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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 Ipm) discharge flow rate. The discharge concentrations are compared with effluent
concentration limits given in Table 2, column 2 of 1OCFR20, 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 pCi/mI 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 (6.14E1 3 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
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.w-t.ystem aicrng wItr a Eznse.fat:e -stmatcd Ezzt . .r the pur.as-, Opefrat.Mg aMnd
maiRtenancc (O&M) of the eequipment. The Eezt b9aziS fer the eequiprncn~t Optien is takcnR frcrn
R.guIatzr Guide 1.110 (PIRG, 1976) -R-d rcpe-t.d in 1975 me.n ........ d ....... Whi. k
prevides a Eenscrwctbvcly low estimnate ef the eeguipmer~t EoSt to teday's ezlelraF. A 10 year
.pe..'ting tkm- frar.. is u...d althCugh the U.S. EPR sd•esigned f^ a. 60 y'car epcrati"g lif.: Th
BBNPP' p-anRt. Iicrz cubmital fcr 10 yearFS. The sit crca pp tinwithi 50 Mi (80 kinR) i5b
based on a prejected pepulatieR. OR 2060, evcr 10 yeaFS freM the estimated sta" F. Ibnt
epefritiznz1. Using the population at the end ef plant life is Eenscrvafiye in that it m~a)(iM*Ee
the e"lcctiye dose frfr plant efflucnts.

Fer the tetal beedy dzzze rcdUction, Tab-lc 3.5; 17 illuztrAlates that the fcazrable lbcnefit in rcdluccd
dls aSSOE-ated with the additieR. ef waste deminRealizcr systeff had adz1llar equivclent
benefit Yalue of $1S8,100. Heweyer, the estimated Eest t3 purchasc, eperate and mfaintain this,

.u ipct rye RS ep.. ting Wie WaS apprcd(mately $531,000, thelrcby rcsulting in a tetal
b itivc bcnefit te r..ti. ef less than 1.0 (notjustified en an ALARA basis ef d...
sayings te the pulbli).
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fa~efrible benefit in rcduccd dose asseciated with the additieR ef waste defflincrCi!eFc systefm
had a dollar equivalent benefit Yalue ef $12,000. Hewevcr, the estimated Ee~t to PUrchase,
operat and maintain this equiprncnt eyer RS eperating life is the saffi as shown fer the total
body dese a~sscsmcnt abeye, appre-OFAMetly $534,000. This result in athyreid e.f....tie b.. ncfi
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wcrrant additiona! equipmcn~t Eest. For the boundling tetal bedy ZCl..etie d..,.. estinate,ifa

.quiMfn Optien Eeuld rcdUcc the b~ase Ease pepulatier. dose te Pere, the n m~iru

;o-cluc fe-r faverablc benefit frem NUREC 1530 (NRCG, 1995)) times the life tinge intcgr~atd total
b.hy p.pulatien dz c .... EIat.- d with base E"nditinr (i.e., 0.385 p....14 rcr--Yr 10 Y -S M

,9' .pep. pe.... rcin $30,800). Fer the thyreid Eallectiye dese, th... syings wUld be
...qu.al.t t $2,000 per. per..... ,cm times the life ti.n. in.gr..t.d thyrCid ppulatieR d;se
.... iatd • ith bar -cenditi.. . n (i.e., 0.299 1 per~eR rcmfr 40 yr $2,000 pcr
$23,280). The assurnptien ef aehieying a zerC dese dees Ret take intC aEceunt that tritium in
e.ffluent: e8ntributzz te the d-cc Cn~d that EWIrrcntly Cvailable fetrcftmnt Cptiens arc *Reffecti~e

te FeFfieye-

Si,, the benefit .a.u. for b'th the ttal bdy and thyrd• n te redUCe the doce to zero is
sigiknifiatly less than the dircct anid 40 year O&M Eest of the waste deffinrealizcr zubsystefm
eptien er other eptiens fromR Regulateor Guide 1.110 (PIRC, 1976) net alrcady ifferpefrated in
the plant design, the beunding assesmcnt *Rdieafes that therc arc Re~ likely equipment
additionz that eeuld be justified en. an-A.'RA b-azsiz fer liquid waste pre~eSzing.

it 1heuld be meted that c,,, thlugh ,,t warlanted mR a pepulatien dese sayings basi, a
YendeF supplied waste dernineraliper subsystemn skid has beeR. added te the plant desiqm te
preyiele plant eperateFS greatelr fle~ibilify te pees w..... .aste lieluies b9y dififcrcnt p~~ssst
b.^t Mat&h waste S^trca . hatei ... ,:otOi, .. h a. c•hcr^-al feFrm, with the waste proccz

atmcnt methed that 6st handles the waste frem aR. c n standpeint.
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10 CFR Part 50, Appendix I. Section II.D requires that glant designs consider additional
items based on a cost-benefit analysis. Specifically, the design must include all items of
reasonably demonstrated cleanuD 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-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 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 adiusted for
inflation.

The following parameters used in determining the Total Annual Cost (TAC) for the cost-
benefit analysis are fixed and are provided in Requlatory Guide 1.110 for each radwaste
system augment: the Direct Cost of Equipment, Materials and Labor (Table A-1 of
Reaulatory Guide 1. 110). the Annual Operating Cost (AOC) (Table A-2 of Regulatory
Guide 1.110). and the Annual Maintenance Cost (AMC) (Table A-3 of Regulatory Guide
1.110). The following variable parameters were used in the cost-benefit analysis:

" 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
Requlatory Guide 1.110. The lowest LCCF value of 1.0 was conservatively used
in the analysis.

* 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 Reaulatory 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.

* 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
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 liquid radwaste treatment system augments was
determined to be a 20-gpm (75.7 loIm) 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 liquid 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 FSAR1 1.2-15, 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 I.
Section ll.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
m3/min) and Access Building of 9,000 cfm (255 m 3/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 m 3/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

Main Condenser air evacuation exhaust. 1 • 1

The annual average airborne releases of radionucl es from the plant were determined using
the PWR GALE code (NRC, 1985). The GALE code odels releases using realistic source terms
derived from the experiences of many operati reactors, field and laboratory tests, and
plant-specific design considerations incorpor 'ted to reduce the quantity of radioactive

materials that may be released to the envirc ment during normal operation, including

anticipated operational occurrences. The •de input values used in the analysis are provided

in Table 3.5-9. There are two deviations f im the U.S. EPR FSAR reflected in this COLA, the shim I

bleed and C-14 production. The shim •Yed is adjusted to 2,160 gpd (8176 L/d) to reflect total

letdown flow for boron control with eof 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+1 5 Bq) to 2,800 Ci (1 .04E+1 4 Bq) in

gaseous effluents for BBNPP. The GALE code has a fixed annual release value for C-i14 of 7.3 Ci

(2.70E+1 1 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 is increased to 18.9 Ci (7.0E+1 1 Bq) and

the chemical form is estimated to be •,"..tk.r. .. 2,%carbon dioxide. The expected

annual releases from the plant are presented in Table 3.- and the annual releases due to

anticipated operational occurrences are presented in Tabli 3.5-19. IRAI 101 Question

10% 11.02-3(1-4)
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3.5.3.3 Gaseous Waste System Cost-Benefit Analysis

.fflur.. .r .... d fro4 a light wat.. r... t. as stipulated OR. 10 - FR 50, App-w..^-*. (CFR, 20n7a)
aiSO rogluirz that plant designs indludc all items Of roasenabgly demonztrated Eleanup
tozhnmolegy that when added to the gaseeus waste -!'ozi~ sytem sequentially and i
order ef dim*nishiRg zowt bonzft roturn, zan, Mt- a fa.- . b, eot4 bznefit ratio, ,ffe.t

--duo- ins * z to the pepulatio Feasenabgy expezted to be within.. 50 -- Vii (80 4 kin) of the

r-a.t... Although net r.. uir.d by NRC fogultie , -•al'ue f $2,000 p.. . •er,. F.m. and
$2,099pepr.eFOR. thyrofid Fem or: EeRsewafioty usee udas a favorable EOMt bzn.:fit fhrzsheld
based e-R~ NUREG 1530 (NRC-, 1995). 1he SeUrzo terM for eazh eguipmon~t Eeonfiguratien.
eptlon was genefratee uskng the samo COA~lE ee de -as d ooribed in SoCtien 3.5.1 along with the

samoe plant spozifiz ParameteFS moedified enly te az~effmmdate the Ehanges in the waste
strcamn dozontmin*atien faztfr afeFoded b9y the design eptiens sipmulated.

For BBNPP, the dese reduztien effeOz fell the seeluential additien of the nRoxt logical gaseews
waste ,•e . ...mp nt\ ,(i.e., addit--n of an additi4nal 4 haroal delay bed t* the wa.ste

gas heldlup subsystem)) rzultin OR a rduotiOi the 50 ... i (80 61191) pepul.ti.n ttal body
e)(peGu- efO._5 pr-Cn, rzm (0.0905 porzon ..... O~). S..tie. 5.1 dc..ib... the p•pulati•n
dese Ea.EUtIM0n for boeth the base East .umno oharzoal delay bed he'dup system~ for
....... . .g gasous waste. Table 3.5 20 i Iuz...... the "elati^ e p.pul.tion d"se assziated with

both the base eeguipment Eonfiguration an~d that asseoiated with the augmontod holdup
system. Table 3.5 21 comfparoz the estilmated total bedy and thyroid dozoe rodution. or sayin~js
azhioyed (fr the addition. of the extra delay bed along With a Con:Rseatiy: est*mAtspd rAqt for
the PUFchase. Opelrating an~d maintenonzo Eest asseiateed with this passoye wubsystef
inegligible. The eest basis for the eeguipment option is tokon. from Regulotor,' Guide 1.110 (PRC
1976) and ropo~ted in 197 nRn o~aiated dollarz Whioh ProYideS a ConeRsecati~Cye!o
estimaote of the eeluipmRnot eest to tedays dollaFS. The site aroa population within 50 m~i (80
kni) is baseed a projeeteel populotion in 2060, eyr 10 yearz from the estimated stort of plont
epeffltieffi. Using the population at the end of plnt life iS Con.eRsatiye in that it maximizes
theJJ E8! zty doeso from plant effiuemnt.

ror both the total body and thyroid dese FedUction9, Table 3.5 21 illb!Strotes that the fayefable
benekft R red ueed dose aSzooiated with the additional z harzoal delay bed had a doellar
equiyalont benofit Yalue of $14,000. Howe~eF, the estimated cost to purchase this equipment
was approem Fately $67,000, theroby Fesulting in a total bodye Efotive benefit to e t aioo
lessthon 1.0 (not justified on an ALA.RA basis ef dozc sayings to the pubki).

The total gas rolease from the plant is made Up of Sezeal ro! LS Of dWhih the Eharf~ Id Eolay
bed subsystem proVides trzatment for the prooczs gas from priffiff side roaoter systefm
Eefmpenznts only. As a Eensequenoz, assuming that the pre~ssgaS Stroamf roleaso has a ieero
Yaiue dooz not rozult in a zoro dozoe to the population. Vontilation system exhaust ferom the
roooter 19building and other eon~trolled aroo buildings, along with any zzzon~dao siedz prezzzz
gaS Feleas if primary to secondar leaks oEEur alzo Eentribut: to the total rzleas. Beause
these SOUrozz arC distributed throeughout the plant, no single systellA Ean be added that
effeotivoly roduoes all zouroozs of gas rzleases. Hoewzy:r, beyond the waste gas proozzsing that

.~l 6hed by the oharooal deolay beds, the existing Eontrollod arza Yentilation. systems
airzady prolide for HERA. filtraion, andl as needed Eharooal filtration, to the majorF zoUrzz of
gas Feleased to the @1n'iFRnmon. As a result, no other troatment eptiens not in use aro
availablo that eeould troat a signifioant froz~tion9 of the totalrFeleasoat a favorble Eozt tothat
SheWH for the Eharooa! delay bed.
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10 CFR Part 50, Appendix I Section II.D reauires 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 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
adiusted for inflation.

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

" 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
Regulatory Guide 1.110. The lowest LCCF value of 1.0 was conservatively used
in the analysis.

" 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 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.

* 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
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 liquid 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 auaments 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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Main Condenser Vacuum Pump CharcoallHEPA Filtration System

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) CharcoallHEPA Filtration System

The total annual cost for this system auqment 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-ft3 (16.99 M3) 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 oerson-rem to 0.21 person-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 auament 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
person-rem to 1.92 person-rem. However, the current design for the U.S. EPR already
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 offqas. 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
reducing the total body or thyroid dose from gaseous effluent.
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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) (4,6122E9 J/sec)

2 Mass of Coolant in Primary System (RCS dry nominal volume - not including the pressurizer) 5.937E5 Ibm
(13,596 ft3/0.02290 ft3fbm) (2.693E5 kg)

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

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

5 Number of steam generators 4
6 Total steam flow rate 2.171E7 Ibm/hr

(Nominal 4 x 5.168E+06 = 20.67E+06 Ibm/hr (9.845E6 kg/hr)
Increase by 1.05 to account for higher thermal power = 21.71 E+06 Ibm/hr)

7 Mass of liquid in secondary side of each steam generator (SG) 1.6977E5 Ibm
(7.7006E5 kg)

8 SG Blowdown rate 2.184E5 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) 1 i

11 Condensate Demineralizer Flow Fraction 11.025 0.33
12 Shim Bleed Flow Rate (gpd) 2160 gpd

(Shim bleed is letdown flow for boron control an.d the liquid IS F:eyel d. The nominal flow Is: (8170 I/day)
500 Ibm/hr x 0.0229 ft3/Ibm x 7.48 gal/ft3 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 Iodine 1.01E4
(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) FRAI 101, Question

15 Shim Bleed DF for Other Nuclides 111.02-5 1.0E7
(With Liquid Waste Storage and Processing System Demineral r)

16 Shim Bleed Collection Time(days) days

. . 15500 gal x 0.8= :

RAI 101, Question day 101,___
11.02-5(2160 x 0.9+ 1728) gal 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 gallns 11.02-5
7850 Ma3 1. -m 9614s x 0.8 = 0.599 das

,Se/C.) 1 kg - . d

18 Shim Bleed Average Fraction of W Discharged F0.90
____ ShirA Bleed liqukid I9+eezedd.) ______

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
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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 2 of 4)

Item GALE Input Parameter Value

20 Equipment Drains Primary Coolant Activity (PCA) 1.0

21 Equipment Drains DF for Iodine 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) frm Item 16 above)

0 x 0.8=8.56 dayse

(1728at'26 17 PRAI 101, Question
11.02-5

25 Equipment Drains Processing and Discharge Times (days) 0.589 days

70 m3
x 0.8 = 0.589 days

(1.1 kg) x('E -3m) (8ý.64E4 sec)
sec /x\ 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 II.) 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 Iodine 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

70 m x 0.8 = 1.6 days

250 m) (week)
week)x 7dJ

33 Clean Waste Processing and Discharge Times (days) 0.463

70 m3
(704 gm 3 x 0.8 = 0.463 days

sec .1k 1kg .x 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 III 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)
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Table 3.5-6- Liquid Waste Release Source Term Inputs 'Ii

Uquid Wwa Iputs _

Fraction Coctn Decy contami n Factors

Stoaum Flow Rate of Prbnwy Fraction T Tel ant) C Dlscrv I Cs o0mms
Actvty (daY) (days)

Shim Bleed Rate 2.16E.+03 (8.18 E+03) 1.0 1 0589 1.0E+04 1.OE+07 1.OE+07
Equ"pe Drain 1.73E+03 (6.SSE+03) 1.0 1.0 O7 k 0589 1.OE+04 1 .OE+07 1.OE+07
cleaw waste k"Au 9.43E'03 (3.57E404) Owl0 1.0 0.463 1.0E402 1.O+02 1MOE02

Dirty Wastes 0.OOE+00 (0.00E+00) 0.1 1.0 0.0 0.0 1.0E+02 1.OE+03 1.OE+03
lowdown 62K-45 (2.38E+06) 0.0 0.0 0.0 10E+02 1.0E402 .0E+03

Untreated Slowdw 0.00+00 (0OOE+00) 1.0 0.0 0.07 I.0E400 1 .OE+m00 1.OEOO
kegnefant Sots. 0ODK+00 ((LOOE+00) 0.0 0.0 \00 .OE+00 1 .0E400 1 1~mO

0

Chi

8

n>

0.9

RAI 101, Question
11.02-5

4.03

RAI 101, Question-]
11.02-5

w
~0

0.
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Table 3.5-7- Annual Liquid Effluent Releases (English Units)
(Page 1 of 2)

Boron Total Liquid Detergent
Half-Life Primary Secondary Recovery MiscWastes Secondary Turbine Waste Adjusted Wastes T

(days). pCiper-ml pCi per ml System (Ci). (Ci) (Ci) Building.(Ci). Sources,(Ci) Total,(Ci/yr), (Ci/yr) Ci/yr)
Activated Corrosion Products

Na-24 6.25E-01 2.84E-02 3.40E-07 .00000 .00104 .00000 .00001 .00105 .00616 .0,0 0 .00620
Cr-51 2.E-01 1.39E-03 1.96E-08 .00000 .00018 .00000 .00000 .00018 .00104 .O00000n .00100
Mn-54 3.03E 7.09E-04 9.66E-09 .00000 .00009 .00000 .00000 .00009 .0005*o .00000 .00054
Fe-55 9.50E+02 .'31 E-04 7.28E-09 .00000 .00007 .00000 .00000 .00007 041 .00000 .00041
Fe-59 4.50E+01 1.3 1 .80E-09 .00000 .00002 .00000 .00000 .00002 .00010 .00000 .00010
Co-58 7.13E+01 2.04E-03"N 2.84E-08 .00000 .00026 .00000 .00000 .00 .00156 .00000 .00160

Co-60 1.92E+03 2.35E-04 7E09 .00000 .00003 .00000 .00000 ,40003 .00018 .00000 .00018
Zn-65 2.45E+02 2.26E-04 3.12 .00000 .00003 .00000 .00000 .00003 .00017 .00000 .00017
W-1 87 9.96E-01 1.38E-03 1.73E-08 .00000 .00008 .00000 .0S0 .00008 .00047 .00000 .00047
Np-239 2.35E+00 1.08E-03 1.44E-08 .B000 . .00010 .00000 .00000 .00010 .00058 .06000 .00058

Fission Products

Sr-89 5.20E+01 6.23E-05 8.52E-10 .00000 N".00001 ,, o00 .00000 .00001 .00005 .00000 .00005
Sr-91 4.03E-01 6.41 E-04 7.35E-09 .00000 .0 1 .00000 .00000 .00001 .00008 .00000 .00008

Y-91M 3.47E-02 5.09E-04 2.01 E-09 .00000 .000 .00000 .00000 .00001 .00005 .00000 .00005
Y- 93 4.25E-01 2.77E-03 3.09E-08 .00000 ,,0006 -'0000 .00000 .00006 .00036 .00000 .00036

Zr.95 6.50E+01 1.73E-04 2.39E-09 .00000 .00002 .00 .00000 .00002 .00013 .00000 .00013
Nb-95 3.50E+01 1.25E-04 1.65E-09 .0- .00002 .00000 .00000 .00002 .00010 .00000 .00010
Mo-99 2.79E+00 3.11 E-03 4.19E-08 .00000 .00030 .00000 . 000 .00030 .00176 .00000 .00180
Tc-99m 2.50E-01 3.54E-03 3.47E-• .00000 .00029 .00000 .0000 .00029 .00171 .00000 .00170
Ru-1 03 3.96E+01 3.34E-03 4. -08 .00000 .00043 .00000 .00000 .00043 .00252 '.00000 .00250

Rh-l03m 3.96E-02 o.OOE-00 ;n. OnE, .00000 .00043 .00000 .00000 . 43 .00252 .00000 .00250
Ru-1 06 3.67E+02 3.99Ef 5.50E-07 .00001 .00518 .00000 .00003 .00522N, .03065 .00000 .03100

Rhý- 06 3.47E-04 E+00 O.OOE+00 .00001 .00518 .00000 .00003 .00522 03065 .00000 .03100
Ag-1i Om 2.53E+O 5.76E-04 7.88E-09 .00000 .00007 .00000 .00000 .0008 .00 .00000 .00044

Ag-1 10 2.8-04 O.OOE+00 O.OOE+00 .00000 .00001 .00000 .00000 .00001 .00006 .00000 .00006
Te-1 29m ,,-.40E+01 8.48E-05 1.1 7E-09 .00000 .00001 .00000 .00000 .00001 .00006 Ik000 .00006

Te-i 29 4.79E-02 2.55E-02 1.28E-07 .00000 .00001 .00000 .00000 .00001 .00004 .000 .00004
1.25E+00 7.98E-04 1.02E-08 .00000 .00005 .00000 .00000 .00005 .00032 .00000 .00032

,e131 1.74E-02 9.04E-03 2.07E-08 .00000 .00001 .00000 .00000 .00001 .00006 .00000 .06

1-131 8.05E+00 2.07E-02 2.49E-07 .00334 .00243 .00000 .00002 .00580 .03406 .00000 .03400

tn
C)

(In
0

a-

(D

LA
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Table 3.5-7- Annual Liquid Effluent Releases (English Units)
(Page 2 of 2)

BrnTota Lquid Detergent
Half-Life Prnawy Secondary Recovery M Wsc Wastes Secondary Turbine waste Adjusted Wastes
(days) pCi perml pCI per ml System (C) (C (M) ilding (C) Sources (C) Total (Cl/r) ( -f(Cl0

Te-132 E.JE+00 UISE,04 1M.-08 00000 0 .00000 .00000 .0000m .00048 D.O048
1-132 9 1.98"-O1 134E .00001 .00016 m0000 .00002 .00020 1!!47 .00000 .00120
1-133 8&75E-01 7. 2 87E-07 .00175 .00405 .00000 .00007 .00587 .- 03447 00000 .03400

Cs-134 7.49E+02 3.43E-03 4.84E-M .00000 A0045 100000 .00 00264 A00 .0260
1-135 2.79E-01 1.90E-01 11 .000mm .00194 A 00 .002S3 .01487 A .01

C_-136 13+01 4.36E-04 6.12E-09 _ .0000S ,___ _ .00•05 .00031 D000 .00031

Cs-i 37 1.10E+04 4-54E03 &45E-08CI09 w .0000 .0006 .0350 mm00 .00350
B&-137m 1.77E-03 OME0 0.00E+00 .000 o .00000 .00056 .00327 ,00000 .00330

Ba-140 1 .2E+01 S.8E-03 7.94E-08 .0 0000. .00.00072 .0423 A 420
La-140 1IE+00 1IE-02 1.6IE07 .000 W.00130 M 00001 .00131 .00767 0 .00770
Ce"141 3.24E+01 6.7C-0 9.16[-10 Am MM00 ,,,0,0 "0O00 .00001 mm .0000M

Ce-143 1.38E+00 1.47E-03 1 .00000 .00010 .00000 ._, _ .0001O .00062 A(0062

Pr-143 1.37E01 , Que stionW1 OO A m OD D

Ce,.144 . 22 ,2 1" p DO= A= DO .00m A=2-11 00-1(a
..,"0".00•ýOO+00 0.0E+O0 A.0 A 000 DO M 003 AW .0013

AN 'Others 6ME-01 1AK0 AM '.000 .00000 .00000 .00000 .0002- "- 00 .00002

TOW...... ..... ) 1.271E+001 "-O7"''L(:.,93ESpr0e6 .00S63 .02699 MM00 .0033 .03294 .19M8 .•:I ,,.19

RAI 101, Questio1 1.02-5(a)

I
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Insert 3.5.7-1

Total
Boron Turbine I Lid Adjusted Detergent

Half-Life Primary Secondary Recovery Misc. Wastes Secondary Buidling Waste Total Wastes Total
Radionuclide (days) _Ci per ml uCi per ml (Ci) (CI) (Ci) (C") (Ci) (Ci/vr) fCI/vr) (Cwivr)

flrrne|on Anil A r.f~o#inn D0d4.r'"^e

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 5.31 E-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 6.41 E-04 7.35E-09 0.00000 0.00001 0.00000 0.00000 0.00001 0.00007 0.00000 0.00007

Y-91 m 3.47E-02 5.09E-04 2.01 E-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-1 03 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-I03m 3.96E-02 0.OOE+00 0.OOE+00 0.00000 0.00043 0.00000 0.00000 0.00043 0.00234 0.00000 0.00230
Ru-I06 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.OOE+00 0.OOE+00 0.00001 0.00518 0.00000 0.00003 0.00522 0.02844 0.00000 0.02800

A-11MOm 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.OOE+00 0.OOE+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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Total
Boron Turbine Lu Adiusted Detergent

Half-Life Primary Secondary Recovery Misc. Wastes Secondary Buidlina Waste Total Wastes Total
Radionuclide (days) uCi per ml uCi per ml (Ci) (Ci) (Ci) MCi) (Ci) (Ci/vr) (Civr) (CiLvr)

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
1-132 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
1-133 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-1 34 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-i37m 1.77E-03 0.OOE+00 0.OOE+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.OOE+00 0.OOE+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-14 1.20E-02 0.OOE+00 0.OOE+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 ___I

Note: 0.00000 Indicates That The Values Is Less Than 1.OE-05. I
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Table 3.5-7- Annual Liquid Effluent Releases (SI Units)
(Page 1 of 2)

I
Total Liquid

Boron Turbine Waste Adjusted Detergent
Half--Life Primary Bq/ Secondary Recovery Misc Wastes. Secondary Building Sources Total (Bq/ Wastes (Bq/

adlon de (days) ml Bq/ml System (Bq) (Bq) (Bq) (Bq) (Bq) yr) yr) ,,,Total (Bq/yr)

0

hJ

0

C.

:30~
r

%o

-I j

-D I
-uM

Activated Corrosion Products
Na-24 6.25 E-01 1.05E+03 1.26E-02 0.OOE+00 3.85E+07 0.OOE+00 3.70E+05 3.89E+07 2.28E+08 .00E+00 2.29E+08

Cr-51 2..+01 5.14E+01 7.25E-04 0.00E+06 6.66E+06 0.00E+00 0.06E+00 6.66E+06 3.85E 0.00E+00 3.70E+07

Mn-54 3.03E+0 2.62E+01 3.57E-04 0.00E+00 3.33E+06 0.00E+00 0.60E+00 3.33E+06 2 _+07 0.00E+00 2.OOE+07

Fe-55 9.5OE+02 .E+014 2.69E-04 0.OOE+00 2.59E+06 o.OOE+00 0.OOE+00 2.59E+06 1 .52E+07 0.OOE+00 1 .52E+07

Fe-59 4.50E+61 4.96E 6.66E-05 O.OOE+00 7.40E+05 0.OOE+00 0.OOE+00 7.40 5 3.70E+016 0.OOE+00 3.70E+06

Co-58 7.13E+01 7.55E+0i 1 ,05E-03 0.OOE+00 9.62E+06 0.00E+00 0.00E+00 . 9E+06 5.77E+07 0.OOE+00 5.92E+07

Co-60 1.92E+03 8.70E+00 1.,-04 0.OOE+00 1.11 E+06 0.00E+00 0.OOE+0 1.11 E+06 6.66E+06 0.OOE+00 6.66E+06

Zn-65 2.45E+02 8.36E+00 1.15E O 0.00E+00 1.11 E+06 0.OOE+00 0. +00 1.11 E+06 6.29E+06 0.OOE+00 6.29E+06

W-187 9.96E-01 5.11 E+01 6.40E-04 OOE+00 2.96E+016 0.OOE+00 0.OOE+00 2.96E+06 1.74E+07 0.OOE+00 1.74E+07

Np-239 2.35E+00 4.OOE+01 5.33E-04 0.00 0 3.70E+06 0.OOE 0.00E+00 3.70E+06 2.15E+07 0.OOE+00 2.15E+07
.: ....... tissio n Product

Sr-89 5.20E+01 2.31E+00 3.15E-05 0.OOE+00 . E+05' 0 .OOE+00 0.OOE+00 3.70E+05 1.85E+06 0.OOE+00 1.85E+06

Sr-9 0 4.03E-01 2.37E+01 2.72E-04 .OOE+00 3.70 0.OOE+00 0.OOE+00 3.70E+05 2.96E+06 0.OOE+00 2.96E+06

Y-91 M 3A7E-02 1.88E+01 7.44E-05 0.OOE+00 .70E+05 "0.OOE+00 0.OOE+00 3.70E+05 1.85E+06 0.OOE+00 1.85E+06

Y- 93 4.25E-01 1.02E+02 1.14E-03 0.OOE+P 2.22E+06 0.06 0 0.OOE+00 2.22E+06 1.33E+07 0.OOE+00 1.33E+07

Zr-95 6.50E+01 6.40E+00 8.84E-05 0. +00 7.40E+05 0.OOE+0 0.OOE+00 7.40E+05 4.81 E+06 O.OOE+00 4.81 E+06

Nb-95 3.50E+01 4.63E+00 6.11 E-05 , .OOE+00 7.40E+05 0.00E+00 6E+00 7.40E+05 3.70E+06 0.OOE+00 3.70E+06

Mo-99 2.79E+00 1.15E+02 1.55 0.OOE+00 1.11E+07 0.OOE+00 0.00 0 1.11E+07 6.51E+07 0.OOE+00 6.66E+07

Tc-99m 2.50E-01 1.31 E+02 ,. 8E-03 0.OOE+00 1.07E+07 0.00OOE+00.OOE+0 1 1.07E+07 6.33E+07 0.OOE+00 6.29E+07

Ru-103 3.96E+01 1.24E+0,, 1.72E-03 0.OOE+00 1.59E+07 0.OOE+00 O.OOE+00 1. E+07 9.32E+07 0.00E+00 9.25EE+07

Rh-103m 3.96E-02 0.0 0 0.OOE+00 0.OOE+00 1.59E+07 0.00E+00 0.OOE+00 1.59E+ 9.32E+07 0.00E+00 9.25E+07

Ru-i06 3.67E+02 ,.48E+03 2.04E-02 3.70E+05 1.92E+08 0.OOE+00 1.11E+06 1.93E+08 '.13E+09 0.OOE+00 1.15E-+09

Rh-106 3.47 0.OOE+00 0.OOE+00 3.70E+05 1.92E+08 0.00E+00 1.11E+06 1.93E+08 1.1" 09 0.OOE+00 1.15E+09

Ag-110m _+O2 2.13E+01 2.92E-,04 0.OOE+00 2.59E+06 0.OOE+00 0.OOE+00 2.96E+06 1.63E+0"7 0.0OE+00 1.63E+07

Ag-1 10 2.82E-04 0.OOE+00 0.OOE+00 0.OOE+00 3.70E+05 0.OOE+00 0.OOE+00 3.70E+05 2.22E+06 'OkE+00 2.22E+06

Te-129T," 3.40E+01 3.14E+00 4.33E-05 0.OOE+00 3.70E+05 0.OOE+00 0.00E+00 3.70E+05 2.22E+06 0.00 0 2.22E+06

T 9 4.79E-02 9.44E+02 4.74E-03 0.OOE+00 3.70E+05 0.OOE+00 0.OOE+00 3.70E+05 1A8E+06 1.OOE+00 1.48E+06

,..... e-1i31 m 1.25E+00 2.95E+01 3.77E-04 0.OOE+00 1.85E+06 0.00E+00 0.OOE+ 00 1.85E+06 1.1 8E+07 0.0OE+00 1 . +07

Te-1 31 1.74E-02 3.34E+02 7.66E&04 0.OOE+00 3.70E+05 0.00E+00 0.OOE+00 3.70E+05 2.22E+06 0.OOE-I00 2.22E+'06

Ln

-0

oJ
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(,-~
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Table 3.5-7- Annual Uquid Effluent Releases (SI Units)
(Page 2 of 2)

Total Liqui
Bom" Tuine Waste Adjusted Detergent

Haff-Ufe Prmary Bq/ Seconidary Recovery MWK Wastes Soeondary Bulding Source Total OWq YWaste
Raodlonud Wdars) ad iwnqh Systemfi (BV (Wq S. (sqo(a. yr) TOWa (Uqly

1-131 +00 7.66E+02 921 E-03 1.24E+086 L +E407 O.00(400 7.40E+05 2.15E+06 1..26 0E00(400 124(409
Te-i 32 32M(E+-O, 3.02E+01 4.3EM-04 0.004+00 2.96E40 0 4 O0.040 2.36(406 +07 0.00(400 1.73(+07

1-132 9.8E-02 733 3 46-02 3.70E+05 5.9M206 0.000 7.40E+05 7.40E 4.29E+07 0.00E400 4A4E+07
1-133 &.75E-01 2.3(03-ý .2.- 6.4K407 15%. 6 000(400 2.59406 . $ 4 1.28E09 OD.0(00 1.26E09

Cs-134 7.49E+02 1.27E402 1.7. 0.00+00 1.67E+07 0.0040 0.O 1.67E+07 9.77E+07 O.0(E+00 9.62E+07
1-135 2.79E-01 7.03E+03 6.70E-02 (4E+07 7.18E+07 0 0/0 4+06 9.39E+07 5.50E0 0.00E+00 S.SE+06

Cs-136 1.30+01 1.61E+01 226E-04 0. 1.85E+06 0. 0.004+00 1I5E+06 1.15E+07 O.OOE+00 1.15E+07
Cs-137 1.10E+04 1.65+02 2.3K-03 O.00+00 4E+07 .00(+00 O.OOE+00 22H+07 1.30E+08 0.0E+00 1.30E+08

Ba-137m 1.77E-03 O.00E+00 O.0E+00 O.OOE+000 2. 0.00+00 0.00+00 2.07E+07 1.21E+08 00+00 122(408
Ba-140 128E+01 2.1K-+02 2.94E-03 0.0(400,, 2.66(07 . 4•00 0.0(40 2.66E+07 1571E-0 0.0+00 1.SSE4.6
La-140 1.68(400 4.74(02 .1-03 .O 400 4.1E+07 O.OOE( , 3.70E+05 4.•,,07 2.4(0 0.004+00 2.15E40
Ce-141 3.24E+01 2.4340 339( ""0.00(400 3.70E+OS 0.004+00 0 4 3.70E405 1.85(+06 0.0+00 1.8(+06
Ce-143 1.3(4+00 S.44(01 0.O(E+00 3.70E+06 0.00(+00 0.,,( 3.70(+06 2.2(407 0.00(400 2-.29+07
Pr-143 137E+01 0.0E o, 0.0(40 o.0oE+000 3.70E+05 0.00(400 000(o40 3. 1.+5406 o.0E(00 1.(406
Ce-144 22.4402 4401 8.81 (-04 0.10+400 3.14E4+06 0.00(0 0.0(00 8,51E+06" 4.92E07 0.0E4,00 4.81E+07
Pr-144 12 O.OE+00 O.00(+00 O.00+00 8.14•(06 O.0(+00 O.OE+00 8.51E+06 4.9 0.004+00 4.81E+07

Al Otwhers 2.31E+04 6.(',-02 0.00E+00 0.0000 0.00(+00 0.0(400 0.00E+00 7.40E+05 00(400 7.40(405
Total Tltitim) 4.70E404 2.93(-01 2.03 9.5(E+48 O.0E+00 122(07 1.22E+09 7.14E+09 0 7.03E+09

to:6& 0.000 inkate tha % :Lue is less tha 1.0(45S.

lnasert 3.5-7-2

RAI 101, Question

11.02.5(a)
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Insert 3.5.7-2

Total
Boron Misc. Turbine Liguid Adjusted Detergent

Half-Life Primary Secondary Recovery Wastes Secondary Buidlina Waste Total Wastes Total
Radionuclide (davs) Ba Der ml Bg per ml B (Bj) (Bq) (Bj) (Bq) (Ba/vrl (B/vr) (Bit/vrL

Corrosion And Activation Products
Na-24 6.25E-01 1.05E+03 1.26E-02 0.OOE+00 3.85E+07 0.OOE+00 3.70E+05 3.89E+07 2.12E+08 0.OOE+00 2.11 E+08
Cr-51 2.78E+01 5.14E+01 7.25E-04 0.OOE+00 6.66E+06 0.OOE+00 0.OOE+00 6.66E+06 3.55E+07 0.OOE+00 3.55E+07
Mn-54 3.03E+02 2.62E+01 3.57E-04 0.OOE+00 3.33E+06 0.OOE+00 0.OOE+00 3.33E+06 1.89E+07 0.OOE+00 1.89E+07
Fe-55 9.50E+02 1.96E+01 2.69E-04 0.OOE+00 2.59E+06 0.OOE+00 0.OOE+00 2.59E+06 1.41 E+07 0.OOE+00 1.41 E+07
Fe-59 4.50E+01 4.96E+00 6.66E-05 0.OOE+00 7.40E+05 0.OOE+00 0.OOE+00 7.40E+05 3.33E+06 0.OOE+00 3.33E+06
Co-58 7.13E+01 7.55E+01 1.05E-03 0.OOE+00 9.62E+06 0.OOE+00 0.OOE+00 9.99E+06 5.33E+07 0.OOE+00 5.18E+07
Co-60 1.92E+03 8.70E+00 1.21 E-04 0.OOE+00 1.11 E+06 0.OOE+00 O.OOE+00 1.11 E+06 6.29E+06 0.OOE+00 6.29E+06
Zn-65 2.45E+02 8.36E+00 1.15E-04 0.OOE+00 1.11 E+06 0.OOE+00 O.OOE+00 1.11 E+06 5.92E+06 0.OOE+00 5.92E+06
W-187 9.96E-01 5.11 E+01 6.40E-04 0.OOE+00 2.96E+06 0.OOE+00 0.OOE+00 2.96E+06 1.59E+07 0.OOE+00 1.59E+07
NRD239 2.35E+00 4.OOE+01 5.33E-04 0.0OE+00 3.70E+06 0.OOE+00 0.OOE+00 3.70E+06 2.OOE+07 0.OOE+00 2.OOE+07

Fission Products
Sr-89 5.20E+01 2.31E+00 3.15E-05 0.OOE+00 3.70E+05 0.OOE+00 0.OOE+00 3.70E+05 1.48E+06 0.OOE+00 1.48E+06
Sr-91 4.03E-01 2.37E+01 2.72E-04 0.OOE+00 3.70E+05 0.OOE+00 0.OOE+00 3.70E+05 2.59E+06 O.OOE+00 2.59E+06

Y-91m 3.47E-02 1.88E+01 7.44E-05 0.OOE+00 3.70E+05 0.OOE+00 0.OOE+00 3.70E+05 1.85E+06 0.OOE+00 1.85E+06
Y-93 4.25E-01 1.02E+02 1.14E-03 0.OOE+00 2.22E+06 0.OOE+00 0.OOE+00 2.22E+06 1.22E+07 0.OOE+00 1.22E+07
Zr-95 6.50E+01 6.40E+00 8.84E-05 0.OOE+00 7.40E+05 0.OOE+00 0.OOE+00 7.40E+05 4.44E+06 0.OOE+00 4.44E+06
Nb-95 3.50E+01 4.63E+00 6.11 E-05 0.OOE+00 7.40E+05 0.OOE+00 0.OOE+00 7.40E+05 3.33E+06 0.OOE+00 3.33E+06
Mo-99 2.79E+00 1.15E+02 1.55E-03 O.OOE+00 1.11E+07 0.OOE+00 0.OOE+00 1.11E+07 6.03E+07 O.OOE+00 5.92E+07

Tc-99m 2.50E-01 1.31 E+02 1.28E-03 0.OOE+00 1 .07E+07 0.OOE+00 0.OOE+00 1.07E+07 5.88E+07 0.OOE+00 5.92E+07
Ru-103 3.96E+01 1.24E+02 1.72E-03 0.OOE+00 1.59E+07 0.OOE+00 0.OOE+00 1.59E+07 8.66E+07 0.OOE+00 8.51 E+07

Rh-1 03m 3.96E-02 0.OOE+00 0.OOE+00 0.OOE+00 1.59E+07 0.OOE+00 0.OOE+00 1.59E+07 8.66E+07 0.OOE+00 8.51 E+07
Ru-106 3.67E+02 1.48E+03 2.04E-02 3.70E+05 1.92E+08 0.OOE+00 1.11 E+06 1.93E+08 1.05E+09 0.OOE+00 1.04E+09
Rh-106 3.47E-04 0.OOE+00 O.OOE+00 3.70E+05 1.92E+08 0.OOE+00 1.11E+06 1.93E+08 1.05E+09 0.OOE+00 1.04E+09

Agq-10m 2.53E+02 2.13E+01 2.92E-04 0.OOE+00 2.59E+06 0.OOE+00 0.OOE+00 2.96E+06 1.52E+07 0.OOE+00 1.52E+07
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Total
Boron Misc. Turbine Liguid Adjusted Detergent

Half-Life Primary Secondary Recovery Wastes Secondary Buidling Waste Total Wastes Total
Radionuclide (days) Bq per ml Bq per ml IBM (Ba) (ISM (Ba) (B3g) (Ba/vr) (Ba/vr .(Ba/vrL

Aq- 0 2.82E-04 O.OOE+00 O.00E+00 0.OOE+00 3.70E+05 0.OOE+00 O.OOE+00 3.70E+05 1.85E+06 O.OOE+00 1.85E+06
Te-129m 3.40E+01 3.14E+00 4.33E-05 0.OOE+00 3.70E+05 O.OOE+00 O.OOE+00 3.70E+05 2.22E+06 O.OOE+00 2.22E+06
Te-1 29 4.79E-02 9.44E+02 4.74E-03 0.OOE+00 3.70E+05 0.00E+00 O.OOE+00 3.70E+05 1.48E+06 0.OOE+00 1.48E+06

Te-131 m 1.25E+00 2.95E+01 3.77E-04 O.OOE+O0 1.85E+06 0.OOE+00 O.OOE+00 1.85E+06 1.07E+07 0.OOE+00 1.07E+07
Te-1 31 1.74E-02 3.34E+02 7.66E-04 O.OOE+00 3.70E+05 0.OOE+00 O.OOE+00 3.70E+05 1.85E+06 O.OOE+00 1.85E+06
1-131 8.05E+00 7.66E+02 9.21 E-03 1.49E+08 8.99E+07 0.OOE+00 7.40E+05 2.40E+08 1.31 E+09 O.OOE+00 1.30E+09

Te-1 32 3.25E+00 3.02E+01 4.03E-04 O.OOE+00 2.96E+06 0.OOE+00 O.OOE+00 2.96E+06 1.67E+07 O.OOE+00 1.67E+07
1-132 9.58E-02 7.33E+03 4.96E-02 1.1 1E+06 5.92E+06 0.OOE+00 7.40E+05 7.77E+06 4.22E+07 O.OOE+00 4.07E+07
1-133 8.75E-01 2.93E+03 3.28E-02 1.33E+08 1.50E+08 0.OOE+00 2.59E+06 2.86E+08 1.56E+09 O.00E+00 1.55E+09

Cs-1 34 7.49E+02 1.27E+02 1.79E-03 0.OOE+00 1.67E+07 0.OOE+00 0.OOE+00 1.67E+07 9.07E+07 O.OOE+00 9.25E+07
1-135 2.79E-01 7.03E+03 6.70E-02 3.92E+07 7.18E+07 0.OOE+00 3.70E+06 1.15E+08 6.25E+08 O.OOE+00 6.29E+08

Cs-1 36 1.30E+01 1.61 E+01 2.26E-04 O.OOE+00 1.85E+06 0.OOE+00 O.OOE+00 1.85E+06 1.07E+07 O.OOE+00 1.07E+07
Cs-137 1.10E+04 1.68E+02 2.39E-03 O.OOE+00 2.18E+07 0.OOE+00 O.OOE+00 2.22E+07 1.20E+08 O.OOE+00 1.22E+08

Ba-137m 1.77E-03 0.OOE+00 O.OOE+00 O.OOE+00 2.04E+07 0.OOE+00 O.OOE+00 2.07E+07 1.12E+08 O.OOE+00 1.11 E+08
Ba-140 1.28E+01 2.18E+02 2.94E-03 O.OOE+00 2.66E+07 O.OOE+00 O.OOE+00 2.66E+07 1.45E+08 O.00E+00 1.44E+08
La-140 1.68E+00 4.74E+02 6.18E-03 0.OOE+00 4.81E+07 O.OOE+00 3.70E+05 4.85E+07 2.63E+08 O.OOE+00 2.63E+08
Ce-141 3.24E+01 2.48E+00 3.39E-05 O.OOE+00 3.70E+05 O.OOE+00 O.00E+00 3.70E+05 1.85E+06 O.OOE+00 1.85E+06
Ce-143 1.38E+00 5.44E+01 6.88E-04 O.OOE+00 3.70E+06 O.OOE+00 O.OOE+00 3.70E+06 2.11 E+07 O.OOE+00 2.11 E+07
Pr-143 1.37E+01 O.OOE+00 O.OOE+00 0.OOE+00 3.70E+05 O.OOE+00 O.00E+00 3.70E+05 1.85E+06 O.OOE+00 1.85E+06
Ce-144 2.84E+02 6.40E+01 8.81E-04 O.OOE+00 8.14E+06 O.OOE+00 O.OOE+00 8.51E+06 4.55E+07 O.OOE+00 4.44E+07
Pr-144 1.20E-02 O.OOE+00 O.OOE+00 O.OOE+00 8.14E+06 O.OOE+00 O.00E+00 8.51 E+06 4.55E+07 O.OOE+00 4.44E+07

ALL Others 2.31 E+04 6.99E-02 O.00E+00 O.00E+00 O.OOE+00 O.00E+00 O.OOE+00 7.40E+05 O.OOE+00 7.40E+05
Total (Except For Tritium) 4.70E+04 2.93E-01 3.24E+08 9.95E+08 O.OOE+00 1.22E+07 1.33E+09 7.25E+09 O.OOE+00 7.03E+09
Tritium Releases 6.14E+13
Note: 0.00000 Indicates That The Values Is Less Than 1.OE-05.
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Table 3.5-8- Annual Gaseous Effluent Releases (English Units)(1

(Page 1 of 4)
RAI 101, Question
11.02-3(1-4)

1I
Building Ventilation Main

Primary Secondary Nuclear Blowdown Condenser
Radionuclide Coolant Coolant Fuel Reactor Auxiliary Turbine Vent. Offgas Removal Total

(PCi/gm) (PCi/gm) (Ci/yr) (Ci/yr) (Ci/yr) (Ci/yr) (Ci/yr) (Ci/yr) (Ci/yr)
1-131 2.070E-02 2.510E-07 2.7E-04 1.9E-03 6.6E-03 O.OE+00 0.OE+00 0.OE+00 8.8E-03

1-133 7.91 7E-02 8.929E-07 1.OE-03 5.9E-03 2.5E-02 0.OE+00 0.OE+00 0.OE+00 3.2E-02

H-3 Released via Gaseous Pathway 1.8E+02
C-1 4 Released via Gaseous Pathway 1.89E+01 {,.°' ,,)

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

(pCi/gm) (pCi/gm) (Ci/yr) (Ci/yr) (Ci/yr) (Ci/yr) (Ci/yr) (Ci/yr) (Ci/yr) (Ci/yr)
Kr-85m 2.006E-01 2.945E-08 O.OE+00 2.OE+00 1.4E+02 4.OE+00 O.OE+00 O.OE+00 2.OE+00 1.5E+02

Kr-85 3.854E-01 5.512E-08 2.1 E+02 1.7E+03 9.1 E+02 8.OE+00 O.OE+00 O.OE+00 4.OE+00 2.8E+03
Kr-87 1.884E-01 2.603E-08 O.OE+00 O.OE+00 5.OE+01 4.OE+00 O.OE+00 O.OE+00 2.OE+00 5.6E+01

Kr-88 3.513E-01 5.115E-08 O.OE+00 O.OE+00 1.8E+02 7.OE+00 O.OE+00 O.OE+00 4.OE+00 1.9E+02
Xe-131m 8.272E-01 1.174E-07 8.8E+01 7.OE+02 1.9E+03 1.8E+01 O.OE+00 O.OE+0O 8.OE+00 2.7E+03

Xe-133m 8.568E-02 1.269E-08 O.OE+00 O.OE+00 1.7E+02 2.OE+00 O.OE+00 O.OE+00 O.OE+00 1.7E+02
Xe-133 3.090E+00 4.435E-07 4.4E+01 3.5E+02 6.8E+03 6.6E+01 O.OE+00 O.OE+00 3.1 E+01 7.3E+03

Xe-135m 1.633E-01 2.344E-08 O.OE+00 O.OE+O0 1.OE+01 3.OE+00 O.OE+00 O.OE+00 2.OE+00 1.5E+01

Xe-135 1.063E+00 1.555E-07 O.OE+00 O.OE+00 1.2E+03 2.3E+01 O.OE+00 O.OE+00 1.1E+01 1.2E+03
Xe-1 37 4.272E-02 6.164E-09 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00
Xe-138 1.508E-01 2.170E-08 O.OE+00 O.OE+00 8.OE+00 3.OE+00 O.OE+00 O.OE+00 1.OE+00 1.2E+01

Total Noble Gases 1.5+04

I
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Table 3.5-8- Annual Gaseous Effluent Releases (Sl Units)l1 )
(Page 3 of 4)

RAI 101, Question
1 1 .0 2 -3 ( 1 -4 ) _ _ _ _ _

0

C

0=
I-

8•
.,,

rn

FS

rD

Building Ventilation Main

Primary Secondary Nuclear Blowdown Condenser
Radionuclide Coolant Coolant Fuel Reactor Auxiliary Turbine Vent. Offgas Removal Total

(Bq/gm) (Bq/gm) (Bq/yr) (Bq/yr) (Bq/yr) (Bq/yr) (Bq/yr) (Bq/yr) (Bq/yr,
1-131 7.66E+02 9.29E-03 1.OOE+07 7.OOE+07 2.40E+08 O.OOE+00 O.OOE+00 O.OOE+O0 3.30E+(p
1-133 2.93E+03 3.30E-02 3.70E+07 2.20E+08 j 9.30E+08 O.OOE+00 O.OOE+00 O.OOE+O0 1.20E+
H-3 Released via Gaseous Pathway 6.70E+

C-14 Released via Gaseous Pathway 7.OE+11 .12)

Ar-41 Released via Gaseous Pathway 1.30E+12
Radionuclide Primary Secondary Gas Stripping Building Ventilation Blowdown Main Total

Coolant Coolant Shutdown Continuous Reactor Nuclear Turbine Vent. Offgas Condenser

Auxiliary Removal

(Bq/gm) (Bq/gm) (Bq/yr) (Bq/yr) (Bq/yr) (Bq/yr) (Bq/yr) (Bq/yr) (Bq/yr) (Bq/yr)

Kr-85m 7.42E+03 1.09E-03 O.OOE+O0 7.40E+10 5.18E+12 1.48E+11 O.OOE+O0 O.OOE+O0 7.40E+10 5.55E+12

Kr-85 1.43E+04 2.04E-03 7.77E+1 2 6.29E+13 3.37E+13 2.96E+1 1 O.OOE+O0 O.OOE+O0 1.48E+1 1 1.04E+14
Kr-87 6.97E+03 9.63E-04 O.OOE+00 O.OOE+00 1.85E+1 2 1.48E+1 1 O.OOE+00 O.OOE+00 7.40E+1 0 2.07E+12

Kr-88 1.30E+04 1.89E-03 0.OOE+00 0.OOE+00 6.66E+12 2.59E+1 1 0.OOE+00 0.OOE+00 1.48E+1 1 7.03E+1 2
Xe-131 m 3.06E+04 4.34E-03 3.26E+12 2.59E+13 7.03E+13 6.66E+1 1 0.OOE+00 0.OOE+00 2.96E+1 1 9.99E+13

Xe-1 33m 3.17E+03 4.70E-04 0.OOE+00 0.OOE+00 6.29E+12 7.40E+10 O.OOE+00 O.OOE+00 O.OOE+00 6.29E+12

Xe-133 1.14E+05 1.64E-02 1.63E+12 1.30E+13 2.52E+14 2.44E+12 0.OOE+00 0.OOE+00 1.15E+12 2.70E+14

Xe-1 35m 6.04E+03 8.67E-04 0.OOE+00 O.OOE+00 3.70E+1 1 1.11 E+I 1 O.OOE+00 O.OOE+00 7.40E+1 0 5.55E+1 1
Xe-135 3.93E+04 5.75E-03 0.OOE+00 O.OOE+00 4.44E+13 8.51 E+1 1 0.OOE+00 0.OOE+00 4.07E+11 4.44E+13

Xe-137 1.58E+03 2.28E-04 0.OOE+00 O.00E+00 0.OOE+00 0.OOE+00 O.OOE+00 0.OOE+00 0.OOE+00 O.OOE+00
Xe-1 38 5.58E+03 8.03E-04 0.OOE+00 O.OOE+00 2.96E+1 1 1.11 E+1 1 0.OOE+00 0.OOE+00 3.70E+1 0 4.44E+1 1

Total Noble Gases 5.60E+14

w
'.0

I

5D

W
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Table 3.5-8- Annual Gaseous Effluent Releases (SI 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 5.2E+03 3.4E+06 1.2E+05 6.7E+04 3.6E+06

Mn-54 7.8E+02 2.OE+06 2.9E+04 1.1 E+05 2.1 E+06

Co-57 0.OE+00 3.OE+05 0.OE+00 O.OE+00 3.OE+05

Co-58 3.2E+03 9.3E+06 7.OE+05 7.8E+06 1.8E+07

Co-60 5.2E+03 9.6E+05 1.9E+05 3.OE+06 4.1 E+06

Fe-59 6.7E+02 1.OE+06 1.9E+04 0.OE+00 1.OE+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 1.1 E+05 3.OE+05 2.3E+06

Zr-95 1.8E+03 0.OE+00 3.7E+05 1.3E+03 3.7E+05

Nb-95 1.4E+03 6.7E+05 1.1 E+04 8.9E+05 1.6E+06

Ru-1 03 1.2E+03 5.9E+05 8.5E+03 1.4E+04 6.3E+05

Ru-1 06 1.OE+03 O.OE+00 2.2E+03 2.6E+04 2.9E+04

Sb-1 25 0.OE+00 0.OE+00 1.4E+03 2.1 E+04 2.3E+04

Cs-1 34 1.2E+04 9.3E+05 2.OE+05 6.3E+05 1.8E+06

Cs-1 36 2.OE+03 1.2E+06 1.8E+04 O.OE+00 1.2E+06

Cs-1 37 2.8E+04 2.OE+06 2.7E+05 1.OE+06 3.3E+06

Ba-140 8.5E+03 0.OE+00 1.5E+05 0.OE+00 1.6E+05

Ce-141 8.1 E+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
than 0.0001 Ci/year (less than 3.7E+06 Bq/year) for Iodine.

1.0 Ci/year (less than 3.7E+1 0 Bq/year) for Noble Gases and less

(2) The GALE code produces a fixed value of 7.3 curies (2.7E+1 1 Bq) of C-14 regardless of plant size or process cleanup design
capabilities. A departure from GALE is applied for the estimation of C-1 4 releases to 18.9 curies/year (7.0E+1i1 Bq/year) to
account for the larger power level of the U.S. EPR from those plants used in the development of the GALE code. " Q02
.e:i_, of 0.20 6s...umed fe.a., f^: i..zi... d:.s a.ssessmnts). a .lu f 3... E .S...:....... ,a E ,, i ,1 E;.A W•:z.;.uldb
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Radwaste Systems and Source Terms

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

(Page 1 of 2)

Redwnudd.l AIue oa

I I

Na 24 6.1161i 9 2481E08

Mn-54 SA0e 04 2.99E G;

Fe& 69 190E 4 NEW 06

Go-59 1.80E 4 6.Q46&f0

an_ 68G-G 6.29 i 6

IN is 449E04 1 4461
Np-249 SAGE 4 21S 4

F2992an Nedueft

S+SNGS~ 2.96E 16

Nb 5 ME9~4 34GE 6
Me 99 14~6E 0 G6Mliae

:k 99M !;E 36.33E 0

Rw !G 2.6E 039;32E 97
Rh :103M 2.52E 03 2
Ru 106 3.402114E40
Rh i 6 &G;E- 02 1.14F09

AgHM4AGE 4 16Ei9

Te 29M 6.9 0 .2E16
T :194.99E GS 1.48E 106

TO 31411 3.29E 4 M BE 0;

TE132 4.89E 04!.B 9

C51-T 3GE 03 4.29E 10;

44-M 1.9E02SA 0

BA134M 43:2E03121E0

BAI~O 49 1:4 0

I
I

I
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Radwaste Systems and Source Terms

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

(Page 2 of 2)

Raemem~de _Ad jwsede4

PR144 i

N-3 4.66H- 33 6.14F! 4 3

Inser 3.5-14-

RAI 101, Question
11.02-5(a)

I
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Insert 3.5-14-1

Radionuclide Adjusteota!

Corrosion and Activation Products
Na-24 5.72E-03 2.12E+08
Cr-51 9.60E-04 3.55E+07
Mn-54 5.1OE-04 1.89E+07
Fe-55 _30E-04 1.41 E+07
Fe-59 9.OOE-05 3.33E+06
Co-58 1.44E-03 5.33E+07
Co-60 1.70E-04 6.29E+06
Zn-65 I.60E-04 5.92E+06
W-187 4.30E-04 1.59E+07
No-239 5.40E-04 2.OOE+07

Fission Products
Sr-89 4.00E-05 1.48E+06
Sr-91 7.OOE-05 2.59E+06

Y-91m 5.OOE-05 1.85E+06
Y-93 I.30E-04 1.22E+07
Zr-95 1.20E-04 4.44E+06
Nb-95 9.OOE-05 3.33E+06
Mo-99 I.63E-03 6.03E+07

Tc-99m 1.59E-03 5.88E+07

ER-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

Aq-110m 4.1OE-04 1.52E+07
A_- 110 5,00E-05 1.85E+06

Te-129m 6.O0E-05 2.22E+06
Te-129 4.OOE-05 1.48E+06

Te-131m 2.90E-04 1.07E+07
Te-1 31 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 4.21 E-02 1.56E+09

Cs-1 34 245E-03 9.07E+07
1-135 1.69E-02 6.25E+08

Cs-1 36 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

1415.E-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) 1,96E-01 7.25E+09
H-3 1.66E+03 6.14E+13
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Radwaste Systems and Source Terms

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

(Page 1 of 2)

91e-8V

Atvid Go esfrP dueb
Na2 .2 3 23E 8 M6E 1 .1 5 A 5 1 -.9E-MO0 ;:E 06

GF 6 -.GE 3 3.91E 107 01E4 11 2.E 6 SAW 04 i-91E ; :1.21E07
Mn 64 6.4f 4 2O10 3A-4 ii 1.1 6 39i 06 M GO -.G 0Q6

Fefg 4 IF 4 1 siw 2 4E 11 8.6 ; .0i 4 RU 2.41E07
Fe 69 ; 06 04 ;;tw MEG-9 11 .E 7 1or r ;t0ai SE0

C- 6 16E 3 AE10 94A-1 ii ME6 ME 6 1.4 9 4.5fi96
Ge 60 1.111i 4 64E16 11-01 ii 39E 07 3.9E 06 ME01 3.-61i

an6 . 4 6.3E 6 9.9E 1 3.7E 07 5.0E 6 ;1.91E 0:M 06
w4 118;4 114E 107 24E i 1 -.QE 6 M3f 05 MEI 9AE 0;

NV-M3 &.SE-G42OE+; 3444A-4 4-2-6 2O-" 74 1 A06
FrIMIen Prrduts

fir-" ~ ~ ~ ~ ~ ~ ~ 444 6.) 81.1EG .1 2 FW Aa-Q6 .E0 ME0
&P-9+ .9E- 9 3.0! 6 4.6 2 17. 4E9 E 1 23i0

91MS4G 0 1191E 6 2-9E142 :A6G .63 M 0 IE9
*-33.6E 04 i3E9 A il ;;E02.195 M 9 4-.GE-G6
Z495 1:E 4 4.8E 6 AS 12 E 07 2.9E 05 MeE 0

N-% IIE 4 3.7-E 19 A4:2 2240 .65 .6 o ;9E7
Me 99 :E9 6.5E 1; 1O 1 MEE4 3 0-6 2Q 1 1 SE0

T99A 1703 6.3E10 991E-~ i 1 34 6 1.1E03- 3.7E i 0 ~ 9.9f 0
Ru 03 ME93 93 07 1:1E1 E 06 3.91E G6 11E o 4-E0

Rh 193M M a,-m 11:611 :I4 6.4E6 6A Q3 2.2E 102 2.E 8
AU 106 3.60 ;1F19 4 A, 0 1iQ9 j 3.016 96 ME91 69E0

A§-440mf 4.41E 4 1.E 0 M : 9.4E-G &QO-6 2.1 i 4.3F6
Te 129m &OGE4 G6 224 6 3:E 2 1.E 7 -AO 26F6 6.9E 0

T- 129 4.1E05 1.E 6 313E 12 SkI-08 4-GE 04 !;SE 11 :1E0
Te 131 3:2E 4 12 9 :4E 11 6-.9 G; 8.4 6 3~-691 23 0Q6

Te11 .E S 2:E16 &S 12 131E 0 8.0606 3.0FG 4.4E 08
ME02 13F I 2.9 9G9 73 0 O-06 3A 9-2 .O

Te 13 4 Ar 4 1.1 07 M 1 IQE 06 9.01E06 ME91 3.1 E06
:1.2fi&~4 03 43E 0 A 1 M 6 11.91E 4 3.7i004E7

H"3.6E 92 1:31 I 9 2-GE9 7.1 5 ;a as; 2.6E-O1 2.1E
G9 134 2.4 3 M 9 1E1 .- 6 E0 .E0 11.9E 4 94

11ý .6E 0 SAE 08 -61EQ :2 G 3.9E- 06 ME G
G9 136 ME 0G4 11F 7 11 l 6.;E 07 6.0E 06 2.E9MEG

Q9 13; M 03 1:E8 2.01 19 4SG6 :191 6 3A-G 02 29E04
Ba 40 .2 9 1.6118 26E:1 94E -O61 Q 8 0-6 3 1 31EG
-A 4Q 403 .E 4:6 10 i; 05-O M3E 0 49E0

GeW .9 0 19E16 2:91E:12 M ; 3.IE G6 4Aý11E 9- 9AE-QS
rce-43 6i U04 ;krw gr i 13k0 29E06 !.BE 06
PF 143 S.GE 96 -9 6 29 1 I 7 29 " 7.01E 01 1.SE 07
rce 44 44&04 4.&W29E 06 3.-O 6 ME9 2.E0
PP44 +4&3~03 4.4&+; 44F-14 2.9E 6 6.OE 04 2.E91 46
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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 Umits Umit
nudide (Ciyr) (Bq/yr) mCtn (IW/d (iCi/ml) (Bq/mi)

M-1 1.1lilI64H .6 6 .+ 10-9033 9.602

r/
RAI 101, Question
11.02-5
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10 CFR 20 Appendix B ] Discharae
Radio- Total Discharae Concentration Limits Fraction
nucilde (Cihir) 1 (Babrl WCi/mi) (Ba/ml•n Ci/ml) Ba/ml of Limit

Activated Corrilon Products
Na-24 5.72E-03 2.12E+08 3.32E-10 1.23E-05 5.OOE-05 1.85E+00 6.64E-06
Cr-5.1 9.60E-04 355E+07 5.57E-11 2.06E-06 5.OOE-04 1.85E+01 1.11E-07
Mn-54 5.10E-04 1.89E+07 2.96E-11 1.09E-06 3.OOE-05 1.11E+00 9.86E-07
Fe-55 3.80E-04 1.41E+07 2.20E-11 8.16E-07 1.O0E-04 3.70E+00 2.20E-07
Fe-59 9.OOE-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.OOE-05 7.40E-01 4.18E-06
Co-60 1.70E-04 6.29E+06 9.86E-12 3.65E-07 3.OOE-06 1.11E-01 3.29E-06
Zn-65 1.60E-04 5.92E+06 9.28E-12 3.43E-07 5.OOE-06 1.85E-01 1.86E-06
W-187 4.30E-04 1.59E+07 2.49E-11 9.23E-07 3.OOE-05 1.11E+00 8.31E-07
NP-239 5.40E-04 2.OOE+07 3.1 3E-11 1.1 6E-06 2.OOE-05 7.40E-1 1.57E-06

Fission Products
Sr-89 4.OOE-05 1.48E+06 2.32E-12 8.58E-08 8.OOE-06 2.96E-01 2.90E-07
Sr-91 7.OOE-05 2.59E+06 4.06E-12 1.50E-07 2.OOE-05 7.40E-01 2.03E-07

Y-91m 5.OOE-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 1.91 E-1 1 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.OOE-05 7.40E-01 3.48E-07
Nb-95 9.OOE-05 3.33E+06 5.22E-12 1.93E-07 3.OOE-05 1.11E+00 1.74E-07
Mo-99 1.63E-03 6.03E+07 9.45E-1 1 3.50E-06 2.OOE-05 7.40E-01 4.73E-06

Tc-99m 1.59E-03 5.88E+07 9.22E-1 1 3.41 E-06 1.OOE-03 3.70E+01 9.22E-08
Ru-103 2.34E-03 8.66E+07 1.36E-10 5.02E-06 3.OOE-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 6.1OE-05 3.00E-06 1,1iE-01 5.49E-04

Aq-110m 4.10E-04 1.52E+07 2.38E-11 8.80E-07 6.O0E-06 2.22E-01 3.96E-06
Te-129m 6.OOE-05 2.22E+06 3.48E-12 1.29E-07 7.OOE-06 2.59E-01 4.97E-07
Te-129 4.OOE-05 1.48E+06 2.32E-12 8.58E-08 4.OOE-04 1.48E+01 5.80E-09

Te-131m 2.90E-04 1,07E+07 1.68E-11 6I 2-07 8.OOE-06 2.96E-01 2.1OE-06
Te-131 5.OOE-05 1.85E+06 2.90E-12 1.07E-07 8.OOE-05 2.96E+00 3.63E-08
1-131 3.54E-02 1.31 E+09 2.05E-09 7.60E-05 1.OOE-06 3.70E-02 2.05E-03

Te-1 32 4.50E-04 1.67E+07 2.61 E-1 1 9.66E-07 9.OOE-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 4.21 E-02 1.56E+09 2.44E-09 9.04E-05 7.00E-06 2.59E-01 3.49E-04

Cs-1 34 2.45E-03 9.07E+07 1.42E-10 5.26E-06 9OOE-07 3.33E-02 1.58E-04
1-135 1.69E-02 6.25E+08 9.80E-10 3.63E-05 3.OOE-05 1.11E+00 3.27E-05

Cs-I 36 2,90E-04 1.07E+07 1.68E-1 1 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.OOE-06 2.96E-01 2.85E-05
La-140 7.12E-03 2.63E+08 4.13E-10 _5E5 9.OOE-06 3.33E-01 4.59E-05
Ce-141 5.OOE-05 1.85E+06 2.90E-12 1.07E-07 3.00E-05 1.11 E+00 9.67E-08
Ce-143 5.70E-04 2.11 E+07 3.31 E-1 1 1.22E-06 2.OOE-05 7.40E-01 1.65E-06
Pr-143 5.OOE-05 1.85E+06 2.90E-12 1.07E-07 2.OOE-05 7.40E-01 1.45E-07
Ce-144 1.23E-03 4.55E+07 7.13E-11 2.64E-06 3.OOE-06 1.11E-01 2.38E-05
Pr-144 1.23E-03 4.55E+07 7.13E-11 2.64E-06 6.OOE-04 2.22E+01 1.19E-07

H-3 1.66E+03 6.14E+13 9.63E-05 3.56E+00 1.OOE-03 3.70E+01 9.63E-02
S1 0 _TOTAL 9.98E-02
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Table 3.5-16- Obtainable Dose Benefits for Liquid Waste System Augment
J

Cae-""•Population Total Populati rid Dose
Body Dose - Person-Rem .,,,rerson-Rrem

Cases (Person-Sievert)('1) ,, (Person-Sievert)(')
Base Case 3.Evaporator/Centrifuge only, 5E-01 2.91E-01

no Waste Demineralizer

Additional Waste Demineralizer4E-00- 1.37E-01
_,- ý l.54-03)(1.37E-03)

Obtainable dose benefit 2.31E-01 1.54E-01
(2.31 E-03) (1.54E-03)

Note:
(11Populati obse estimates described in Section 5A.4

J

[Delete Table

RAI 101 Question
11.02-2
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Table 3.5-17- Liquid Waste System Augment Total-Body Dose Cost-Benefit AnalyI

Parameter Value
Annual Total-Bb collective dose benefit to the population 0.23 person-re•,f

within miles of the BBNPP site. (0.0023 person- vert)
Nominal total collective d over 40 years of operation (0.23 9.2 ppn-rem

person-rem x 40 y?*•.2 person- rem) (0.0 erson-sievert)
Value for estimating impact ba on NUREG-1530 K,000 per person-rem

,,_15200,000 per person-sievert)
Obtainable benefit from addition of radwaste cessing and $18,400

control option (9.2 person-rem x $2,000/person-rem 18,400)
Cost Options for radwaste processing and control techno 400 gpm demineralizer for clean waste processing (a)

upgrade from Regulatory Guide 1.110
Direct cost for option using methodology in Regulat uide $146,000

1.110, Table A-1 based on 1975 Dolla
Total O&M Annual Cost (From RegulatoryX de 1.110, Table $9,700

A-2 based on 1975 D rs)
Total cost over 40 years of oper n (direct cost + O&Mx40 $534,000

,ers)

Benefit/ost Ratio tvl•dj greater than I snoulu be incluueu In
plant syste7raesign) $18,400 / $534,000 = 0.03)

Note:
(a) Thý ean waste reflects the nomenclature in GALE and the sizing is based on the EPR GALE input Table 3.5-4.

FDelete Table I

RAI 101 Question
11.02-2 1
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Table 3.5-18- Liquid Waste System Augment Thyroid Dose Cost-Benefit Analysis

Parameter Value

Annual thyroid e•ective dose benefit to the population within 0.15 person-rem
5T!Ies of the BBNPP site. (0.0015 person-sie )

Nominal total collective aover 40 years of operation (0.15 6.0 perso em
person-rem x 40 yP6.0 person- rem) (0.060 on-sievert)

Value for estimating impact based o UREG-1 530 (Note: 10 $2,000 per person-rem
CFR Part 50, Appendix I has $1,000 ýperson-rem) , 00,000 per person-sievert)

Obtainable benefit from addition of radwaste cessing and $12,000
control options !

Cost Options for radwaste processing and control techno 400 gpm demineralizer for clean waste processing (a)

upgrade from Regulatory Guide 1.110

Direct cost for option using methodology in Regulato ide $146,000
1.110 based on 1975 Dollars

Total O&M Annual Cost (From Regulatory G 1.110, Table $9,700
A-2 based on 1975 Dol

Total cost over 40 years of operati irect cost + (O&M x 40 34,000
ye

Benefit/Cost Ratio (Value reater than 1 should be included in 0.02
plant system sign) ($12,000 / $534,000 = 0.02)

Note:
(a) The, nwaste reflects the nomenclature in GALE and the sizing is based on the EPR GALE input Table 3.5-4.

rDelete Table

RAI 101 Question
11.02-2
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Table 3.5-20- Obtainable Dose Benefits for Gaseous Waste System Augment

II
I
I

IDelete Table I

RAI 101 Question
11.02-2

BBNPP 3-114
© 2007-2012 UniStar Nuclear Services, LLC. All rights reserved.

COPYRIGHT PROTECTED

Page 248 of 277

Rev. 3



August 20, 2012

ER: Chapter 3.0

BNP-2012-197 Enclosure 2

Radwaste Systems and Source Terms

le 3.5-21 - Gaseous Waste System Augment Total-Body / Thyroid Dose Cost Benefit Analysi

Parameter Value(a)

Annual whole- dy / Thyroid collective dose benefit to the 0.05 person-rem
population " hin 50 miles of the BBNPP site. (0.0005 person-sieve

Nominal total collective e over 40 years of operation (0.05 2.0 person-re
person-rem x 40 = 2.0 person-rem) (0.02 perso aevert)

Value for estimating impact ba d on NUREG-1 530 $2,000 person-rem
($200, per person-sievert)

Obtainable benefit from addition of radwa processing and
control option $4,000

(2.0 person-rem x $2000/person-rem =$4,

Cost Options for radwaste processing and controN. -ochralbsbe
technology upgrade from Regulatory Guide 1.110 n charcoal absorber

Direct cost for option (using methodology in Regulato $67,000
Guide 1.110, Table A-I based on 1975 Dollars..

Total O&M Annual Cost
(From Regulatory Guide 1.110, Table A-2 sed on 1975 Negligible

Dollars

Total cost over 40 yea f operation 7,000
(direct cost + x40 years)

Benefit/Cost Ratio (Valuespreater than 1 should be included
in 05nt system design) 0.06

Z s4,000 / $67,000 = 0.06)

Note:/
(a) Si Zthe dose reduction benefit for both the total body and the thyroid give the same collective dose savin the cost
Wefit results are directly applicable to both the total body and thyroid evaluations.
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5.4 RADIOLOGICAL IMPACTS OF NORMAL OPERATIONS

The radioactive waste management systems, as discussed in Section 3.5, are designed such
that the radiological impacts due to the normal operational releases from BBNPP are within
guidelines established in Appendix I to 10 CFR 50 (CFR, 2007). This section evaluates the
impacts of radioactive effluents on human beings and other biota inhabiting the general
vicinity of the BBNPP site resulting from expected routine operations. Primary exposure
pathways to man are examined and evaluated according to the mathematical model
described in Regulatory Guide 1.109 (NRC, 1977a). The resulting radiological impacts for
BBNPP are compared to regulatory limits for a single unit.

In addition, the radiological impact of BBNPP in conjunction with Susquehanna Steam Electric
Station (SSES) Units 1 and 2, including direct radiation, is compared to the corresponding
regulatory limits under 40 CFR 190 (CFR, 2007b).

The radioactive waste system's cost benefit analysis is provided in ER 3.5. It includes the dose
impact to the general population within 50 mi (80 km) radius from routine operations of
BBNPP.

Finally, consideration of the dose impact to biota other than man that appear along the
RAI 101, Question xposure pathways or that are on endangered species lists is presented. Other than the

11.03-2 !1ndangered species identified, there are no unusual animals, plants, agricultural practices,
game harvest or food operations in the vicinity of BBNPP that need to be considered for
radiological impacts. R ,gulaf...; guid:. .. f. uso ef the site boundary f.r ga.. .. . dose
Ezalzbir: Site Elei@In EhorngeS rzulted ninw inr hanges te the site bcUndary durin~g the
Peried dese ealetulatiorn wero pellormed. Rathelr than. aojust gaseeus effluents dese
ea i ulatioris with- ea~h Eh-ange ef site bourmdary, gaseetuz effluent deses wero ins~tead
EeR-.zzratiYvdy Eakul~atd at the QWReor CoR~trlled Arzo bouredory Which romfainod EeR.stall.

5.4.1 Exposure Pathways

Routine radiological effluent releases from BBNPP are a potential source of radiation exposure
to both humans and biota other than man. The major pathways are those that could lead to
the highest potential radiological dose to humans and biota. These pathways are determined
from the amount and isotopic distribution of activity released in liquids and gases, the
environmental transport mechanism, and how the BBNPP site environs are utilized (e.g.,
location of the Owner Controlled Area (OCA) boundary, residences, gardens, milk animals,
beaches, etc.) and the consumption or usage factors applied to exposed individuals. The
environmental transport mechanism includes the BBNPP site-specific meteorological
dispersion of airborne effluents and aquatic dispersion in the Susquehanna River of liquid
releases. This information is used to evaluate how the radionuclides will be distributed within
the surrounding area. The gaseous an~d direet rodliatien dee a~ eswtyeyElwae

RAI 101, Question
11. 03-2 PT1he pot~ential exposure pathways are impacted by both aquatic (liquid) and gaseous effluents.

The radioactive liquid effluent exposure pathways include internal exposure due to ingestion
of aquatic foods (fish and invertebrates), external exposure due to recreational activities on
the shoreline and in the water (swimming and boating), ingestion of irrigated crops, and
drinking water.

The radioactive gaseous effluent exposure pathways include external exposure due to
immersion in airborne effluent and exposure to a deposited material on the ground plane.
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Internal exposures are due to Ingestion of food products grown In areas under influence of
atmospheric releases and inhalation.

An additional exposure pathway considered is the direct radiation from the facility structures
during normal operation of BBNPP.

The description of the exposure pathways and the calculation methods utilized to estimate
doses to the maximally exposed individual and to the population surrounding the BBNPP site

RAI 101, Question are based on Regulatory Guide 1.109 (NRC 1977a)and Regulatory Guide 1.111 (NRC 1977b).
11.02-5 The source terms used In estimating exposure pathway doses are based on the projected

normal effluent values provided in Section 3.5. The source term for both liquids and gases are
calculated using the Nuclear Regulatory Commission GALE code for PWRs (NRC, 1985).110% of 1 As i icated in Section 3.5, the liquid and gaseous source term for BBNPP was generated with
thea to- shim bleed flow rate of 2160 gpd (8176 lpd) to reflect total letdown flow for boron
control wit" the reactor coolant liquid being recycled. This deviates from the GALE
application in the U.S. EPR FSAR where it was assumed that 5% of the letdown flow was sent to
the liquid waste system for processing. This approach better approximates anticipated
operations. The primary Impact of this input assumption to the GALE code causes the annual
release of Kr-85 to drop from a very conservative estimate of 34,000 Ci (1.26E+06 GBq) to 2,800
Ci (1.04E+05 GBq) in gaseous effluents. In addition, the GALE code has a fixed annual release
value for C-14 of 7.3 Ci (270 GBq), (NRC, 1985) regardless of size (power output) of the reactor,
and with no determination of the chemical form of the carbon in the waste gas. This fixed C-14
production in GALE does not recognize that its production in nuclear power plants is mainly
produced by activation of 0-17 content of water in the primary coolant circuit. The quantity
released is directly linked to energy provided by the reactor. Since the U.S. EPR is significant
larger (approximately 1,600 MWe) than the size of power plants when the GALE code was
developed, the annual release of C-14 is increased for analysis purposes to 18.9 Ci (0.7 TBq)
which is estimated to be In the chemical form of .% F.eth--. and .....,M-1.4-carbon dioxide.

1_00% RAI 101, Question
5.4.1.1 Liquid Pathways oo0831 _ ." 111.02-5

BB 10 0190 Treated liquid radwaste effluent is released to the Susquehanna River at a flow rate of 11 gpm

(42 Ipm) (see Section 3.3.1) via the BBNPP discharge line situated downstream of the
Combined Waste Water Retention Pond. The average discharge flow rate from the retention
pond for waste water streams other than treated liquid radiological waste, is conservatively
assumed to be 8,654 gpm (0.5459 m3/sec), resulting in a total average flow of 8,665 gpm
(0.5466 m3/sec) for all liquid effluents discharged to the river. Retention basin flow provides
dilution flow to discharged treated liquid radiological waste. As shown in Table 5.4-1, a
near-field dilution factor of 11.8 (a mixing ratio of 0.085) was utilized for calculating the
maximum individual dose to man for exposures associated with fish and invertebrate
ingestion and boating pathways. For swimming and shoreline exposure pathways, an
environmental dilution factor of 44 (a mixing ratio of 0.023) was applied for the maximum
impacted shoreline. This value is based upon the maximally impacted shoreline dilution factor.
These dilution factors are based on a submerged, multi-port diffuser (with seventy-two
nozzles), a discharge line situated near the shoreline with the nozzles directed out into the
Susquehanna River. Table 5.4-2 provides far-field dilution factors. The physical description of
the cooling water discharge system is provided in Section 3.4. Dilution effects for both
near-field and far-field mixing are described in Section 5.3.
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A dose assessment for a hypothetical maximum individual, where all applicable receptors
were located at the GA, be•da.F.y was also calculated to account for the possibility for future
patterns not commonly practiced.

maximum offsite RAI 101, Question
5.4.3 Impacts to Members of the Public ' lcto 111.03-2

Appendix I to 10 CFR Part 50 (CFR, 2007a) provides design objectives on the levels of exposure
to the general public from routine effluent releases that may be considered to be "as low as
reasonably achievable" (ALARA). The estimated doses to individuals in the general public in
the site vicinity, for the pathways described in Section 5.4.2.1 and Section 5.4.2.2, demonstrate
that the proposed plant design is capable of keeping radiation exposures consistent with the
ALARA objectives. In addition to the ALARA dose objectives for individuals, 10 CFR 50
Appendix I also requires that an evaluation of alternate radwaste system designs be made to
determine the most cost-benefit effective system to keep total radiation exposures to the
public as low as reasonably achievable. This cost-benefit evaluation, comparing costs of
alternate radwaste systems against their ability to reduce the population doses from plant
effluents, is discussed in Section 3.5.2.3 for liquid waste systems process options, and Section
3.5.3.3 for the gaseous waste system alternative design. The cost-benefit ratios for the
alternative radwaste augments investigated indicate that no alternate system to the present
plant design can be justified on a cost effective basis.

For gaseous effluent ingestion pathways of exposure, the production of milk, meat and
vegetables grown within 50 mi (80 km) has been included in the estimation of dose along with
plume, ground plane exposures and inhalation. For liquid pathways, the population that can
be supported by the recorded harvest of fish and shellfish (invertebrates) within 50 mi (80 km),
along with estimated recreational uses of beaches and boating activities, are factored into the
aquatic pathway population dose impact assessment. RAl 101, Question111.03-2
The population dose assessments which were used in the cost-benefit analysis are based on
the models and dose factors given in Regulatory Guide 1.109 (NRC, 1977a). The population
which is projected to be contained within 50 mi (80 km) of the site for in the year 2960 has
been used for calculating annual population doses for the gaseous releases. Y'-

In addition to the BBNPP dose impacts assessed for the maximum exposed individual and
general population, the combined historical dose impacts of SSES Units 1 and 2 and a future
projection of the dose impacts of the SSES ISFSI are added to the BBNPP projected impacts to
compare to the uranium fuel cycle dose standard of 40 CFR 190 (CFR, 2007b). Since there are
no other fuel cycle facilities within 5 mi (8.0 km) of the BBNPP/SSES site, the combined impacts
for three units can be used to determine the total impact from liquid and gaseous effluents
along with direct radiation from fixed radiation sources onsite to determine compliance with
the dose limits of the standard 25 mrem/yr (0.25 mSv/yr) whole body, 75 mrem/yr (0.75 mSv/
yr) thyroid, and 25 mrem/yr (0.25 mSv/yr) for any other organ). Table 5.4-23 illustrates the
impact from SSES Units 1 and 2 over a recent eight year historical period. Using the highest
observed annual dose impact from SSES Units 1 and 2, Table 5.4-24 shows the combined
impact along with the projected contributions from BBNPP.

5.4.3.1 Impacts From Liquid Pathways

Release of radioactive materials in liquid effluents to the discharge flow, from where they mix
with the Susquehanna River, results in minimal radiological exposure to individuals and the
general public. The use of the Susquehanna River for agricultural irrigation is minimal
accounting for approximately 1 % of all agriculture in the 50 mi (80 km) radius surrounding
BBNPP. As such, water irrigation of farm fields is not assumed for the population pathway
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assessments around the BBNPP site. Since it is a possible pathway for a given individual, it was
retained for the assessment of the maximally exposed individual.

With respect to drinking water, the Pennsylvania Division of Drinking Water Management has
identified a total of three municipal water supplies using the Susquehanna River as a source of
water within the 50 mi (80 km) radius, downstream of the BBNPP liquid discharge. Two of the
three are in Danville of Montour County, approximately 30 mi (48 km) down river. The third
supply is in Sunbury of Northumberland County, approximately 40 mi (64 km) down stream.
The annual average dilution for these locations is estimated to be 500 to 1 and the transit time
to the nearest public water supply is estimated to be about 63 hours. The combined pumping
capacity is recorded as 11.5 million gpd (43.5 million Ipd), and is a water supply for a total of
15,940 people.

The BBNPP annual radiation exposures to the maximum exposed individual via the pathways
of aquatic foods and shoreline deposits are provided in Table 5.4-16 for total body dose to four
age groups (Adult, Teen, Child, Infant) from each dose pathway of exposure, and Table 5.4-17
for the limiting organ dose for each pathway and age group. Table 5.4-18 summarizes the
liquid effluent dose to a hypothetical MEI. Population dose impacts within a 50 mi (80 km)

RAI 101 Question dius of the BBNPP site are listed in Table 5.4-19.
111.02-2

Fop thie eest benecfit assesment of liqluid radielegical waste eeluipmcnet epti~l.:, the annUal
Fec~ i eas rcec tecrrnz prcdUccd with and witheut decmirecrzizRe Pr~ecczzirg ef eyapefateF andI
Eetcrftrifge trcated liqluid waste strcams arc listed ion SectiOn 3.5.2.3. The Eeest enef
ppultir d as..s..... smcnt . .alu.at.d the "unadjusted" r.le .feR. the twz waste

pr~cz~ng ptizn: in eFrdcr tC assess the rclatiye dliffecrce l~c btwem nthe tWeEases f
pAscc:iang with and witheut a- wsthe mdminmexpliz se. H iwdvdr, tutal auxp dted annual
drdiiatRYleactive musedteril d itrn ithe efhexpntsd lipetid pfpulatin dose in Tablhe 5. 1i9
*ncH!tides an adjustment to 0CFRPat for the patdntiao aetioipated 3.p5lztieRal sosthat rncc that
addl te the expected trcateed di~charge Strccm. ThiS adjUztffint faetfr add:s 0.16 cuic .c ,cF
tc thc ntrato effluengt. The liquid effl usuentnnavtien daso Peet thd in Sefuent 3.5.2.3 ulse
the unadjusted Feesss asc neCttC be deminirted by thec adjustmenrt facter whieh is r.Ct
.mfpactcd by any trcatmcnt eptien.

As can be seen from Table 5.4-18, the maximum exposed individual annual doses from the
discharge of radioactive materials in liquid effluents projected from BBNPP meets the design
objectives of Appendix I to 10 CFR Part 50. In addition, Section 3.5 shows that the effluent
concentration being discharged to the Susquehanna River also meets the effluent release
standards of 10 CFR Part 20, (Appendix B, Table 2, Column 2). The maximally exposed
individual dose calculated from liquids was also included in the BBNPP site assessment of
40 CFR 190 criteria as shown in Table 5.4-24.

Based on this, the release of radioactive materials in liquid effluents results in minimal
radiological exposure to individuals and the general public. As such, the impacts would be
SMALL and do not warrant mitigation.

5.4.3.2 Impacts From Gaseous Pathways

The release of radioactive materials in gaseous effluents from BBNPP to the environment
results in minimal radiological impacts. Annual radiation exposures to the maximum exposed
individual near the BBNPP site via the pathways of submersion, ground contamination,
inhalation and ingestion are provided in Table 5.4-20 for the four age groups of interest.
Table 5.4-21 provides a summary of the dose to the MEI compared to the dose limits of 10 CFR
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RAI 101, Question 11.02-3(1-4) I

A ndix I. Table 5.4-21 indicates that the critical organ dose to the current real MEI is
mrem/yFt pSv/yr) to a child's bone via the identified exposure pathways in the BBNPP site
vicinity. All projected dose impacts are well within the design objects of Appendix I. If a offsite
hypothetical individual is postulated to be exposed to all potential pathways (ground ne,
inhalation, vegetable gardens, goat's milk and meat) at the same limiting BPP -GCA
beiuda.y location, the maximum critical organ (child bone) dose increases to 4- mrem/yr (4-L
pSv/yr) which is still below the ose objectiv 50, Appendix I, Secti ll.C (CFR,
2007a). RAI 101, Question111.02-3(1-4) 1'-
Population dose impacts within a 50 mi (80 km) radius of the BBNPP site from atmospheric
releases from BBNPP are listed in Table 5.4-15. Annual production rates of milk, meat, and
vegetables for the 50 mi (80 km) radius are provided in Table 5.4-9 through Table 5.4-12. Fef
t-he Ecat benefit assessment ef easecus .adi"legial waste eeuipment pteins, the anr,,ual

I

Fezease zzurzze te~rrz PFOEIU~e By pF---zzlng ---z waste Purgz gas En-.rugr. Enz sase
Eenfigurcatien- ef thrzze Ehzarzzl delay bes as well as the effe~t ef adelirg a~ feurth delay bed in.
scries, arz przyided in Seztien 3.5.3.3. The estima~ted heldup tiffie fer de~ay bcferz Felease3r

P•a l 11M r ,=a ct ein n -• • pF '•; u";= a;;•;r vvf ; -'; , .............. ..... I . .........

11.03-2 ......... V
Thee ed population distribution in the year • within a 50 mi (8Q km) radius of the
BBNPP site is giv ection 2.5.1. The total effective dose equivalent to i ividuals living in
the U.S. from all sources o I background radiation averages about 300 rem/yr (3 mSv/
yr) (NCRP, 1987). Therefore, the 50 mýi opulation ( 6, in year 2060 projected in
the BBNPP site area will receive a collective popu idse of app imately . +05
p n ,400on person-Sv/yr) from natural backgroun tio . Z.2

The concentrations of radionuclides released as gaseous effluents at BBNPP conform to the
limits as specified in Column 1 of Table 2 of 10 CFR Part 20 Appendix B (CFR, 2008).
Table 5.4-22 shows that the cumulative air concentrations of all radionuclides released is
approximately 2% of the levels permissible under 10 CFR 20 Appendix B.

I

I

I

In addition, the maximally exposed individual dose calculated was also compared to 40 CFR
190 criteria (CFR, 2007b) as shown in Table 5.4-24.

Based on this, the release of radioactive materials in gaseous effluents from BBNPP to the
environment results in SMALL radiological impacts and do not warrant mitigation.

5.4.3.3 Direct Radiation Doses

Direct radiation doses are discussed in Section 5.4.1.3. Table 5.4-24 includes a projected direct
dose (assuming full time occupancy) to the nearest OCA boundary, from BBNPP as part of the
total site dose assessment for compliance with the uranium fuel cycle dose standards of 40
CFR 190.

Based on these projections, direct radiation doses from BBNPP to the environment results in
SMALL radiological impacts and do not warrant mitigation.

Impacts to Biota other than Members of the Public

I

5.4.4

Environmental exposure pathways in which biota other than humans could be impacted by
plant radiological effluents were examined to determine if doses to biota could be
significantly greater than those predicted for humans. This assessment was based on the use
of surrogate species that provide representative information on the various dose pathways
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NRC, 1987. GASPAR II - Technical Reference and User Guide, NUREG/CR-4653, Nuclear
Regulatory Commission (by Pacific Northwest Laboratory), March 1987.

NRC, 1999. Standard Review Plans for Environmental Reviews for Nuclear Power Plants,
NUREG-1 555, Nuclear Regulatory Commission, October 1999.

ORNL, 1983. Radiological Assessments, A Textbook on Environmental Dose Analysis, NUREG/
CR-3332 (ORNL-5968), Nuclear Regulatory Commission, September 1983.
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SSES, 2010. "Susquehanna Steam Electric Station, 2010 Land Use Census," Susquehanna
Steam Electric Station, November, 2010.
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Table 5.4-13- Distance to Nearest Gaseous Dose Receptors

OCAM1 } Boundary Residence Vegetable Garden Meat Animal(2 ) Milk Animal
Sector (mi/m) (mi/km) (mi/km) (mi/km) (mi/kin)

N 0.26/418 0.78/1.3 0.52/0.83 0.50/0.80 -

NNE 0.26/426 0.79/1.3 0.87/1 A 0.5 1/0.82 -

NE 0.32/507 1.0/1.7 1.4/2.3 0.62/0.99 -

ENE 0.32/519 1.8/2.9 1.7/2.8 1.4/2.2 -

E 0.30/478 1.4/2.2 1.4/2.3 1.3/2.2 -

ESE 0.20/323 1.4/2.3 1.1/1.8 1.1/1.8 -

SE 0.17/270 0.79/1.3 0.91/1.5 0.58/0.94 -

SSE 0.16/263 1.0/1.6 1.0/1.6 0.51/0.82 -

S 0.16/263 1.1/1.7 0.50/0.81 0.50/0.80 3.0/4.9
SSW 0.17/268 1.0/1.7 0.25/0.41 0.57/0.92 0.74/1.2
SW 0.17/268 0.47/0.76 0.28/0.45 0.39/0.63 4•Q4-6--.

WSW 0.16/251 0.63/1.0 0.37/0.60 0.33/0.54
4 4 + 4 4- .--.-.

W 0.15/239 0.37/0.60 0.51/0.82 0.33/0.53 4.0/6.5 1
WNW 0.15/239 0.53/0.85 0.89/1.4 0.34/0.55 4. I
NW 0.15/244 0.46/0.75 0.45/0.73 0.41/0.66

NNW 0.22/359 0.80/1.3 0.83/1.3 0.50/0.81 4.0/6.4

Distances measured from the plant vent stack.

Notes:

1. "OCA" is the acronym for "Owner Controlled Area."

2. Hypothetical location at nearest Property Boundary in the sector.

3. Hyp.thztieal milk ar.ima l cistlz.

RAI 101, Question
11.03-2

BBNPP 
5-94
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Table 5.4-14- Receptor Locations for Gaseous Effluent Maximum Dose
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Table 5.4-14- Receptor Locations for Gaseous Effluent Maximum Dose
Evaluations

Location Dose Pathways Undecayed Depleted 1 DDQ/
(Distance, Sector) Evaluated ziL (sec1m3)

(sec/m 3)
Nearest(") OCA (21 l mBoundary 6.781 E-06 6.529E-06 9.765E-09

(0.16 mi WSW)

Nearest(') Residence Ground 8.178E-07 7.743E-07 5.401E-09
(1.04 mi NE)

Nearest(1) Residence Inhalation 1.417E-06 1.382E-06 3.741E-09
(0.79 mi NNE)

Nearest(') Garden Vegetables 1.472E-06 1.394E-06 9.504E-09
(0.25 mi SSW)

Nearest 1 ) Milk Animal Milk 3.564E-07 3.260E-07 2.686E-09
(0.74 mi SSW)

Nearest(') Meat Animal Meat 1.755E-06 1.639E-06 3.476E-09
(0.33 mi WSW)

Notes:

1. For a given dose pathway (i.e., plume, ground, inhalation, vegetable, milk or meat),
"nearest" refers to the fact that the location in this table was determined to be the
maximum dose location for all of the "nearest" receptor locations (i.e., the nearest
OCA boundary, residence, garden, milk animal, or meat animal within each of the 16
meteorological sectors) for that pathway.

2. "OCA" is the acronym for "Owner Controlled Area"
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Table 5.4-15- 50 Mi (80 km) Population Doses from Gaseous Effluents
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Table 5.4-15- 50 Mi (80 km) Population Doses from Gaseous Effluents

Total Body Skin Thyroid Critical Organ Bone

Pathway Person-Rem Person-Rem Person-Rem Person-Rem(Person- (Person- (Person- Person-Rem
Sieverts) Sieverts) Sieverts) (Person-Sieverts)

Plume 3.74E+00 1.44E+01 3.74E+00 3.74E+00
(3.74E-02) (1.44E-01) (3.74E-02) (3.74E-02)

Ground Plane 5.77E-03 6.77E-03 5.77E-03 5.77E-03
(5.77E-05I (6,77E-05) (5.77E-05) (5.77E-051

Inhalation 1.13E-01 1.13E-01 2.56E-01 1.64E-03

(1.1 3E-031 (1.13E-03) (2.56E-03) (1.64E-05)

Vegetable 2.51E+00 2.51E+00 2.52E+00 1.19E+01
Ingestion (2.51 E-02) (2.51 E-02) (2.52E-02) (1.19E-01)

Milk Ingestion 7.58E-01 7.58E-01 9.22E-01 3.62E+00
(7.58E-03) (7.58E-03) (9.22E-03) (3.62E-02)

Meat Ingestion 1.12E+00 1.12E+00 1.13E+00 5.44E+00
(1.12E-02) (1.12E-02) (1.13E-02) (5.44E-021

Total 8.25E+00 1.89E+01 8.57E+00 2.47E+01
(8.25E-02) (1.89E-01) (8.57E-021 (2.47E-011

Notes:

1. Based on projected 50 mile (80 km) population for the year 2080. Food production
within the 50 mile (80 km) radius is presented in Table 5.4-9 through Table 5.4-12.
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Table 5.4-16- Whole Body Dose from Liquid Effluent to MEI

1 Adult mrem/yr Teen mrem/yr Child mrem/yrPathway (pSv/yr) (pSv/yr) (pSv/yr)

5.nz

Infant mremlyr
(.Sv/yr)

0.OOE

2( 0 1 +00)

O.OOE+00
(O.OOE+O0)

Fis
1.28E-01

(1.28E+00)
7.52E-02

(7.52E-01)
3.27E-02

(3.27E-01)

4 L .4--.-

"N
Invertebrates

1.80E-02
(1.80E-01)

1.14E-02
(1.14E-01)

6.57E-03
(6.57E-02)

3.I 1 2.53E-01 4.8 -01 4.76E-01
Potable Water (3.59E+N (2.53E+00) . 5E+00) (4.76E+00)

4.08E-02 3.27E-02 3.92E-02 O.OOE+00
Irrigation (4.08E-01) .27E_0 (3.92E-01) (O.OOE+00)

3.53E-059 4 4.12E-05 3.53E-05
Shoreline (3.53E-04) (14 9E-03 (4.12E-04) (3.53E-04)

68E•"6 2 4.30E-06 3.68E-06
3. 3.0EE-0

Swimming (3. -05) (2.06E-04) .30E-05) (3.68E-05)

2.97E-05 2.97E-05 1.66E-0 2.97E-05
Boating (2.97E-04) (2.97E-04) (1.66E-04) (2.97E-04)

5.46E-01 3.73E-01 5.64E-01
(5.46E+00) (3.73E+00) (5.64E+00) (

Lert
4-16-1

RAI 101,
Question
11.02-5

BBNPP 
5-97

BBNPP 5-97
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Table 5.4-16- Whole Body Dose from Liquid Effluent to MEI

Dose Pathway Adult Teen Child Infant
mrem/y mrem/y mrem/v mrem/vr
(uSv r) (uSv/vr' tuSv-/vr (uSvNOr)

Fish 1.20E-01 7.03E-02 3.09E-02 0.OOE+00
(1.20E+00) (7.03E-01) (3.09E-011 (0.0OE+00)

Invertebrates 1.69E-02 1.07E-02 6.23E-03 0.OOE+00
(1.69E-01) (1 .07E-01) (6.23E-02) (0.0OE+00)

Portable Water 3.59E-01 2.53E-01 4.85E-01 4.76E-01
(3.59E+00) (2.53E+00) (4.85E+00) 4.76E+00)

Irrigation 3.92E-02 3.17E-02 3.85E-02 0.OOE+00
(3.92E-01) (3.17E-01) (3.85E-01) (0.00E+001

Shoreline 3.28E-05 1.83E-04 3.83E-05 3.28E-05
(3.28E-04) (1.83E-03) (3.83E-04) (3.28E-05)

Swimminq 3.78E-06 2.11E-05 4.41 E-06 3.78E-06
(3.78E-05) (2.11E-04) (4.41 E-05) (3.78E-05)

Boating 3.05E-05 3.05E-05 1.70E-05 3.05E-05
(3.05E-04) (3.05E-04) (1.70E-04) (3.05E-04)

Total 5.35E-01 3.66E-01 5.61 E-01 4.76E-01
(5.35E+00) (3.66E+00) (5.61 E+00) (4.76E+00)
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5.4-17-1

t
RAI 101,
Question
11.02-5

Table 5.4-17- Limiting Organ Dose from Liquid Effluent to MEI

Dogathwa Adult (Thyroid) Teen (Thyroid) Child (Thyroid) Infant (Thyrspkl"
my mrem/yr (IiSv/yr) mrem/yr (pSv/yr) mrem/yr (lpSv/yr) mrem/wSv/yr)

Fish • 1.13E-01 1.04E-01 1.08E-01 OOE+00Fish 1.13E+00) (1.04E+00) (1.08E+00) (O.O (0.00E+00)

Invertebrates 1C6E-02 9.56E-031 2

(1.0___ (9.56E-02) 0. t) (0.005+00)

Potable Water 6.16E-01 4.76E-01 01E+00 1.34E+00

(6.16E+00) (4.76E+00) (1.03E+01) (1.34E+01)

Irrigation 8.40E-01 .39E-0O 1.17E+00 O.00E+00

(8.40E+00) (_7_) (1.17E+01) (0.OOE+00)

Shoreline 3.53E-05

(3.53E-04) ,(1.97E-03) 4.12-04) (3.53E-04)

Swimming 3.68E-• I 2.06E-05 4.30E-06 3.68E-06

_,•E-05) (2.06E-04) (430E5 (3.68E-05)

Boating 2.97E-05 2.97E-05 1.66E-05 2.97E-05

(2.97E-04) (2.97E-04) (1.66E-04) (2.97E-04)

Tot 1.58E+00 1.33E+00 2.32E+00 ,O35+0

(I1.58E+01 ) (1 .33E+01) (2.32E+01) (1.3 " 1-I )

BBNPP 5-98
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Table 5.4-17 - Limiting Organ Dose from Liquid Effluent to MEI

Adult (Thyroid) Teen (Thyroid) Child (Thyroid) Infant (Thyroid)
Dose Pathway

mrem/yr (uSvlyr) mrem/yr (uSvlyr) mremlyr (pSvlvr) mrem/yr (uSvlyr)

1.18E-01 1.09E-01 1.14E-01 O.OOE+O0
Fish

(1.1 8E+00) (1.09E+00) (1.14E+00) (O.OOE+00)

1.1 OE-02 9.97E-03 1.05E-02 O.OOE+O0
Invertebrates

(1.1OE-01) (9.97E-02) (1.05E-01) (0.00E+00)

6.32E-01 4.89E-01 1.07E+00 1.39E+00
Potable Water

(6.32E-00) (4.89E+00) (1.07E+01) (1.39E+01)

8.74E-01 7.69E-01 1.22E+00 0.OOE+00
Irri.gated

(8.74E+00) (7.69E+00) (1.22E+01) (0.OOE+00)

3.28E-05 1.83E-04 3.83E-05 3.28E-05
Shoreline

(3.28E-04) (1.83E-03) (3.83E-04) (3.28E-04)

3.78E-06 2.11E-05 4.41 E-06 3.78E-06
Swimming

(3.78E-05) (2.11 E-04) (4.41 E-05) (3.78E-05)

3.05E-05 3.05E-05 1.70E-05 3.05E-05
Boating

(3.05E-04) (3.05E-04) (1.70E-04) (3.05E-04)

1.64E+00 1 .38E+00 2.41 E+00 1.39E+00
Total

(1.64E+01) (1.38E+01) (2.41 E+01) (1.39E+01)
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Table 5.4-18- Summary Liquid Effluent Annual Dose to MEI i 1309560
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Table 5.4-19- General Population Doses from Liquid Effluents

II

BBNPP 5-100
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RAI 101,
Question
11.02-5

Table 5.4-20- Gaseous Pathway Doses for Maximally Exposed Individuals (MEI) 'I

/
Total Body Max. Organ Skin

mrem/yr mrem/yr mrem/yr
Location Pathway (IPSv/yr) (pSv/yr) (pSv/yr

earest11 ) OCAW2) Boundary Plume 1.26E+00 1.26E+00 3.93E
16 mi (0.25 km), WSW -1.26E+01 -1.26E+01 -3.9 +01
Narest(1) Residence Ground 7.62E-04 7.62E-04 8 5E-04
1. i (.7 ki), NE -7.62E-03 -7.62E-03 .95-03

Inhalation
Adult 1.33E-02 2.47E-04 1.33E-02

(1.33E-01) (2.47E-03) (1.33E-01)
Teen 1.34E-02 3.01E 1.34E-02

Nearest(.. Resi nceE.03)E-(I.34E.01)
05ml(.5 ki), W 4 (1.34E-01) (.1E0) _________0.53 mi (0.85 \ ki), Child 1.19E-02 3.67E 1.18E-02

(1.19E-01) (3.67E-13) (1.18E-01)
Infant 6.83E-03 1.9 -04 6.79E-03

(6.83E-02) ( 1 E-03) (6.79E-02)

Ve ,etable

ult 1.66E-01 5.90E-01 1.66E-01
(1.66E+00) (5.90E+00) (1.66E+00)

Teen 2.53E-01 9.81E-01 2.52E-01Nearest(I) GardenChd 5.4-1238+0.4.0

0.51 mi (0.82 km), W (2.53E+00) (9.81 E+00) (2.52E+00)

Child 5.64E-01 2.38E+00 5.64E-01
(5.64E+•) (2.38E+01) (5.64E+00)

Infant X00 00 O.OOE+00 O.OOE+00
(0. E+00) (0.OOE+00) (0.OOE+00)

Cow Milk
Adult 4.35E 1.61 E-02 4.23E-03

z (4.35E-02 (1.61 E-01) (4.23E-02)

Nearest1) Milk Animal Teen 7.37E-03 2.95E-02 7.22E-03
0.74 mi (1.2 km), SSWA (7.37E-02) (2.95E-01) (7.22E-02)

Chil 1.67E-02 7.25E-02 1.65E-02
I (1.67E-01) (7.25E-01) (1.65E-01)

fant 3.36E-02 1.42E-01 3.32E-02
___ •eat(3.36E-01) (1. 2E+00) (3.32E-01)

Adult 2.89E-02 1.25E+1 2.89E-02

(2.89E-01) (1.25E+0 (2.89E-01)
/ Teen 2.34E-02 1 .05E-01 2.34E-02

0.51 ris(082 Mke , NAEm (2.34E-01) (1.05E+00) (2.34E-01)

Child 4.24E-02 1.98E-01 4.24E-02
(4.24E-01) (1.98E+00) (4.24E-01)

Infant 0.OOE+00 0.OOE+00 0.OOE+00
(O.OOE+00) (O.OOE+00) (. OE+00)

Note:/1. For given dose pathway (i.e., plume, ground, inhalation, vegetable, milk, or meat), "nearest" refers to e fact
tha e location in this table was determined to be the maximum dose location for all of the "nearest" rece or
lo tions (i.e., the nearest site boundary, residence, garden, milk animal, or meat animal within each of the 16
peteorological sectors) for that pathway.

2. "OCA" is the acronym for 'Owner Controlled Area."/

BBNPP 5-101 Rev. 3
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Table 5.4-20 - Gaseous Pathway Doses for Maximally Exposed Individuals (MEI)(1)

Total Max. Organ Skin
Location Pathway B (mrem/vr) (mrem/vr)

(m( (yr)2

Nearest(1) OCA 2) Boundary Plume 1.26E+00 1.26E+00 3.93E+00
0.16 mi. WSW

(1)
Nearest Residence Ground 5.28E-04 5.28E-04 5.28E-04

0.79 mi, NNE
(1) Inhalation

Nearest ()Residence Ihlto
Ners RieNcE Adult 5.83E-03 1.06E-04 5.81 E-03
0.79 mi NNE_____

Teen 5.88E-03 1.29E-04 5.86E-03

Child 5.20E-03 1.58E-04 5.18E-03

Infant 2.99E-03 8.25E-05 2.98E-03
(1) Veaetable

Ners Garden Adult 1.64E-01 7.67E-01 1.63E-01
0.25 mi SSW

Teen 2.66E-01 1.27E+00 2.65E-01

Child 6.32E-01 3.08E+00 6.31 E-01

Infant 0.00E+00 0.OOE+00 0.OOE+00
Nearest(1) Milk Animal Cow Milk

Ners mik A a Adult 1.69E-02 7.86E-02 1.67E-02
0.74 mi SSW

Teen 3.04E-02 1.45E-01 3.03E-02

Child 7.35E-02 3.56E-01 7.32E-02

Infant 1.52E-01 6.97E-01 1.52E-01
Ners(3) MeatAnmlMa

Nearest Meat Animal Adult 7.30E-02 3.53E-01 7.29E-02
0.33 mi WSW

Teen 6.11E-02 2.99E-01 6.11E-02

Child 1.14E-01 5.61 E-01 1.14E-01

Infant 0.OOE+00 0.OOE+00 0.OOE+00

Note:
1. For a given dose pathway (i.e., plume, ground, inhalation, vegetable, milk, or meat),
"nearest" refers to the fact that the location in this table was determined to be the maximum
dose location for all of the "nearest" receotor locations (i.e.. the nearest OCA boundary.
residence, garden, milk animal, or meat animal within each of the 16 meteorological sectors)
for that pathway.
2_ "•..CA" i~q the. Ar~rnnvrn fnr "f'lwn•r ('nntrnllI~d Ar•.•

3. Nearest meat animal assumed to be at limiting site boundary location since actual location
of animals within 5 miles is not available (SSES. 2010).
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Table 5.4-21- BBNPP Gaseous Effluent MEI Dose Summary

10 CFR 50 Appendix I Dose Assessment Calculated Dose 10 CFR 50 Appendix I Limit
Section

Beta Air DoseBtAiDoe4.5 (45.0) 20 (200)

ll.B.1 mrad/yr (pIGy/yr)

Gamma Air Dose 2.0(20.0) 10(00)
mrad/yr (pGy/yr)

External Total Body Dose 1.3 (13.0) 5 (50)

ll.B.2 mrem/yr (pSv/yr)

External Skin Dose 3.9 (39.0) 15 (150)
mrem/yr (pSv/yr)

II.C Organ Dose (Child, Bone)
mrem/yr (pSv/yr) 15 (150)

RAI 101, Question
11.02-3(1-4)

BBNPP 5-102
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5.4-23-1

RAI 101,
Questions,
11.02-3(1-4),
11.02-5

Table 5.4-23- Annual Historical Dose Compliance with 40 CFR 190 for SSES Units 1 & 2

/
Year Whole Body0 I Thyroid Maximum Organ(2)

mrem (pSv) mrem (pSv) mrem (pSv)

2000 1.68E-01 1.73E-01 1.73E-01
(1 .68E+00) (1 .73E+00) (1.73 0)

202.15SE-01 2.1 8E-01 AE-01
(2.1 5E+00) (2.18E+00) X2.23E+00)

1.30E+00 1.29E+00 1.31 E+00
(1.30E+01) (1.29E+o1) (1.31 E+01)

1.20E+00 1.21E+00 1.21E+00
(1.20E+01) (1.21 E+O (1.21 E+01)

1.22E+00 1.22 00 1.22E+00
200 (1.22E+01) E+01) (1.22E+01)

2005 4E-01 8.38E-01 8.34E-01
(8.3 00) (8.38E+00) (8.34E+00)

2006 5.27E-0 5.32E-01 5.32E-01
(5.27E+O (5.32E+00) (5.32E+00)

8.2X-01 8.24E-01 8.28E-01
_________2007________ 5E+00) (8.24E+00) (8.28E+00)

1.30E+O0 1.2 +00 1.32E+00
Maximum Value any Year ,(1.30E+01) (1 29E+

SSES ISFSI Projectlo 4.7E+00 4.7E+00 47E+00
(4.7E+01) (4.7E+01) (4.7E+01)

T . D t .... 6.01 E+00 5.99E+00 6.02E+00To SESDose trbuton (6.01 E+01) (5.99E+01) (6.02E+01)

Notes:
1. This is - sum of direct radiation, gaseous and liquid effluents
2. Thý aximum organ dose from liquids was summed with the thyroid dose from gases and the direct riýation

X
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Table 5.4-23- Annual Historical Dose Compliance with 40 CFR 190 for SSES Units
I &.__22

Whole Body' Thyroid2 Maximum Organ'
Year mrem mrem mrem

(i±SASv) (Sv)
2000 1.68E-01 1.73E-01 1.73E-01

(1.68E+00) (1.73E+00) (1.73E+00)
2001 2.15E-01 2.18E-01 2.23E-01

(2.15E+00) (2.18E+00) (2.23E+00)
2002 1.30E+00 1.29E+00 1.31E+00

(1.30E+01) (1.29E+01) (1.31E+01)
2003 1.20E+00 1.21E+00 1.21E+00

(1.20E+01) (1.21E+01) (1.21E+01)

2004 1.22E+00 1.22E+00 1.22E+00
(1.22E+01) (1.22E+01) (1.22E+01)

2005 8.34E-01 8.38E-01 8.38E-01
(8.34E+00) (8.38E+00) (8.38E+00)

2006 5.22E-01 5.27E-01 5.27E-01
(5.22E+00) (5.27E+00) (5.27E+00)

2007 8.25E-01 8.24E-01 8.28E-01
(8.25E+00) (8.24E+00) (8.28E+00)

2008 5.49E-01 5.49E-01 5.50E-01
(5.49E+00) (5.49E+00) (5.50E+00)

2009 1.03E+00 1.03E+00 1.03E+00
(1.03E+01) (1.03E+01) (1.03E+01)

2010 2.29E+00 2.31 E+00 7.47E+00
(2.29E+01) (2.31E+01) (7.47E+01)

2011 1.19E+00 1.19E+00 1.46E+00
(1.19E+01) (1.19E+01) (1.46E+01)

Maximum Value any Year 2.29E+00 2.31 E+00 7.47E+00
(2.29E+01) (2.31E+01) (7.47E+01)

SSES ISFSI Projection 4.7E+00 4.7E+00 4.7E+00
(4.7E+01) (4.7E+01) (4.7E+01)

Total SSES Dose Contributions 6.99E+00 7.01 E+00 1.22E+01
(6.99E+01) (7.01E+01) (1.22E+02)

Notes:
1. This is the sum of direct radiation, gaseous and liquid effluents
2. The maximum organ dose from liquids was summed with the thyroid dose from gases and the direct radiation
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EF
Inser
5.4-24-1

RAI 101,
Questions,
11.02-3(1-4),
11.02-5

:Chapter 5.0 Radiological Impacts of Normal Operations

Table 5.4-24- 40 CFR 190 Annual Site Dose Compliance

\ility Pathway
Whole Body
mrem (pSv)

Thyroid
mrem (pSv)

Maximum Organ'1l /
mrem (pSv) /

Plume
1.26E+00

(1.26E+01)
1.26E+00

(1.26E+01)
1.26E+00<

(1.26E+0;/

BBNPP

3.20E-03 3.20E-03 3.20 3
Ground (3.20E-02) (3.20E-02) (3.2E-02)

In1h.1 9E-02 3.90E-02 *.67E-04
lation (1.19E-01) (3.90E-01) (3.67E-03)

gb 5.64E-01 6.18E-01 2.38E+00
Ve (5.64E+00) (6.18E+00) (2.38E+01)

Meat 4.24E-021 4.58E-02 1.98E-01
(4.24E-01) (4.58E-01) (1.98E+00)

Milk 2.59E-02 1.10E-01 1.12E-01
_ _ _ (2.59E-01) (I.OE+±V (1.12E+00)

3.27E-02 1.08 1 1.21E-01
Fish_ _ \ (3.27E-01) (1.0 +00) (1.21 E+00)

I b7E-03 01oE-02 1.71E-02
Invertebrate (6. -02) / (.01 E-01) (1.71E-01)

Drinking water 4.85E- 1.03E+00 8.23E-03
(4.85E+0 (1.03E+01) (8.23E-02)

3.92E-02 1.1 7E+00 6.29E-02
Irrigation (3.92E-01 (1.1 7E+01) (6.29E-01)

4.12E - 4.12E-05 4.12E-05
Shoreline (4.1 -04) (4.12E-04) (4.12E-04)

Swimming ' 0E-06 OE-06 4.30E-06
S m4.30E-05) (4.3 -05) (4.30E-05)

1.66E-05 1.66E 1.66E-05
Boating (1.66E-04) (1.66E-04 (1.66E-04)

1.87E+00 1.87E+00 1.87E+00Fixed Direct (1.87E+01) (1.87E+01) (1.87E+01)

I
I

Total
4.34E+00

(4.34E+01)
6.26E+00
(6.26E+01)

6.03E+00
(6.03E+01)

SSES 1 & 2 Total 6.01 E+00 5.99E+00 02E+00/ (6.01E+01) (5.99E+01) ( 2E+01)

All Units Total 1.04E+01 1.23E+01 1.21 E+0I"
No (1.04E+02) ( 1.23 E+02) ( 1.21 E+02\)

Nloti:
1 lhe critical organ for all pathways was the child bone.

\
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Insert 5.4-24-1

Table 5.4-24- 40 CFR 190 Annual Site Dose Compliance

Maximum
FaI PathwWlay Throidga (1)

m..Lu~1 ill (U~M1 mrem (ISv)

Plum 1.26E+00 1.26E+00 1.26E+00(1.26E+01) (1.26E+01) (1.26E+011

Ground 5.28E-04 5.28E-04 5.28E-04(5.28E-03) (5.28E-031 (5.28E-03)

Inhalation 5.20E-03 1.70E-02 1.58E-04(5.20E-02) (1.70E-01) (1.58E-03)

Veqetable 6.32E-01 9.52E-01 3.08E+00(6.32E+00) (9.52E+00) (3.08E+01)

Meat 1.14E-01 1.15E-01 5.61E-01(1.14E+00) (1.15E+00) (5.61E+00)

Milk 7.35E-02 1.69E-01 3.56E-01(7.35E-01) (1.69E+00) (3.56E+00)

3.09E-02 1.14E-01 1.12E-01
BBNPP Fish (3.09E-01) (1.14E+00) (1.12E+00)

Invertebrates 6.23E-03 1.05E-02 1.59E-02(6.23E-02) (1.05E-01) (1.59E-011

Potable Water 4.85E-01 1.07E+00 7.88E-03(4.85E+00) (1.07E+01 I (7.88E-02)

3.85E-02 1.22E+00 5.87E-02Irrigation (3.85E-01) (1.22E+01) (5.87E-01)

Shoreline 3.83E-05 3.83E-05 3.83E-05(3.83E-04) (3.83E-04) (3.83E-04)

4.41E-06 4.41E-06 4.41E-06Swimming (4.41 E-05) (4.41E-05) (4.41 E-05)

S1.70E-05 1.70E-05 1.70E-05Boating (1.70E-04) (1.70E-04) (1.70E-041

Fixed Direct 1.87E+00 1.87E+00 1.87E+00(1.87E+01) (1.87E+01 I (1.87E+01)

Total 4.52E+00 6.80E+00 7.32E+00(4.52E+01) (6.80E+01) (7.32E+01)

SSES 1 &2 Total 6.99E+00 7.01E+00 1.22E+00(6.99E+01) (7.01 E+01 . (1.22E+01)

All Units Total 1.15E+01 1.38E+01 1.95E+01(1.15E+02) (1.38E+02) (1.95E+02)
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Woll5.4-29-1

RAI 101,
Questions,
11.02-3(1-4)
11.02-5

Chapter 5.0 Radiological Impacts of Normal Operations

Table 5.4-29- Dose to Biota from all Sources

_,.Izi
Effluents Uquid Gaseous Effluents Fixed Sources T, Total

mal~se All Pathways

mal Dosed) External Dose01 ) Intemal Dose Extemal Dose Exteral se Dose011

d/yr mrad/yr mrem/yr mrem/yr m /yr mrad/yr
Blota (pGy*y (pGy/yr) (pSv/yr) (pSv/yr) pSv/yr) (pGy/yr)

Fish 1.14E-01 N 8.42E-02 NA NA NA 1.98E-01
(1.14E+00) " .42E-01) (1.98E+00)

Invertebrate 5.36E-01 1.67• NA A NA 7.03E-01
(5.36E+00) (1I.67E+0•, (7.03E+00)

Algae 2.29E+00 1.72E-03 NA NA NA 2.29E+00
(2.29E+01) (1 .72E-02) (2.29E+01)

Muskrat 5.86E-01 5.56E-02 12.79E- 1.27E+00 1.87E+00 3.81 E+00(5.86+00) (5.56-01)E_01)
(5.86E+00) (5.56E-01 ( (1.27E+01) (1.87E+01) (3.81 E+01)

Raccoon 1.32E-01 3.30 2.79E-02 27E+00 1.87E+00 3.33E+00
(1.32E+00) .,QE-01) (2.79E-01) (1.2701) (1.87E+01) (3.33E+01)

Heron 1.72E+00 f 4.42E-02 2.79E-02 1.27E+006 1.87E+00 4.93E+00
(1.72E+ (4.42E-01) (2.79E-01) (1 .27E+01) 1.87E+01) (4.93E+01)

Duck 5 -01 8.30E-02 2.79E-02 1.27E+00 1. +00 3.79E+00
5.39E+00) (8.30E-01) (2.79E-01) (1.27E+01) (1.87E+ (3.79E+01)

Note: a K
1. For a ,1ximnations of total doses, assume that 1 pGy =1 lISv (1 mrad =1 mnrem).

BBNPP 5-111
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Insert 5.4-29-1

Table 5.4-29- Dose to Biota from all Sources

Effluents Liuid Gaseous Effluents Fixed Sources Total
All Pathways

Internal External Internal Dose External Dose External Dose Dose"'
Dose () Dose" mrem/yr mrem/yr mremlyr rrad/rDose Dosedl__r

mradlyr mradlyr (uSvtvr) (uSv/vr (uSvlvr) (uGvh/rBiot (uGvlvr) (uGvlvr) ______

1.09E-01 7.85E-02 1.88E-01Fis.hh (1.09E+00) (7.85E-01) NA NA NA (1.88E+00)

5.OOE-01 1.55E-01 6.55E-01Invertebrat (5.00E+00) (1.55E+00) NA NA NA (6.55E+00)

2.13E+00 1.77E-03 2.13E+00Il ae (2.13E+01) (1.77E-02) NA NA NA (2.13E+01)

5.59E-01 5.18E-02 7.29E-03 1.26E+00 1.87E+00 3.75E+00Muskra (5,59E+00) (5.18E-01) (7.29E-02) (1.26E+01) (1.87E+01) (3.75E+01)

1.25E-01 3.07E-02 7.29E-03 1.26E+00 1.87E+00 3.30E+00
(1 .25E+00) (3.07E-01) (7.29E-02) (1.26E+01) (1.87E+01) (3.30E+01)

1.61 E+00 4.11 E-02 7.29E-03 1.26E+00 1.87E+00 4.79E+00(1.61E+01) (4.11E-01) (7.29E-02) (1.26E+01) (1.87E+01) (4.79E+01)

5.15E-01 7.72E-02 7.29E-03 1.26E+00 1.87E+00 3.73E+00(5.15E+00) (7.72E-01) (7.29E-02) (1.26E+01) (1.87E+01) (3.73E+01)

Note:
1. For approximations of total doses, assume that 1 IGy = 1 uSv (1 mrad = 1 mrem).
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