06 | 2.15E+07 | O0.00E+00 | 2.15E+07
— — \nsmnpmducy e
~ 5r-89 520E+01 | 231E+00 | 3.15E-05 | 0.00E+00 | 3WQE+05 1 0.00E+00 | 0.00E+00 | 3.70E+05 | 1.85E+06 | 0.00E+00 | 1.85E+06
© 591 403E-01 | 237E+01 | 272E-04 | 0.00E+00 | 3.70 ,5265\ 0.00E+00 | O0.00E+00 | 3.70E+05 | 2.96E+06 | 0.00E+00 | 2.96E+06
Y-91M 347E-02 | 1.88E+01 | 7.44E-05 | 0.00E+00 | 370E+05 [NQ.00E+00 [ 0.00E+00 | 3.70E+05 | 1.85E+06 | 0.00E+00 | 1.85E+06
- Y-93 | 4256-01 | 1.02E+02 | 1.14E-03 | 0.00E+09”| 222E+06 | 0.00E400 | O0.00E+00 | 222E+06 | 1.33E+07 | O0.00E+00 | 1.33E+07
Zr-95 6.50E+01 [ 6.40E+00 | 8.84E-05 | 00BE+00 | 740E+05 | 0.00E+0DN| O0.00E+00 | 7.40E+05 | 4.81E+06 | D.00E+00 | 4.81E+06
~ Nb-95 3.50E+01 | 463E+00 | 6.11E-05 }0.00E+00 | 7.40E+05 | 0.00E+00 | “BQOE+00 | 7.40E+05 | 3.70E+06 | 0.00E+00 | 3.70E+06
Mo-99 279400 | 1156402 | 1.55E63 | 0.00E+00 | 1.11E+07 | 0.00E+00 | 0.00BQ0 | 1.11E+07 | 651E+07 | 0.00E+00 [ 6.66E+07
Tc-99m 25001 | 131E+02 | JJBE-03 | O0.00E+00 | 1.07E+07 | 0.00E+00 | O0.00E+00N 1.07E+07 | 633E+07 | 0.00E+00 | 6.29E+07
Ru-103 396E+01 | 1.24E+02-1 1.72€-03 | 0.00E+00 | 159E+07 | 0.00E+00 | 0.00E+00 | TSQE+07 | 932E+07 | 0.00E+00 | 9.25E+07
Rh-103m | 3.96E-02 | 0.00B400 | O0.00E+00 | 0.00E+00 | 1.59E+07 | 0.00E+00 | 000E+00 [ 1.59E+0% | 932E+07 | 0.00E+00 | 9.25E+07
Ru-106 | 3.67E+02 /1’ 48E+03 | 204E-02 | 3.70E+05 | 1.92E+08 | 0.00E+00 | 1.11E+06 | 1.93E+08 [N\J13E+09 | 0.00E+00 | 1.15E+09
‘Rh-106 347604 | O000E+00 | 0.00E+00 | 3.70E+05 | 1.92E+08 | 0.00E+00 | 1.11E+06 | 1.93E+08 | 1.136409 | 0.00E+00 | 1.15E+09
Ag-110m E+02 | 213E401 | 292E-04 | O0.00E+00 | 259E+06 | O0.00E+00 | O0.00E+00 [ 2.96E+06 | 1.63E+07\] 0.00E+00 [ 1.63E+07
. Ag-110 282604 | 0.00E+00 | O.00E+00 | 0.00E+00 | 3.70E+05 | O0.00E+00 | 0.00E+00 | 3.70E+05 | 222E+06 | WQOE+00 | 2.22E+06
Te-1 299/ 340E+01 | 3.14E+00 | 4.33E-05 | O0.00E+00 | 3.70E+05 | 0.00E+00 | O0.00E+00 | 3.70E+05 | 2.22E+06 | 0.00E¥QQ | 2.22E+06
Te-129 479E-02 | 9.44E+02 | 474E-03 | OO00E+00 | 3.70E+05 | 0.O00E+00 | O0.00E+00 | 3.70E+05 | 148E+06 | 0.00E+00 “\ 1.48E+06
/fe-131m [ 1.25E+00 [ 295E+01 | 377E-04 | 0.00E+00 | 1.85E+06 | 0.00E+00 | 0.00E+00 | 1.85E+06 | 1.18E+07 | 0.00E+00 | T118E+07
|~ Te-131 1.74E-02 | 3.34E402 | 7.66E<04 | 0.00E+00 | 3.70E+05 | O0.00E+00 | 0.00E+00 | 3.70E+05 | 222E+06 | 0.00E+00 2225+‘os\
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August 20, 2012

BNP-2012-197

Table 3.5-7— Annual Liquid Effluent Releases (SI Units)

Enclosure 2

(Page 2 of 2)
Total Liquid
Boron Turbine Waste Adjusted | Detergent
Half-Life | Primary Bg/ | Secondary | Recovery |Misc Wastes| Secondary | Building Sources Total (Bg/ | Wastes
Radionuclide (days) ml Bg/ml__ | System(Bq)| (Bq) (Bq) (Bq) (Bq) yr /m}w Total (Bg/yr)
131 E+00 | 7.66E+02 | 9.21E-03 | 124E+08 | B8.99E+07 | 0.00E+00 | 7.40E+05 | 2.15E+08 | 1.26E+09~ 0.00E+00 | 1.26E+09
Te-132 325E+00~ 3.02E+01 | 4.03E-04 | 0.00E+00 | 2.96E+06 | 0.00E+00 | 0.00E+00 | 2.96E+06 | 1.78E+07 | 0.00E+00 | 1.78E+07
132 9.58E-02 | 7338403 | 4.96E-02 | 3.70E+05 | 5926406 | O0.00E+00 | 7.40E+05 | 7.40E+ 429E+07 | O0.00E+00 | 4.44E+07
1133 8.75E-01 | 293E+03 “|N\3.28E-02 | 648E+07 | 1.50E+08 | O0.00E+00 | 2.59E+06 | 217E+08 | 128E+09 | 0.00E+00 | 1.26E+09
Cs-134 749E+02 | 1276402 | 179803 | 0.00E+00 | 1.67E+07 | O0.00E+00 | 0.00Es00” | 1.67E+07 | 9.77E+07 | 0.00E+00 | 9.62E+07
135 279E-01 | 7.03E+03 | 6.70E-02 [~185E+07 | 7.18E+07 | O0.00E+00 | 3770E+06 | 9.36E+07 | 550E+08 | 0.00E+00 | 5.55E+08
Cs-136 130E+01 | 1.61E+01 | 2.26E-04 | 0.00E¥6Q_| 185E+06 | 0.00E+00 | 0.00E+00 | 1.856+06 | 1.15E+07 | 0.00E+00 | 1.15E+07
Cs-137 1.10E+04 | 1.68E+02 | 2.39E-03 | 0.00E+00 8E+07 | -UO0E+00 | 0.00E+00 | 222E+07 | 1.30E+08 | O0.00E+00 | 1.30E+08
Ba-137m 177603 | 000E+00 | O0.00E+00 | O0.00E+00 | 2.04E#07. | O0.00E+00 | 0.00E+00 | 2.07E+07 | 121E+08 | O0.00E+00 | 1.22E+08
Ba-140 128E+01 | 2.18E+02 | 2.94E-03 | OO0OE+00_| 2.66E+07 | USQE+00 | O.00E+00 | 266E+07 | 1.57E+08 | O0.00E+00 | 1.55E+08
La-140 1.68E+00 | 474E+02 | 6.18E-03 | 000E%00 | 481E+07 | 0.00E+00~] 3.70E+05 | 4856407 | 2.84E+08 | 0.00E+00 | 285E+08
Ce-141 324E+01 | 248E+00 | 339E-05-{ 0.00E+00 | 370E+05 | O0.00E+00 | ODGE+00 | 3.70E+05 | 185E+06 | O0.00E+00 | 1.85E+06
Ce-143 138E+00 | 544E+01 | 688E-04 | O0O00E+00 | 3.70E+06 | O0.00E+00 | 0.00E+00™~| 3.70E+06 | 229E+07 | 0.00E+00 | 2.29E+07
Pr-143 1376401 | 0.00E+Q0~| O0.00E+00 | 0.00E+00 | 3.70E+05 | 0.00E+00 | 0.00E+00 | 3. 1.85E+406 | 0.00E+00 | 1.85E+06
Ce-144 284E+02 | _640E+01 | 8.81E-04 | 0.00E+00 | 8.14E+06 | O0.00E+00 | O0.00E+00 | B8.51E+06 [~4.92E+07 | 0.00E+00 | 481E+07
Pr-144 12 0.00E+00 | O0OE+00 | 0.00E+00 | 8.14E+06 | 0.00E+00 | 0.00E+00 | 8.51E+06 | 4.92B+07 | 0.00E+00 | 481E+07
All Others_— 231E404 | 6.99E-02 | O0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | O0.00E+00 | 7.40E+05 [~QQ0E+00 | 7.40E+05
Total (Excepf Tritium) 4706404 | 293E-01 | 208E+08 | 9.95E+08 | 0.00E+00 | 1.22E+07 | 1.22E+09 | 7.14E+09 7.03E+09
~_Aritium Release 6.14E+13 Becquerel per year
- 0.00000 indicates that the-value is less than 1.0E-05. TN

Insert 3.5-7-2

i

RAI 101, Question
11.02.5(a)
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August 20, 2012 BNP-2012-197 Enclosure 2
Insert 3.5.7-2
Total
Boron Misc. Turbine Liquid Adjusted Detergent
Half-Life | Primary | Secondary | Recovery Waste: Secondary | Buidling Waste Total Wastes Total
Radionuclide | (days) | Bgperml | Bgperml (Ba) (Bq) (Ba) (Ba) (Ba) (Balyr) (Bglyr) (Balyr)
Corrosion And Activation Products

Na-24 6.25E-01 | 1.05E+03 | 1.26E-02 | 0.00E+00 | 3.85E+07 | 0.00E+00 | 3.70E+05 | 3.89E+07 | 2.12E+08 | 0.00E+00 | 2.11E+08
Cr-51 2.78E+01 | 5.14E+01 | 7.25E-04 | 0.00E+00 | 6.66E+06 | 0.00E+00 | 0.00E+00 | 6.66E+06 | 3.55E+07 | 0.00E+00 | 3.55E+07
Mn-54 3.03E+02 | 2.62E+01 | 3.57E-04 | 0.00E+00 | 3.33E+06 | 0.00E+00 | 0.00E+00 | 3.33E+06 | 1.89E+07 | 0.00E+00 | 1.89E+07
Fe-55 9.50E+02 | 1.96E+01 | 2.69E-04 | 0.00E+00 | 2.59E+06 | 0.00E+00 | 0.00E+00 | 2.59E+06 | 1.41E+07 | 0.00E+00 | 1.41E+07
Fe-59 4.50E+01 | 4.96E+00 | 6.66E-05 | 0.00E+00 | 7.40E+05 | 0.00E+00 | 0.00E+00 | 7.40E+05 | 3.33E+06 | 0.00E+00 | 3.33E+06
Co-58 7.13E+01 | 7.55E+01 | 1.05E-03 | 0.00E+00 | 9.62E+06 | 0.00E+00 | 0.00E+00 | 9.99E+06 | 5.33E+07 | 0.00E+00 | 5.18E+07
Co-60 1.92E+03 | 8.70E+00 | 1.21E-04 | 0.00E+00 | 1.11E+06 | 0.00E+00 | 0.00E+00 | 1.11E+06 | 6.29E+06 | 0.00E+00 [ 6.29E+06
Zn-65 2.45E+02 | 8.36E+00 | 1.15E-04 | 0.00E+00 | 1.11E+06 | 0.00E+00 | 0.00E+00 | 1.11E+06 | 5.92E+06 | 0.00E+00 | 5.92E+06

W-187 9.96E-01 | 5.11E+01 | 6.40E-04 | 0.00E+00 | 2.96E+06 | 0.00E+00 | 0.00E+00 | 2.96E+06 | 1.59E+07 | 0.00E+00
Np-239 2.35E+00 | 4.00E+01 | 5.33E-04 | 0.00E+00 | 3.70E+06 | 0.00E+00 | 0.00E+00 | 3.70E+06 | 2.00E+07 | 0.00E+00 | 2.00E+07

Fission Products

Sr-89 520E+01 | 2.31E+00 | 3.15E-05 | 0.00E+00 | 3.70E+05 | 0.00E+00 | 0.00E+00 | 3.70E+05 | 1.48E+06 | 0.00E+00
Sr-91 4.03E-01 | 2.37E+01 | 2.72E-04 | 0.00E+00 | 3.70E+05 | 0.00E+00 | 0.00E+00 | 3.70E+05 | 2.59E+06 | 0.00E+00 [ 2.59E+06

Y-91m 3.47E-02 | 1.88E+01 | 7.44E-05 | 0.00E+00 | 3.70E+05 | 0.00E+00 | 0.00E+00 | 3.70E+05 | 1.85E+06 | 0.00E+00

Y-93 425E-01 | 1.02E+02 | 1.14E-03 | 0.00E+00 | 2.22E+06 | 0.00E+00 | 0.00E+00 | 2.22E+06 | 1.22E+07 | 0.00E+00
Zr-95 6.50E+01 | 6.40E+00 | 8.84E-05 | 0.00E+00 | 7.40E+05 | 0.00E+00 | 0.00E+00 | 7.40E+05 | 4.44E+06 | 0.00E+00 | 4.44E+06
Nb-85 3.50E+01 | 4.63E+00 | 6.11E-05 | 0.00E+00 | 7.40E+05 | 0.00E+00 | 0.00E+00 | 7.40E+05 | 3.33E+06 | 0.00E+00 | 3.33E+06
Mo-99 2.79E+00 | 1.15E+02 | 1.55E-03 | 0.00E+00 | 1.11E+07 | 0.00E+00 | 0.00E+00 | 1.11E+07 | 6.03E+07 | 0.00E+00 | 5.92E+07
Tc-99m 2.50E-01 | 1.31E+02 | 1.28E-03 | 0.00E+00 | 1.07E+07 | 0.00E+00 | 0.00E+00 | 1.07E+07 | 5.88E+07 | 0.00E+00 | 5.92E+07
Ru-103 3.96E+01 | 1.24E+02 | 1.72E-03 | 0.00E+00 | 1.59E+07 | 0.00E+00 | 0.00E+00 | 1.59E+07 | 8.66E+07 | 0.00E+00 | 8.51E+07
Rh-103m | 3.96E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.59E+07 | 0.00E+00 | 0.00E+00 | 1.59E+07 | 8.66E+07 | 0.00E+00 | 8.51E+07

Ru-106 3.67E+02 | 1.48E+03 | 2.04E-02 | 3.70E+05 | 1.92E+08 | 0.00E+00 | 1.11E+06 | 1.93E+08 | 1.05E+09 | 0.00E+00

Rh-106 3.47E-04 | 0.00E+00 | 0.00E+00 | 3.70E+05 | 1.92E+08 | 0.00E+00 | 1.11E+06 | 1.93E+08 | 1.05E+09 | 0.00E+00

Ag-110m | 2.53E+02 | 2.13E+01 | 2.92E-04 | 0.00E+00 | 2.59E+06 | 0.00E+00 | 0.00E+00 | 2.96E+06 | 1.52E+07 | 0.00E+00
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August 20, 2012 BNP-2012-197 Enclosure 2
Total
Boron Misc. Turbine Liquid Adjusted Detergent
Half-Life | Primary | Secondary | Recovery Wastes Secondary | Buidling Waste Total Wastes Total
| Radionuclide | (days) | Bgperml | Bg perml (Bq) (Ba) (Bq) (Ba) (Bq) (Balyr) (Balyr) (Balyr)
Ag-110 2.82E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.70E+05 | 0.00E+00 | 0.00E+00 | 3.70E+05 | 1.85E+06 | 0.00E+00 | 1.85E+06
Te-129m | 340E+01 | 3.14E+00 | 4.33E-05 | 0.00E+00 | 3.70E+05 | 0.00E+00 | 0.00E+00 | 3.70E+05 | 2.22E+06 | 0.00E+00 | 2.22FE+06
Te-129 4.79E-02 | 9.44E+02 | 4.74E-03 | 0.00E+00 | 3.70E+05 | 0.00E+00 | 0.00E+00 | 3.70E+05 | 1.48E+06 | 0.00E+00 | 1.48E+06
Te-131m | 1.25E+00 | 2.95E+01 | 3.77E-04 | 0.00E+00 | 1.85E+06 | 0.00E+00 | 0.00E+00 | 1.85E+06 | 1.07E+07 | 0.00E+00 | 1.07E+07
Te-131 1.74E-02 | 3.34E+02 | 7.66E-04 | 0.00E+00 | 3.70E+05 | 0.00E+00 | 0.00E+00 | 3.70E+05 | 1.85E+06 | 0.00E+00 | 1.85E+06
1131 8.05E+00 | 7.66E+02 | 9.21E-03 | 1.49E+08 | 8.99E+07 | 0.00E+00 | 7.40E+05 | 2.40E+08 | 1.31E+09 | 0.00E+00 [ 1.30E+09
Te-132 3.25E+00 | 3.02E+01 | 4.03E-04 | 0.00E+00 | 2.96E+06 | 0.00E+00 | 0.00E+00 | 2.96E+06 | 1.67E+07 | 0.00E+00 | 1.67E+07
1-132 9.58E-02 | 7.33E+03 | 4.96E-02 | 1.11E+06 | 5.92E+06 | 0.00E+00 | 7.40E+05 | 7.77E+06 | 4.22E+07 | 0.00E+00 |4.07E+07
1-133 8.75E-01 | 2.93E+03 | 3.28E-02 | 1.33E+08 | 1.50E+08 | 0.00E+00 | 2.59E+06 | 2.86E+08 | 1.56E+09 | 0.00E+00 | 1.55E+09
Cs-134 7.49E+02 | 1.27E+02 | 1.79E-03 | 0.00E+00 | 1.67E+07 | 0.00E+00 | 0.00E+00 | 1.67E+07 | 9.07E+07 | 0.00E+00 | 9.25E+07
1-135 2.79E-01 | 7.03E+03 | 6.70E-02 | 3.92E+07 | 7.18E+07 | 0.00E+00 | 3.70E+06 | 1.15E+08 | 6.25E+08 | 0.00E+00 | 6.29E+08
Cs-136 1.30E+01 | 1.61E+01 | 2.26E-04 | 0.00E+00 | 1.85E+06 | 0.00E+00 | 0.00E+00 | 1.85E+06 | 1.07E+07 | 0.00E+00 | 1.07E+07
Cs-137 1.10E+04 | 1.68E+02 | 2.39E-03 | 0.00E+00 | 2.18E+07 | 0.00E+00 | 0.00E+00 | 2.22E+07 | 1.20E+08 | 0.00E+00 | 1.22E+08
Ba-137m 1.77E-03 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.04E+07 | 0.00E+00 | 0.00E+00 | 2.07E+07 | 1.12E+08 | 0.00E+00 | 1.11E+08
Ba-140 1.28E+01 | 2.18E+02 | 2.94E-03 | 0.00E+00 | 2.66E+07 | 0.00E+00 | 0.00E+00 | 2.66E+07 | 1.45E+08 | 0.00E+00 | 1.44E+08
La-140 1.68E+00 | 4.74E+02 | 6.18E-03 | 0.00E+00 | 4.81E+07 | 0.00E+00 | 3.70E+05 | 4.85E+07 | 2.63E+08 | 0.00E+00 | 2.63E+08
Ce-141 3.24E+01 | 2.48E+00 | 3.39E-05 | 0.00E+00 | 3.70E+05 | 0.00E+00 | 0.00E+00 | 3.70E+05 | 1.85E+06 | 0.00E+00 | 1.85E+06
Ce-143 1.38E+00 | 5.44E+01 | 6.88E-04 | 0.00E+00 | 3.70E+06 | 0.00E+00 | 0.00E+00 | 3.70E+06 | 2.11E+07 | 0.00E+00 |2.11E+07
Pr-143 1.37E+01 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.70E+05 | 0.00E+00 | 0.00E+00 | 3.70E+05 | 1.85E+06 | 0.00E+00 | 1.85E+06
Ce-144 2.84E+02 | 6.40E+01 | 8.81E-04 | 0.00E+00 | 8.14E+06 | 0.00E+00 | 0.00E+00 | 8.51E+06 | 4.55E+07 | 0.00E+00 | 4.44E+07
Pr-144 1.20E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 8.14E+06 | 0.00E+00 | 0.00E+00 | 8.51E+06 | 4.55E+07 | 0.00E+00 | 4.44E+07
ALL Others 2.31E+04 | 6.99E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 7.40E+05 | 0.00E+00 [ 7.40E+05
Total (Except For Tritium) | 4.70E+04 | 2.93E-01 | 3.24E+08 | 9.95E+08 | 0.00E+00 | 1.22E+07 | 1.33E+09 | 7.25E+09 | 0.00E+00 | 7.03E+09
Tritium Releases 6.14E+13
Note: 0.00000 Indicates That The Values Is Less Than 1.0E-05.
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August 20, 2012 BNP-2012-197

Table 3.5-8— Annual Gaseous Effluent Releases (English Units)("

Enclosure 2

RAI 101, Question

(Page 1 0f 4) 11.02-3(1-4)
Building Ventilation Main
Primary Secondary Nuclear Blowdown Condenser
Radionuclide Coolant Coolant Fuel Reactor Auxiliary Turbine Vent. Offgas Removal Total
(uCi/gm) (uCi/gm) (Ci/yr) (Cityr) (Ci/yr) (Ciyr) (Ciyr) (Ci/yr) (Cityr)
11131 2.070E-02 2.510E-07 2.7E-04 1.9E-03 6.6E-03 0.0E+00 0.0E+00 0.0E+00 8.8E-03
1-133 7.917E-02 8.929E-07 1.0E-03 5.9E-03 2.5E-02 0.0E+00 0.0E+00 0.0E+00 3.2E-02
H-3 Released via Gaseous Pathway 1.8E+02
C-14 Released via Gaseous Pathway 1.89E+01 (3:8E+66)2)
Ar-41 Released via Gaseous Pathway 3.4E+01
Radionuclide Primary Secondary Gas Stripping Building Ventilation Blowdown Main Total
Coolant Coolant Shutdown | Continuous Reactor Nuclear Turbine | Vent.Offgas | Condenser
Auxiliary Removal
(uCi/gm) (uCi/gm) (Cityn) (Cityr) (Ci/yr) (Ci/yr) (Ci/yr) (Ci/yr) (Ci/yr) (Cityr)
Kr-85m 2.006E-01 2.945E-08 0.0E+00 2.0E+00 1.4E+02 4.0E+00 0.0E+00 0.0E+00 2.0E+00 1.5E+02
Kr-85 3.854E-01 5.512E-08 2.1E+02 1.7E+03 9.1E+02 8.0E+00 0.0E+00 0.0E+00 4.0E+00 2.8E+03
Kr-87 1.884E-01 2.603E-08 0.0E+00 0.0E+00 5.0E+01 4.0E+00 0.0E+00 0.0E+00 2.0E+00 5.6E+01
Kr-88 3.513E-01 5.115E-08 0.0E+00 0.0E+00 1.8E+02 7.0E+00 0.0E+00 0.0E+00 4.0E+00 1.9E+02
Xe-131m 8.272E-01 1.174E-07 8.8E+01 7.0E+02 1.9E+03 1.8E+01 0.0E+00 0.0E+00 8.0E+00 2.7E4+03
Xe-133m 8.568E-02 1.269E-08 0.0E+00 0.0E+00 1.7E+02 2.0E+00 0.0E+00 0.0E+00 0.0E+00 1.7E+02
Xe-133 3.090E+00 4.435E-07 4.4E+01 3.5E+02 6.8E+03 6.6E+01 0.0E+00 0.0E+00 3.1E+01 7.3E+03
Xe-135m 1.633E-01 2.344E-08 0.0E+00 0.0E+00 1.0E+01 3.0E+00 0.0E+00 0.0E+00 2.0E+00 1.5E+01
Xe-135 1.063E+00 1.555E-07 0.0E+00 0.0E+00 1.2E+03 2.3E401 0.0E+00 0.0E+00 1.1E+01 1.2E+03
Xe-137 4.272E-02 6.164E-09 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Xe-138 1.508E-01 2.170E-08 0.0E+00 0.0E+00 8.0E+00 3.0E+00 0.0E+00 0.0E+00 1.0E+00 1.2E+01
Total Noble Gases 15404
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Enclosure 2

August 20, 2012 BNP-2012-197

® Table 3.5-8— Annual Gaseous Effluent Releases (Sl Units)" RAI 101, Question 2y
5 (Page 3 of 4) 11.02-3(1-4) Q
g
Building Ventilation Main o
Primary Secondary Nuclear Blowdown Condenser g
Radionuclide Coolant Coolant Fuel Reactor Auxiliary Turbine Vent. Offgas Removal Total
(Ba/gm) (Bg/gm) (Ba/yr) (Ba/yn) (Ba/yr) (Ba/yr) (Basyr) (Ba/yr) (Ba/yr
1131 7.66E+02 9.29E-03 1.00E+07 7.00E+07 2.40E+08 0.00E+00 0.00E+00 0.00E+00 3.30E+08
1-133 2.93E+03 3.30E-02 3.70E+07 2.20E+08 9.30E+08 0.00E+00 0.00E+00 0.00E+00 1.20E+0P
H-3 Released via Gaseous Pathway 6.70E+
o C-14 Released via Gaseous Pathway 7.0E+11 4-48E++H12
§ Ar-41 Released via Gaseous Pathway 1.30E+12
= Radionuclide Primary Secondary Gas Stripping Building Ventilation Blowdown Main Total
2 Coolant Coolant Shutdown | Continuous Reactor Nuclear Turbine | Vent.Offgas | Condenser
s Auxiliary Removal
g (Ba/gm) (Bg/gm) (Ba/yr) (Bay/yr) (Ba/yr) (Ba/yr) (Ba/yr) (Ba/yr) (Ba/yr) (Ba/yr)
% z Kr-85m 7.42E+03 1.09E-03 0.00E+00 7.40E+10 5.18E+12 1.48E+11 0.00E+00 0.00E+00 7.40E+10 5.55E+12
% % Kr-85 1.43E+04 2.04E-03 7.77E+12 6.29E+13 3.37E+13 2.96E+11 0.00E+00 0.00E+00 1.48E+11 1.04E+14
% ,—,‘(“ g Kr-87 6.97E+03 9.63E-04 0.00E+00 0.00E+00 1.85E+12 1.48E+11 0.00E+00 0.00E+00 7.40E+10 2.07E+12
§ %‘ - Kr-88 1.30E+04 1.89E-03 0.00E+00 0.00E+00 6.66E+12 2.59E+11 0.00E+00 0.00E+00 1.48E+11 7.03E+12
A = Xe-131m 3.06E+04 4.34E-03 3.26E+12 2.59E+13 7.03E+13 6.66E+11 0.00E+00 0.00E+00 2.96E+11 9.99E+13
At
o 2 Xe-133m 3.17E+03 4.70E-04 0.00E+00 0.00E+00 6.29E+12 7.40E+10 0.00E+00 0.00E+00 0.00E+00 6.29E+12
é_'. Xe-133 1.14E+05 1.64E-02 1.63E+12 1.30E+13 2.52E+14 2.44E+12 0.00E+00 0.00E+00 1.15E+12 2.70E+14
Z Xe-135m 6.04E+03 8.67E-04 0.00E+00 0.00E+00 3.70E+11 1T.11E+1T 0.00E+00 0.00E+00 7.40E+10 5.55E+11
g Xe-135 3.93E+04 5.75E-03 0.00E+00 0.00E+00 4.44E+13 8.51E+11 0.00E+00 0.00E+00 4.07E+11 4.44E+13
§ Xe-137 1.58E+03 2.28E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2
) Xe-138 5.58E+03 8.03E-04 0.00E+00 0.00E+00 2.96E+11 T.11E+11 0.00E+00 0.00E+00 3.70E+10 4.44E+11 g‘
Total Noble Gases 5.60E+14 a
™
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August 20, 2012 BNP-2012-197

ER: Chapter 3.0

Enclosure

2

Radwaste Systems and Source Terms

Table 3.5-8— Annual Gaseous Effluent Releases (Sl Units)("

(Page 4 of 4)
Airborne Particulate Release Rate (Bq/yr)
Nuclear Auxiliary

Radionuclide Waste Gas System | Reactor Building Building Fuel Building Total
Cr-51 5.2E4+03 3.4E+06 1.2E+05 6.7E+04 3.6E+06
Mn-54 7.8E+02 2.0E+06 2.9E+04 1.1E+05 2.1E+06
Co-57 0.0E+00 3.0E+05 0.0E+00 0.0E+00 3.0E+05
Co-58 3.2E+03 9.3E+06 7.0E+05 7.8E+06 1.8E+07
Co-60 5.2E+03 9.6E+05 1.9E+05 3.0E+06 4.1E+06
Fe-59 6.7E+02 1.0E+06 1.9E+04 0.0E+00 1.0E+06
Sr-89 1.6E+04 4.8E+06 2.8E+05 7.8E+05 5.9E+06
Sr-90 6.3E+03 1.9E+06 1.1E+05 3.0E+05 2.3E+06
Zr-95 1.8E+03 0.0E+00 3.7E+05 1.3E+03 3.7E+05
Nb-95 1.4E+03 6.7E+05 1.1E+04 8.9E+05 1.6E+06
Ru-103 1.2E+03 5.9E+05 8.5E+03 1.4E+04 6.3E+05
Ru-106 1.0E+03 0.0E+00 2.2E+03 2.6E+04 2.9E+04
Sb-125 0.0E+00 0.0E+00 1.4E+03 2.1E+04 2.3E+04
Cs-134 1.2E+04 9.3E+05 2.0E+05 6.3E+05 1.8E+06
Cs-136 2.0E+03 1.2E+06 1.8E+04 0.0E+00 1.2E+06
Cs-137 2.8E+04 2.0E+06 2.7E+05 1.0E+06 3.3E+06
Ba-140 8.5E+03 0.0E+00 1.5E+05 0.0E+00 1.6E+05
Ce-141 8.1E+02 4.8E+05 9.6E+03 1.6E+02 4.8E+05

Notes:

(1) 0.0E+00 appearing in the table indicates release is less than 1.0 Ci/year (less than 3.7E+10 Bg/year) for Noble Gases and less

than 0.0001 Ci/year (less than 3.7E+06 Bg/year) for lodine.

(2) The GALE code produces a fixed value of 7.3 curies (2.7E+11 Bq) of C-14 regardless of plant size or process cleanup design

capabilities. A departure from GALE is applied for the estimation of C-14 releases to 18.9 curies/year (7.0E+11 Bg/year) to

account for the larger power level of the U.S. EPR from those plants used in the development of the GALE code. ia €05
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August 20, 2012 BNP-2012-197 Enclosure 2

ER: Chapter 3.0 Radwaste Systems and Source Terms

Table 3.5-14— Radioactive Liquid Releases Due to Anticipated
Operational Occurrences

(Page 1 of 2)
Radionuclide Adjusted-Total
(Cityr) | tBafyr)
Corrosion-and-ActivationPreducts
Na-24 6-16E-03 228E+08
€51 +04E-03 3-85E+67
Mn-54 5-40e-04 200E+07
Fe-55 410E-04 +52E+67
Fe-59 1-00E-04 3-70E+06
€o-58 156E-03 577E+07
Co-60 1-80E-04 6:66E+06
Zr-65 170804 6:29E-+06
W-187 470E-04 FF4E+-07
Np-239 5-80E-04 2358467
Fission-Products
589 5-60E-05 +85E+06
S0+ 8:00E-05 296E+06
¥-91M 5-00E-05 1-85E+06
¥-93 3.60E-04 +336+07
Z-95 130604 481106
Nb-95 1-00E-04 3-70E--06
Me-99 +-76E-03 6:51E+07
Fe-99M +F1E-03 6:33E-+07
Ru-103 252E-03 9:32E-+07
Rh-103M 252E-03 9:32E+07
Ag-HoM 4-40E-04 +63E+07
Ag-H0 6:00E-05 2228106
Fe-129M 6:00E-05 222606
Fe-129 4-00E-05 +48E+06
Fe-13HM 3:20E-04 +18E+07
Fe-13+ 6-00E-05 2:22E+06
3t 341602 126E+09
TE132 4-80E-04 +-78E+07
H32 1-16E-03 429E+07
H33 345802 +28E+09
€134 264803 9F7E+07
cS136 3-10E-04 +I15E+07
€137 3:56E-03 1:30E+08
BA3ZM 327603 1216408
BAT40 423803 +57E+08
EAT40 767E-03 2:84E+08
€E141 5-00E-05 +-85E+06
cE143 6-20E-04 229E+07
PR143 5:00E-05 +-85E-+07
cE144 33603 4928107
BBNPP 3-105 Rev.3
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ER: Chapter 3.0 Radwaste Systems and Source Terms

Table 3.5-14— Radioactive Liquid Releases Due to Anticipated
Operational Occurrences

(Page 2 of 2)
Radienuclide Adjusted Total
teifyr) (Bafyr}
PRY44 +336-03 4:92E-+07
Al-Others 2:00E-05 F-40E+05
TotaHexecept H-3) +93E-0+ F-14E-+09 |
H3 1:66E+03 6 H4E+13

11.02-5(a)
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August 20, 2012 BNP-2012-197 Enclosure 2

Insert 3.5-14-1
Radionuclide Adju Tota
(Cilyr) Balyr
Corrosion and Activation Products
Na-24 i 5.72E-03 2.12E+08
Cr-51 9.60E-04 3.55E+07
Mn-54 5.10E-04 1.89E+07
Fe-55 3.80E-04 1.41E+07
Fe-59 9.00E-05 3.33E+06
Co-58 1.44E-03 5.33E+07
Co-60 1.70E-04 6.29E+06
Zn-65 1.60E-04 5.92E+06
W-187 4.30E-04 1.59E+07
Np-239 5.40E-04 2.00E+07
Fission Products
Sr-89 4.00E-05 1.48E+06
Sr-91 7.00E-05 2.59E+06
Y-91m 5.00E-05 1.85E+06
Y-93 3.30E-04 1.22E+07
Zr-95 1.20E-04 4.44E+06
Nb-85 9.00E-05 3.33E+06
Mo-99 1.63E-03 6.03E+07
Tc-99m 1.59E-03 5.88E+07
Ru-103 2.34E-03 8.66E+07
Rh-103m 2.34E-03 8.66E+07
Ru-106 2.84E-02 1.05E+09
Rh-106 2.84E-02 1.05E+09
Ag-110m 4.10E-04 1.52E+07
Ag-110 5.00E-05 1.85E+06
Te-129m 6.00E-05 2.22E+06
Te-129 4.00E-05 1.48E+06
Te-131m 2.90E-04 1.07E+07
Te-131 5.00E-05 1.85E+06
1-131 3.54E-02 1.31E+09
Te-132 4.50E-04 1.67E+07
1-132 1.14E-03 4.22E+07
1-133 4.21E-02 1.56E+09
Cs-134 2.45E-03 9.07E+07
1-135 1.69E-02 6.25E+08
Cs-136 2.90E-04 1.07E+07
Cs-137 3.25E-03 1.20E+08
Ba-137m 3.04E-03 1.12E+08
Ba-140 3.93E-03 1.45E+08
La-140 7.12E-03 2.63E+08
Ce-141 5.00E-05 1.85E+06
Ce-143 5.70E-04 2.11E+07
Pr-143 5.00E-05 1.85E+06
Ce-144 1.23E-03 4.55E+07
Pr-144 1.23E-03 4.55E+07
Others 2.00E-05 7.40E+05
Total (except H-3) 1 -01 7.25E+09
H-3 1.66E+03 6.14E+13
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ER: Chapter 3.0 Radwaste Systems and Source Terms

Table 3.5-15— Summary of Radioactive Liquid Releases Including Anticipated

Operational Occurrences
(Page 1 of 2)

Discharge

Fraction-of
Ridie- Total Discharge Coneentration | 10-CFR20-AppendbxBLimits |  Limit
nuclide (eilyd | (Baiy [ ) (pCiiml) |  (Bg/mb)

Activated Corresion-Products
Na—24 62603 236408 36E-10 +3E-05 5:0E-05 +9E+00 72606
€r-5¢ +-6E-63 3:9E+07 6061+ 22£-06 5-0E-04 +9E+0+ 2667
Mn-54 5:4E-04 2:0E+07 331 2E-06 3:0E-05 400 +OE-06
Fe-55 43604 +5E407 24811 8:8E-07 +0E-04 37E+00 2:4E-07
Fe-59 1-6E-64 37E+06 58612 22807 +0E-05 3760+ 5:8E-07
€o-58 +6E-03 5-8E+07 934+ 3-4E-06 2:0E-05 F4E-0% 4:5E-06
€o-60 8604 676106 +OE-1++ 3:9E-07 3-:0E-06 -0+ 3-56-06
Zn-65 +7E-04 6:3E+06 9912 37E-07 5:6E-06 +9E-60+ 20E-06
W-187 47E-04 +FE+07 27E- +0E-06 3:06-05 +1E+00 93E-07
Np-239 5:86-04 226407 4B +2E-06 20805 74E-61 +7£-06
Fission-Products

$+89 5.06-05 +9E+06 2912 +e-07 8:0E-06 3:06-04 3:6E-07
594 8:0E-05 3:0E+06 46612 +7E-07 2:0E-05 F4E-0+ 2:3E-67
¥-94m 50E-05 +9E+06 o +4E-07 20E-03 #4640+ +5E-09
¥93 3:6£-04 +3E+67 =+ F7E-07 2:0E-05 F4E-0% 1-0E-06
295 +3E-04 4.8E+06 75812 2807 20E-05 74E-0+ 3:8E-07
N-95 +-0E-04 37E+06 5:8E-12 226-07 3-0E-05 400 +9E-07
Me-99 +8E-03 6:5E+07 +0E-10 3:8E-06 20E-05 74E-01 51E-06
Fe-99m +7£-03 6:3E+07 9913 3706 +0E-03 37E+04 9:9E-08
Ru-103 25603 93E+07 +5E-10 54E-06 3-:0E-05 400 49E-06
RR-103m | 25803 9:3E+67 5610 5-4E-06 6:0E-03 228402 2:4E-08
Ru-106 33602 +3E+09 +8E-09 6:6E-05 3:0E-06 -6+ 5:9E-04
Ag-Hom | 44E04 +6E+67 26611 9:4E-67 6:0E-06 22604 4:3E-06
Fe-129m 6:0E-05 226406 3:5E-42 +3E-07 70E-06 2:6E-0+ 5:0E-07
Fe-129 4:0E-05 +5E+06 23642 8:6E-08 4-0E-04 +5E+63 5:8E-09
Fe-13tm 32604 2E+07 +9E-1H+ 6:9E-07 &:0E-06 3060+ 2:3E-06
fei34 6:0E-05 228106 F5E-12 3667 8-0E-05 3:0E+00 44E-08
H31 3:4E-02 +3E+09 26E-09 #3E-05 1-0E-06 37602 20E-03
Fe-132 4-8E-04 +8E+07 281 +0E-06 9.0E-06 338604 3-1E-06
32 2803 436407 6711 2:5E-06 +0E-04 37E+00 67E-07
+H33 3:5E-02 +3£+69 2:0E-09 #4E-05 7-0E-06 2:6E-0% 2:9E-04
€5-134 2:6E-03 9:8E+07 +5E-10 57E-06 9:0E-07 3:38-02 +7E-04
H35 +56-02 556408 8:6E-10 32605 3:0E-05 +HE+00 29E-05
€5-136 3104 26407 +8E-++ 6:7E-07 6:0E-06 22604 3:0E-06
€537 3:56-03 +3E+08 20810 75E-06 1+6E-06 37E-02 2:0E-04
Ba-140 42603 +6E+08 25E-10 906 8-0E-06 3-06-0+ 305
140 77E-03 2:8E+08 45810 +7E-05 9:0E-06 33604 4:9E-05
€e-14+ 5:0E-05 +9E+06 29612 +H-07 3:06-05 +HE+00 97E-08
ce-+43 6:26-04 23E+07 36611 +3E-06 20605 F4E-0% +-8E-06
Pr143 5:0E-05 +9E+-06 29812 07 2:0E-05 F4E-01 15607
€e-144 3803 4:9E+07 FFEH 2:9E-06 3:0E-06 -6+ 2:6E-05
Pr-144 +3E-03 49E+07 F-H- 29E-06 6-:0E-04 225404 3667
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August 20, 2012 BNP-2012-197 Enclosure 2

ER: Chapter 3.0 Radwaste Systems and Source Terms

Table 3.5-15— Summary of Radioactive Liquid Releases Including Anticipated
Operational Occurrences

(Page 2 of 2)
Discharge
Fraction of
Radio- Total Discharge Concentration | 10 CFR 20 Appendix B Limits Limit
nuclide (Cilyr) (Bglyr) (nuCi/ml) (Bg/ml) (pCi/ml) (Bg/mli)
4
Insert 3.5-15-1
RAI 101, Question
11.02-5
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BNP-2012-197

Enclosure 2

Insert 3.5-15-1
10 CFR 20 Appendix B | Discharge
Radio- Total Discharge Concentration Limits Fraction
nuclid (Cilyr) (Balyr) iECIImIi I iBalmli Ci/ml Ba/ml) | ofLimit |
Activated Corrosion Products
Na-24 5.72E-03 | 2.12E+08 | 3.32E-10 1.23E-05 | 5.00E-05 1.85E+00 | 6.64E-06
Cr-51 9.60E-04 | 3.55E+07 | 5.57E-11 2.06E-06 | 5.00E-04 1.85E+01 | 1.11E-07
Mn-54 5.10E-04 | 1.89E+07 | 2.96E-11 1.09E-06 | 3.00E-05 111E+00 | 9.86E-07
Fe-55 3.80E-04 | 1.41E+07 2.20E-11 8.16E-07 | 1.00E-04 3.70E+00 | 2.20E-07
Fe-59 9.00E-05 | 3.33E+06 | 5.22E-12 1.93E-07 | 1.00E-05 3.70E-01 | 5.22E-07
Co-58 1.44E-03 | 5.33E+07 8.35E-11 3.09E-06 | 2.00E-05 7.40E-01 | 4.18E-06
Co-60 1.70E-04 | 6.29E+06 9.86E-12 3.65E-07 | 3.00E-06 111E-01 | 3.29E-06
Zn-65 1.60E-04 | 5.92E+06 | 9.28E-12 3.43E-07 | 5.00E-06 1.85E-01 | 1.86E-06
W-187 4.30E-04 | 1.59E+07 2.49E-11 9.23E-07 3.00E-05 1.11E+00 8.31E-07
Np-239 5.40E-04 | 2.00E+07 | 3.13E-11 1.16E-06 | 2.00E-05 7.40E-01 | 1.57E-06
Fission Products
Sr-89 4.00E-05 | 1.48E+06 2.32E-12 8.58E-08 8.00E-06 2.96E-01 2.90E-07
Sr-91 7.00E-05 | 2.59E+06 4.06E-12 1.50E-07 2.00E-05 7.40E-01 2.03E-07
Y-91m 5.00E-05 | 1.85E+06 2.90E-12 1.07E-07 2.00E-03 7.40E+01 1.45E-09
Y-93 3.30E-04 | 1.22E+07 1.91E-11 7.08E-07 2.00E-05 7.40E-01 9.57E-07
Zr-95 1.20E-04 | 4.44E+06 6.96E-12 2.58E-07 2.00E-05 7.40E-01 3.48E-07
Nb-95 9.00E-05 | 3.33E+06 5.22E-12 1.93E-07 3.00E-05 1.11E+00 1.74E-07
Mo-99 1.63E-03 | 6.03E+07 9.45E-11 3.50E-06 2.00E-05 7.40E-01 4.73E-06
Tc-99m 1.59E-03 | 5.88E+07 9.22E-11 3.41E-06 1.00E-03 3.70E+01 9.22E-08
Ru-103 2.34E-03 | 8.66E+07 1.36E-10 5.02E-06 3.00E-05 1.11E+00 4.52E-06
Rh-103m 2.34E-03 | 8.66E+07 1.36E-10 5.02E-06 6.00E-03 2.22E+02 2.26E-08
Ru-106 2.84E-02 | 1.05E+09 1.65E-09 6.10E-05 3.00E-06 1.11E-01 5.49E-04
Ag-110m 4.10E-04 | 1.52E+07 2.38E-11 8.80E-07 6.00E-06 2.22E-01 3.96E-06
Te-129m 6.00E-05 | 2.22E+06 3.48E-12 1.29E-07 7.00E-06 2.59E-01 4.97E-07
Te-129 4.00E-05 | 1.48E+06 2.32E-12 8.58E-08 4.00E-04 1.48E+01 5.80E-09
Te-131m 2.90E-04 | 1.07E+07 1.68E-11 6.22E-07 8.00E-06 2.96E-01 2.10E-06
Te-131 5.00E-05 | 1.85E+06 2.90E-12 1.07E-07 8.00E-05 2.96E+00 3.63E-08
1131 3.54E-02 | 1.31E+09 2.05E-09 7.60E-05 1.00E-06 3.70E-02 2.05E-03
Te-132 4.50E-04 | 1.67E+07 2.61E-11 9.66E-07 9.00E-06 3.33E-01 2.90E-06
1-132 1.14E-03 | 4.22E+07 6.61E-11 2.45E-06 1.00E-04 3.70E+00 6.61E-07
1-133 4.21E-02 | 1.56E+09 2.44E-09 9.04E-05 7.00E-06 2.59E-01 3.49E-04
Cs-134 2.45E-03 | 9.07E+07 1.42E-10 5.26E-06 9.00E-07 3.33E-02 1.58E-04
-135 1.69E-02 | 6.25E+08 9.80E-10 3.63E-05 3.00E-05 1.11E+00 3.27E-05
Cs-136 2.90E-04 | 1.07E+07 1.68E-11 6.22E-07 6.00E-06 2.22E-01 2.80E-06
Cs-137 3.25E-03 | 1.20E+08 1.89E-10 6.98E-06 1.00E-06 3.70E-02 1.89E-04
Ba-140 3.93E-03 | 1.45E+08 2.28E-10 8.43E-06 8.00E-06 2.96E-01 2.85E-05
La-140 7.12E-03 | 2.63E+08 4.13E-10 1.53E-05 9.00E-06 3.33E-01 4.59E-05
Ce-141 5.00E-05 | 1.85E+06 2.90E-12 1.07E-07 3.00E-05 1.11E+00 9.67E-08
Ce-143 5.70E-04 | 2.11E+07 3.31E-11 1.22E-06 2.00E-05 7.40E-01 1.65E-06
Pr-143 5.00E-05 | 1.85E+06 2.90E-12 1.07E-07 2.00E-05 7.40E-01 1.45E-07
Ce-144 1.23E-03 | 4.55E+07 7.13E-11 2.64E-06 3.00E-06 1.11E-01 2.38E-05
Pr-144 1.23E-03 | 4.55E+07 7.13E-11 2.64E-06 6.00E-04 2.22E+01 1.19E-07
H-3 1.66E+03 | 6.14E+13 9.63E-05 3.56E+00 1.00E-03 3.70E+01 9.63E-02
TOTAL 9.98E-02
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\ble 3.5-16— Obtainable Dose Benefits for Liquid Waste System Augmey
Population Total Populatio roid Dose
Body Dose - Person-Rem ‘erson-Rem
Cases (Person-Sievert)(" (Person-Sievert)V

Base Case

Evaporator/Centrifuge onl 283601 2.91E-01
P ntrituge only, 85E-03 (2.91E-03)
no Waste Demineralizer
Additional Waste Demineralizer 54E-01 1.37E-01
(1.54E-03) (1.37E-03)

~ 2.31E-01 1.54E-01

Obtainable dose benefit
(2.31E-03) (1.54E-03)
Note:
Mpopulati ose estimates described in Section 5.4.

[Delete Table |

[

RAI 101 Question

11.02-2
BBNPP 3-109 Rev. 3
© 2007-2012 UniStar Nuclear Services, LLC. All rights reserved.
COPYRIGHT PROTECTED

Page 245 of 277



August 20, 2012
ER: Chap<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>