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CHAPTER 1. BWR-GALE CODE

1.1 INTP.0 DUCTION

The BWR-GALE (Roiling Water Peactor Gaseous and liquid Effluents) Code is a computerized
mathematical model for calculating the release of radioactive material in gaseous and liquid
effluents frcn boiling water reactors (BWRs). The calculatians are based on data generated from
operating reactors, field tests, laboratory tests, and plant-specific design considerations
incorporated to reduce the quantity of radioactive materials that may be released to the
environment.

The average quantity of radioactive material released to the environment from a nuclear
power reactor during normal operation is called the " source term,' since it is the source or
initial nurt'er used in calculating the en/ironmental impact of radioactive releases. The calcu-
lations perforced by the BWR-GALE Code are based on (1) standardized primary and secondary coolant
activities derived from Ameria n Nuclear Society (ANS) 18.1 Working Group recommendations (Ref. 1),
(2) release and transport mechanisms that result in the appearance of radioactive material in
liquid and gaseous waste st:eams, and (3) plant-specific design features used to reduce the
quantities of radioactive materials ultimately released to the environs.

In a BWR, water is converted to steam by heat from the fuel elements in the reactor. The
steam expands through a turbine and then is condensed and returned to the reactor. The principal
rechanisms that af fect the concentrations of radioactive materials in the reactor coolant are (1)
fission product leakage to the coolant from defects in the fuel cladding and fission product
generation in tramp uranium, (2) corrosion products activated in the core, (3) radioactivity
removed by the reactor coolant cleanup system, (4) radioactivity removed by the condensate
demineralizers, (5) radioactivity removed throug5 the steam-jet ejectors, and (6) radioactivity
removed due to reactor coolant leakage. These mechanisms are described briefly in the following
paragraphs.

Fission product enter the coolant as a result of defects in the fuel cladding and from the
tramp uraniu- on the ;ladding surfaces, while corrosion products are activated in the reactor
core. These impurities must be continuously removed from the reactor coolant ta prevent damage
to the fuel element, and other reactor components. The renoval is accomplished in two ways: (1)
after passing through the turbine, the condensed steam is processed through the condensate cleanup
system (e.g., demineralizers) and returned to the reactor for reuse and (2) a side stream of
reactor coolant is continuously withdrawn, processed through the reactor cleanup system (deminer-
alizers), and returned to the reactor vessel. Both cleanup systems remove particulates and ionic
impurities from the reactor coolant. The materials collected by the demineralizers are removed
periodically by chenical regeneration or by replacement of resins. The liquid wastes are
processed in the liquid waste treatment system, and the spent ion exchange resins are transferred
to the solid waste treatment system and prepared for offsite shipment.

Padioactive ga;es are removed from the condensing steam in the main condenser by the steam-
jet air ejectors. This source of gaseous waste is treated principally by delaying the rel(ase to
permit radioactive decay. Alternative treatment methods include holdup lines, long-term holdup
systems using charcoal delay systems, and cryogenic distillation.

Another potential release point of radioactive material is the exhaust from the turbine
gland sealing system. A sidestream of prinary steam flows through the turbine gland seal. The
steam is condensed and returned to the condenser hotwell for reuse in the reactor. However,
noble gases, activation gases, radioactive particulates, and iodine that remain in the gaseous
phase nust be vented. The treatment provided this source of gaseous waste is normally a two-
ninute holdup line that permits decay of the short-lived noble and activation gases before they
are released to the environment. Clean steam (nonradioactive steam) may be used in place of
primary steam to eliminate the gland seal as an activity release point.

Following plant shutdowns, mechanical vacuum pumps are used to reestablish the main condenser
vacuum. In addition, the mechanical vacuum pumps may be used during plant shutdowns to maintain a
slight condenser vacuum and thereby prevent outleakage of gases from the main condenser. If
required to meet the design objectives of Appendix I, the effluent from the mechanical vacuum pump
effluent could be processed through charcoal adsorbers for removal of radiciodine prior to release.
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In addition to the above release points, the EWR-GALE Code, the calculational model used for
EWR source term calculations, considers releases from the turbine, containment, auxiliary, and
radwaste buildings due to leakage from contaminated systems. Such leakage from systems containing
main steam or reactor coolant may have an appreciable effect on the radioactive source term.
Leakage may occur through valve stems, pump seals, and flanged connections. The amount of air-
borne radioactive material released is a function of reactor coolant temperature, pressure, and
activity at the point where the leak occurs. Included with the leaking steam or coolant are
nuble gases, iodine, and particulates that are released directly to the building atmospherc. In
some cases, leakage may be reduced by special design features such as vacuum leaknff drains or
" clean" steam on the valve bonnets in addition to normal precautions such as backseating valves
and using all-welded systems Leakage can also be reduced by the use of closed leakoff drains
and by increased maintenance.

Liquid waste sourcas include liquid streams used to sluice (transfer), backwash, regenerate,
and rinse demineralizer resins; laundry waste water; personnel shower wastes; laboratory drain
wastes; decontamination wastes; and water collected in equiprent drains and floor drains.

This chapter provides a step-by-step explanation of the FWR-GALE Code and a description of
the parareters that have been built into the Code for use with all BWR source term calculations.
These parameters, which apply generically to all BWRs, have been incorporated into the Code to
eliminate the need for their entry on input data cards. This chapter also describes the entries
required to be entered on input data cards used by the Code. Explanations of the data required,
along with acceptable means for calculating such data, are given for each input data card.
Chapter 2 gives the principal source tern parameters developed for use with the BWR-GALE Code and
explains the bases for each parameter. Chapter 3 contains a sample data input sheet and a
FORTRAN listing of the BWR-GALE Code. Chapter 4 lists the information needed to generate source
terms that an applicant is required to submit with the application.

1.2 DEFINITIDNS

The following definitions apply to terms used in this report:

Activation Gases: The gases (including oxygen, nitrogen, and argon) that become radioactive due
to Irradiation in the core.

Ch mical Waste Strean: Normally liquids that contain relatively high concentrations of decon-
tFinitioin~wintis~o~r chemical cor;,ounds other than detergents. These liquids originate primarily

~

from resin regenerants and laboratory waste.

Decontamination Factor (DFJ: The ratio of the initial amount of a nuclide in a strean (specified
in terms of concentration or activity of radiaoctive materials) to the final amount of that
nuclide in a stream following treatment by a given process.

Detercent Waste Stre3n: Liquids that contain detergent, soaps, or similar organic naterials.
These liquids consist principally of laundry, personnel shower, and equipment decontamination
wastes and nornally have a low radioactivity content.

Ef fective Full Power Days: The number of days a plant would havc to operate at 100; iicensed
power to produce the Tiltegrated thermal power output during a calendar year; i.e. ,

D.T
Effective Full Power Days = { (\*

""
=

whPre

P is the ith power level, in MWt;
g

P is the license power level, in MWt; and

T is che time of operation at power level i, in days.g

Fission Product: A nuclide produced either by fission or by subsequent radioactive decay or
neutron activation of the nuclides forred in the fission process.

O
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Gaseous Effluent Stream: Processed gaseous waste containing radioactive materials resulting from
the operation of a nuclear power reactor.

H i g h_-Pu ri t y Waste Stream: Liquids, rormally of low conductivity, consisting primarily of liquid
waste collected from building equipment drains, valve and pump seal leakoffs, denineralizer back-
wash, ultrasonic resin cleaning, and resin transfer. These liquids are normally reused as primary
coolant makeup water after processing.

Liquid Effluent Stream: Processed liquid wastes containing radioactive materials resulting from
the operation of a nuclear power reactor.

low-Pur_ity, Waste Stream: Liquids, normally of high conductivity and not of primary quality, col-
lected from building surps, uncollected valve and purp seal leakoffs, miscellaneous vents, and
floor drains.

PartitionCoefficient1PC): The ratio of the concentration of a nuclide in the gas phase to the
concentration of that nuclide in the liquid phase when the liquid and gas ar 3 at equilibrium.

PartitionFactodPfl: The ratio of the quantity of a nuclide in the gas phase to the total
quantity in both the liquid and gas phases when the liquid and gas are at equilibrium.

Plant _Cayacity Factor: The ratio of the average net power to the rated power capacity.

Radioactive Halogens _: The isotopes of fluorine, chlorine, bromine, and iodine. The radioactive
isotopes of iodine are the key isotopes considered in dose calculations.

Radioactive Noble Gases: The radioactive isotopes of helium, neon, argon, krypton, xenon, and
radon, which are characterized by their chemical inactivity. The radioactive isotopes of krypton
and xenon are the key elements considered in dose calculations.

Radioactive Release Rate: The average quantity nf radioactive material released to the environ-
nent from a nuclear power reactor during normal operation including anticipated operational
occurrences.

Reactor Coolant (Primary _Co_oJntl: The fluid circulated through the reactor to remove heat. In
a BWR, the fluid allowed to boil in the reactor vessel to generate steam and power the turbine.
The reactor coolant activity is considered to be constant over a range of power levels, coolant
and cleanup flav;s, and reactor coolant volumes. The radionuclide distributions and concentra-
tions for the reactor coolant and main steam are based on the values proposed in the ANS 18.1
(Ref. 1) Working Group draft standard for BWRs. Provisions are made in the BWR-GALE Code, in
accordance with the recommendations of the draft standard, for adjusting reactor coolant concen-
trations should the plant be designed to parameters that are outside the ranges considered in the
standard. The radionuclide concentrations used are representative of measured values based on
the available data. The radionuclides are divided into the following categories:

1. Noble gases

2. Halogens (Br,1)

3. Cesium and Rubidium

4. Water activation products

5. Other nuclides (as listed in Table 2-2 of Chapter 2 of this document)

Recenerant Solutions Waste Stream: Liquids containing regeneration chemical compounds that
criginate f rom regeneration of the condensate demineralizer resins.

Source Tem: The calculated average quantity nf radioactive material released to the environment
f ron a nuclear power reactor during normal operation including anticipated operational occur-
rences. The source term is the isotopic distr"ltion of radioactive materials used in evaluating
the impact of radioactive releases on the env'nnment.

Tramp Uranium: The uranium present on the cladding of a fuel rod.
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1.3 GASE0US SOURCE TERMS

The following sources are considered in calculating the release of radioactive materials
(noble gases, radioactive particulates, and iodine) in gaseous effluents from norral operation
including anticipated operational occurrences:

1. Main condenser offgas system,

2. Turbine gland sealing system,

3. Mechanical vacuum pumps, and

4 Ventilation exhaust air from the containment, auxiliary, radwaste, and turbine
buildings.

The releases of radioactive materials in ventilation exhaust air from buildings not covered
in 4. above are calculatcd to be negligible when compared to the gaseous source term from the
sources listed above and are therefore not considered individually in the source term calculations.

Calculations show that approximately 9.5 Ci/yr of carbon-14 will be released from a EWR.
All carbon-14 releases are arsumed to be in the form of a vapor from the main condenser evacua-
tion system vent.

Argon-41 is formed in the drywell by neutron activation of stable, naturally occurring
argon-40 in the drywell air. The argon-41 is released to the environment when the drywell is
vcnted or purged. Based on releases reported by licensees in semiannual reports, it is expected
that, independent of power level, approximately 25 Ci/yr of argon-41 will be released to the
environment.

The releases of radioactive materials in gaseous effluents are based on measurements made
at operating CWRs. The radiciodire, radioactive particulate, and noble gas release rates are
specified in the BWR-GALE Code and are modified only as needed to reflect treatment processes.
Gaseous releases for building ventilation exhaust systems and the main condenser offgas system
are based on the average of actual measurements.

The BWR-GALE Code also calculates tritium releases through the ventilation exhaust systems.
The annual quantity of tritium a/ailable for release is calculated using a functional relation-
ship derived from measured liquid and vapor tritium releases at operating BWRs and considering
the integrated thermal power output during the calendar year in which the releases occurred.
This relaticnship expresses total tritium as a function of power output. The tritium releases
through the ventilation exhaust systems are assumed to be the total tritium available for release
minus the tritium calculated to be released through the liquid pathway. Except for tri tium, the
radioactivity released in ventilation air is considered to be independent of the power level.
Releases from the mechanical vacuum pump are also considered to be independent of the power
level.

Chapter 2 provides iodine and particulate decontamination factors for removal equipment and
parameters for calculating holdup times for nohle gases and for calculating tritium releases.

1.4 LIj]UID 5_0URCE TERS

The following sources are considered in calculating the release of radioactive materials in
liquid ef fluents f rom normal operations including anticipated operational occurrences:

1. Processed liquid wan es from the high-purity waste system,

2. Proce; sed liquid wastes from the Icw-purity waste system,

3. Processed liquid wastes f rom the chenital waste system,

4 Processed liquid regenerant wastes, and

5. Detergent wastes.

The radioactivity input to the liquid radwaste treatment system is based on flow rates of
the liquid waste streams and their radioactivity levels, expressed as a fraction of the primary
reactor coolant activity (PCA). The primary coolant activity (PCA) is based on the recomnenda-
tions of the ANS 18.1 Working Group (Ref.1), which considers a noble cas release rate of 60,000
aci/sec af ter a 30-minute decay.
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Radionuclide removal by the liquid radwaste treatment system is tased on the following
parameters:

1. Decay during collection and processing and

2. Removal by the proposed treatment systems, e.g., filtration, ion exchange, evaporation,

reverse osmosis, and plateout.

For BWRs using a deep-bed condensate demineralizer. the inventory of radionuclides collected
on the demineralizer resins is calculated by considering the flow rate of condensate at main
steam activity that is processed through the deuineralizers and radionuclide renoval using the
decontamination factors given in Chapter 2. The radioactivity content of +he demineralizer
regenerant solution is obtained by considering that all of the activity is removed from the
resins at the interval dictated by the regeneration frequency.

Methods for calculating collection and processing times and the decontamination factors for
radwaste treatment equipment are given in this chapter. The liquid radioactive source terms are
adjustcd to corpensate for equipment downtime and anticipated operational occurrences.

For plants having an onsite laundry, a standard detergent source term, adjusted for the
treatment provided, is added to the adjusted source term,

l.S INSTPUCTIONS FOR COMPLETING BWR-GALE CODE INPUT CATA CARDS

1.5.1 PARAMETERS INCLUDED IN THE BWR-GALE CODE

The parameters listed below are built into the EWR-SALE Code since they are generally
applicable to all BWR source tern calculations and do not require entry on input data cards.

1.5.1.1 Plant Capacity Factor

0.80 (292 effective full power days per year),

1.5.1.2 Radienuclide Concentrations in the Reactor Coolant and Main Steam

See Chapter 2, Tables 2-2 through 2-5 of this document.

1.5.1.3 Noble Gas, Iodire, and Particulate Releases From Buildina Ventilation Systens Prior to
Trratrent

See Table 1-1.

1.5.1.4 Radioifdine Input Rate to Main Condenser Offcas System

5 Ci/yr per reactor downstream of main condenser air ejectors.

1.5.1.5 Main Condenser Vacuum Pumo Release

Xe-133 -- 2300 Ci/yr

Xe-135 -- 350 Ci/yr

I-131 -- 0.03 Ci/yr

1.5.1.6 Charcoal Celay Systems

for a charcoal delay systen used to treat the offgases from the main condenser air ejector,
the BWR-GALE Code calculates the holdup times for Kr and Xe. Iodine releases from charcoal delay
systens are negligible due to the large quantities of charcoal used in the system. The holdup
times for noble gases are calculated by the Code using the following eouation, and the data are
entered on Cards 31-35.

My
T = 0.262 7py,;

l-5



TABLE l-1
RELEASES FROM BUILOING VENTILATION SYSTEMS PRIOR TO TREATMENT

(in C1/yr per Reactor)

CONTAINMENT AUXILIARY TURBINE * RADWASTE
NUCLIDE BUILDING BUILDING BUILDING BUILDING

Kr-83m *+ ** ** **

Kr-85m 3 3 68 **

Kr-85 ** ** ** **

Kr-87 3 3 190 **

Kr-88 3 3 230 **

Kr-89 ** ** ** **

Xe-131m ** ** ** **

Xe-133m ** ** ** **

Xe-133 66 66 280 10

Xe-135m 46 46 650 **

Xe-135 34 34 630 45

Xe-137 ** ** ** **

Xe-138 7 7 1440 **

I-131 0.17 0.17 0.19 0.046

I-133 0.68 0.68 0.76 0.18
Co-60 0.01 0.01 0.002 0.09
Co-58 0.0006 0.0006 0.0006 0.0045

Cr-51 0.0003 0.0003 0.013 0.009
Mn-54 0.003 0.003 0.0006 0.036

Fe-59 0.0004 0.0004 0.0005 0.015

Zn-65 0.002 0.002 0.0002 0.001

Zr-95 0.0004 0.0004 0.0001 0.00005

Sr-89 0.00009 0.00003 0.006 0.0005

Sr-90 0.000005 0.000005 0.00002 0.0003

Sb-124 0.0002 0.0002 0.0003 0.00005

Cs-134 0.004 0.004 0.0003 0.0045

Cs-136 0.0003 0.0003 0.00505 0.00045

Cs-137 0.005 0.005 0.0006 0.009

Ba-140 0.0004 0.0004 0.011 0.0001

Ce-141 0.0001 0.0001 0.0006 0.0026

*For special design feature to control leakage from valves in lines 2-1/2 inches
and larger, reduce the turbine building leakage rates by a factor of five.

**Less than 1 Ci/yr per reactor for noble gases.

O
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where

K is the dynamic adsorption coefficient, in cm /g,

M is the mass of charcoal, in 10 lb,

T is the holdup time, in hr, and
3

10 N is the number of condenser shells times 10, in f t / min per shell,

1.5.1.7 CrypSenic Distillation System

for a cryogenic distillaticn system, the BWR-GALE Code uses a partition factor (PF) of
0.0001 for Xe and I and a PF of 0.00025 for Kr to calculate Xe, I, and Kr losses during separa-
tion by distillation. The Xe, I, and Kr separated by distillatiJn are con:idered to be released
following 90-day holdup. The calculated releases are the sum total of the noble gases and
iodine released from the overheads during distillation without holdup and the noble gases and
iodine released following 90-day holdup.

1.5.1.8 De ontamination Factors for Condensate Demineralizers

Other
Demineralizer Halogens Cs, R; Nuclides

Deep bed 10 2 10

Powdex 10 2 10

Note: For a system using filter /demineralizers (Powdex), a zero is entered for regenera-
tion frequency on Card 6, as explained later in Section 1.5.2.6.

1.5.1.9 Detergent Wastes

The radionuclides listed in Table 2-32 of Chapter 2 are assumed to be released unless
treatment is provided or laundry is not processed on site.

1.5.1.10 Tritium Re_ leases

Total tritium release equals 0.025 Ci/yr per MWt. The quantity of tritium released tnrough
the liquid pathway is the calculated annual volumetric liquid release times 0.01 t.Ci/ml of
tritiun in liquid waste. The cifference between the total release and liquid release is the
amount considered to be released through the plant ventilation exhaust systems.

1 S.1.11 Regyneration of Condensate Demiaeralizers

Flow rates and concentrations of radioactive materials routed to the liquid radwaste system
from the chemical regeneration of the condensate demineralizers ara based on the following
parameters:

1. Liquid flow to the demineralizer is based on the radioastivity of the main steam.

2. All radionuclides rcmoved from the condensate by the demineralizers are removed from
the demineralizer resins during chemical regeneration. The regenerant waste radioactivity is
adjusted for radionuclide decay during operation of the demineralizers.

3. The radioactivity in the regenerant wastes is adjusted for radionuclide decay on the
resins during demineralizer operation.

1.5.1.12 AyQusp ent to liquid Radwaste Source Terms for Anticipated Operational Occurrences

1. The calculated source term is increased by 0.15 Cl/yr per reactor using the same
isotopic distribution as for the calculated source term to account for anticipated occurrences
such as operator errors resulting in unplanned releases

2. Evaporators are assumed to be unavailable for two consecutive days per week for main-
tenance. If a two-day holdup capacity or an alternative evaporator is availatle, no adjustment
is reeded. If less than a two-day capacity is available, the waste excess is assumed to be
handled as follows:
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[lign-Purit Lor Low-Purity Waste--Processed tnrough an alternative system (ifa.
aVailable) using a discharge fraction consistent with the lower purity system.

b. Chemical Waste--Discharged to the environment to the extent holdup capacity or
an alternative evaporator is not available.

1.5.2 FMAMETERS REMRED FOR THE BWR-GALE CODE

The parameters described in the following sections must be entered on input data cards.
Complete the cards designated below by "(SAR/ER)" from information given in the Safety An31ysis
and Environmental Reports. Complete the remaining cards (i.e., those not designated below as
"(SAR/ER)" cards) using the principal source term parameters specified below and discussed in
Chapter 2.

1.5.2.1 Card 1: NameofPeactorlSAR/ERl
Enter in spaces 33-60 the name of the reactor.

1.5.2.2 Card 2: Thennal Power Level (SARf ERl

Enter in spaces 73-80 the maximum thermal power level (in MWt) evaluated for safety cen-
siderations in the Safety Analysis Report.

Note: Adjust all power-dependent parameters to this power level .

1.5.2.3 Card 3: Total Steam Flow Rate _(SAR/ER)_
6Enter in spaces 73-80 the total steam flow rate from the reactor (in 10 lb/hr),

1.5.2.4 Card 4: tiass of Coolant in Reactor Vessel J AR/ER)
6Enter in spaces 73-80 the mass of water in the reactor vessel (in 10 lb).

1.5.2.5 Card 5: Cleanap_Denineralizer Flew (SAR/ER)

Enter in spaces 73-80 the primary coolant flow rate (in 10 lb/hr) through the reactor
coolant cleanup system demineralizers.

1.5.2.6 Card 6: Condensate Demineralizer Regeneration Time

For deep-bed condensate demineralizers, use a 3.5-day regeneration frequency. If ultrasonic
resin cleaning is used, assume a 7-day regeneration frequency. Multiply the frequency by the
number of denineralizers and enter the calculated number of days in spaces 73-80. For filter /
denineralizers (Pow 1ex), enter zeros in spaces 73-80.

1.5.2.7 Card 7: Fraction of Feedwater Through Condensate Demineralizer (SAR/ERj_

Enter in spaces 73-80 the fraction of feedwater processed through the condensate
demineralizers.

C rd 8: DilutionFlow(SAR/EM1.5.2.8 J
3Enter in spaces 73-80 the annual average flow rate of water (10 gal / min) used to dilute

liquid waste discharged to the environment.

1.5.2.9 Cards 9-20: Liquid Radwaste Treatment jystem Input Parameters

four liquid radwaste inlet streams are considered in the BWR-GALE Code:

1. High-Purity Waste, Cards 9-11

2. Low-Purity Waste, Cards 12-14

3. Chemical Waste, Cards 15-17

4. Regenerant Solutions Waste, Cards 18-20

O
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Three input c3ta cards are used to define the major parameters for each of the four waste
strm Essentially the 53re inforr.aticn is r.eeded on the three inpJE data C3rds used for enh
of the foar strer's. The instructions given in this section are applicable to all four waste
strer's , wi th the tollowing exception: the inlet waste activity is not ertered on Card 18 for
tM regererant solutions wastes f or systems using regenerable condensate denineralizers since
th1t activity is calculatpd by the Code.

The entries reg; ired on the ;irst ca rd (9,12, and 15) for the High-Purity , Low-Parity, and
Enerical Waste Systens, respectively, are outlined below and described in nore detail in Section
1.5.2.9.l.

i. Enter ir. spacos 15-41 the name of the waste inlet stream (e.g., high-purity wastes).

Enter in spaces 42-49 the flow rate (in gal / day) of the inlet strean-

3. Entor in spaces 57-01 the activity of the inlet stream expressed as a fraction of the
prima ry coolant ac ti vi ty ( PCA).

On the first card for the Regenerate Solutions Waste System (i .e. , Card 18), enter in spaces
73-10 the flow rato of the regenerant solutions waste inlet stream

The second card (10,13,16, and 19) for each waste stream contains the overall system
decortanination f actors for three categories of radionuclides, as follows:

1. Enter in spaces 21-23 the DF for iodine.

2. Enter in spaces 34-41 the DF for cesium and rubidiun-

3. Erter in spaces 47-54 the CF for other nuclides.

The fellcaing entries are required on the third card (ll, 14, 17, and 20; for each waste
s t rea '

l. Enter in spaces 29-33 the waste collection time (in days) prior to processing.

2. Enter in spaces 48-53 the waste processing and discharge time (in days).

3. Enter in spaces 72-77 the average fraction of wastes to be disch3rged after processing.

The following sections explain in rcre detail the use of the parameters in this document
and the inferr.ation given in the SAR/ER to nake the data entries in Cards 9-20 listed above.

1.5.7.9.1 Liquid Laste Flow Ra tes and Activities (Cards 9,12,15, and 18)

Calculate flow rates acd activities to corelete the first card for each liquid radwaste
inlet strea- by using tho waste volumes and activities given in Table 1-2. To the input flow

rate: given in the table, add expected f!cws and activities more specific to the plant design as
given in the 54P/ER. The inlet strears should be combined to fcer the four principal waste
streams (high-purity, low-purity, chemical wastes, and regenerant wastes) considered in this
document. Calculate the primary coolant activity (PCA) of each of the four principal inlet
strea-; by determining the weighted average activity of the composite stream entering the w3ste
collection tanks For example, if inlet streams A, B, and C enter the low-purity W3ste collector
tank at aVErdge rates and PCA as listed below:

5trean A 1,000 gal / day at 0.0lPCA

Stream B 2,000 gal / day a t 0. lPCA

Stream C 500 gal / day at 1.0PCA

the composite A, B, C activity would be calculated as follows:

Q000 qal/davjJ0.0lPCA)_+ (_2000 pl/ day](0.lPCA) + (500 gal / day)(1.0PCA) = 0*2PCA
__

{l000 gal / day + 2000 gal / day + 500 gal / day)

The entries on Card 12 for this exanple would then be: spaces 18-41, " Low-Purity Waste", spaces
42-49, "3500", spaces 57-61, "0.2."
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TABLE l-2
BWR LIQUID WASTES

EXPECTE0 OAILY AR RAGE INPUT
FLOW RATE (in gal / day)

P'ATT WITHOUT-
FRACTION OF THE

- TlANTIiTTH L 'RIf!ARY COOLANT
ULTRASONIC RESIN ULTRASONIC RESIN ACTIVITY

SOURCE CLEANER CLEANER (PCA)

E uipment Drains3

0rywe11 3,400 3,400 1.00
Containment, auxiliary 3,720 3,720 0.01

building, and fuel pool
Radwaste building 1,060 1,060 0.01
Turbine building 2,960 2,960 0.01
Ultrasonic resin cleaner 15,000 - 0.05
Resin rinse 2,500 5,000 0.002

Subtotal 28,640 16,140 -

Floor Deains

Urywell 700 700 1.00
Containment, auxiliary 2,000 2,000 0.01

building, and fuel pool
Radwaste building 1,000 1,000 0.01
Turbine building 2,000 2,000 0.01

Subtotal 5,700 5,700 -

Cleanup phase separator 640 640 0.002
decant

Laundry drains 450 450 *

Lab drains 500 500 0.02

Regenerants** l,700 3,400 ***

-6Condensate denineralizer - 8,100 2 x 10
bac6washt

Chemical lab waste 100 100 0.02

Total 37,730 26,930

*

Listed in BWR-GALE Code; see Table 2-32.
**

Deep-bed condensate demineralizers.
***

Calculated by CWR-GALE Code.

* Filter /demineralizer (Powdex) condensate denineralizers.

O
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The input flows and activities are entered in units of gal / day and frac +, ion of PCA,
respectively.

1.5.2.9.2 Decontamination Factors for Cquipment Used in the Liquid Radwaste Treatment System
(Cards 10,13,16, and 19)

The decontamination factors (DFs) should be entered in the second card for each liquid rad-
waste inlet stream. The DFs represent the expected equipment perfomance averaged over the
life of the plant, including downtime. The following factors are to tie considered in calculating
overall decontamination factors for the various systems.

1. DFs are categorized by one of the following types of radionuclides:

a. Halogens

b. Cs, Rb

c. Other nuclides

Mote: A DF of 1 is assumed by the BWR-GALE Code for tritium. Noble gases and water
activation products are not considered in the liquid code.

2. The systen DF for each inlet stream is the product of the individual equipment DFs in
each of the subsystems.

3. Equipment that is used optionally (as required) and not included in the normal flow
scheme should not be considered in calculating the overall system DF.

Table 1-3 shows the decentamination factors to be used for BWR systems.

The following example illustrates the calculation of the decontamination factor for a low-
purity waste treatment system: Assume that low-purity wastes are collected; processed through
a filter, an evaporator, and a mixed-bed polishing domineralizer; and collected for sampling.
If required to meet discharge criteria, the contents of the waste sample (test) tank are pro-
cessed through a mixed-bed demineralizer for additional radionuclide removal . This example may
be sununarized graphically as:

Demineralizer 2 -,r
I :

#L.
Pg

Dirty waste F ilter Evaporator b- - -l Demmeralizer 1 W )'n
collector tank

Extracting from Table 1-3 gives the following values for the example:

Filter Eva pora tor Demineralizer 1 Demineralizer 2 Product

3 4
Halogens 1 10 10 1 10

4 b
Cs, Rb 1 10 10 1 10

4 0
Other Nuclides 1 10 10 1 10

These values were obtained as follows:

A DF of 1.0 was applied to all nuclides for the filter.

A DF of 10 for halogens and 10 for Cs, Rb, and other nuclides was applied for the
radwaste evaporator.

A DF of 10 was applied for halogens, Cs, Rb, and other nuclides and for the evaporator
condensate polishing demineralizer.

A DF of I was applied to the second demineralizer since this demineralizer's use is
optional and it is not used for normal operations.

The product of the DFs was obtained by combining the first four columns for each
radionuclide.
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TABLE l-3
DECpNTAMINATION FACTORS FOR BWR LIQUID WASTE TREATMENT SYSTEMS

^ D TMENT SYSTEM DECONTM11NATIOTTACTORTR

De_mi ne ra l i zer s Anion Cs, Rb Other Nuclides

Mixed-bed reactor 10 2 10
coolant cleanup

Condensate (deep bed) 10 2 10

2 2*
High-purity waste 10 (10) 10(10) 10 (10)

Low-Purity Waste

2 2!1ixed bed 10 (10) 2(10) 10 (10)
2Cation bed 1(1) 10(10) 10 (jg)

o
Anion bed 10'(10) 1(1) 1(1)

Powdex (any system) 10(10) 2(10) 10(10)

Evaporators All Nuclides Except Iodine Iodine
# 3:liscel'aneous 10 10

2 2Detergent wastes 10 10

Reverse Osmosis All Nuclides

Laendry wastes 30

Other liquid wastes 10

Filters _ 0F of 1.0 for all nuclides

For an ev3 rator polishing demineralizer or for the second denineralizer in series,
the CF is given in parentheses.

O
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_

Thus in Card 10 the following would be entered: in spaces 21-28, "10,000", in spaces
34-41, "100,000", and in spaces 47-54, "100,000."

1.5.2.9.3 Collection Time for Liquid Wastes (Cards 11, 14, 17, 20 -- Spaces 29-33)

Collection time prior to processing is based on the input flow calculated above. Where
redundant tanks are provided, assume the collection tank to be fi' led to 80T capacity. If
only one tank is provided, assume the tank to be filled to 40% capacity. For example, if flow
from a 1,000-gal / day floor drain is collected in two 20,000-gallon tanks prior to processing,
collection time would be calculated as follows:

Collection time (T ) * = 16 days
c OO

Then, for this example, "16" should be entered in spaces 23-33 on Card 14.

1.5.2.9.4 Processing and Discharge Time (Cards 11, 14, 17, 20 -- Spaces 48-53)

Decay during processing and discharge of liquid wastes is shown graphically as follows:

N

_ @J
b TankTank Discharge Canal:

L___ C FlA c

where

A is the capacity of the initial tark in the flow scheme, in gal;

B is the limiting process based on equipment flow capacity, dinensionless;

C is the capacity of the final tank in the flow schene prior to discharge, in gal;

R is the equipment flow capatity of process B, in gal / day;
b

R is the flow capacity of the Tank C discharge purp, in gal / day; and

R is the rate of flow of additional wastes inputs to Tank C, in gal / day.g

p, the process time credited for decay, is calculated as follows, in days:

0.M
P

T , the discharge time -- 50'> credited for decay, is calculated as follcws, in days:
d

, 0.8C
T

d R

Af ter performing the above two calculations, calculate whether credit nay be taken for
decay during processing by deter aining whether

0.CC > T R +R
pb g

If so, then

Decay = T + 0.5T
p d

where " Decay" is the new processing and discharge tine to be entered in spaces 48-53 of the
third card for each input stream (Cards 11, 14, 17, and 20).

If , however, 0.8 < Tp(Rb + Ro), T is used for the holdup time during processing, since
p

Tank C may be discharged before Tank A has been completely processed. In this case, the T valuep
should be entered in spaces 48-53 of the third card.
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For example, for the following input waste stream:

FLOOR DRAINS
1,000 G AL/ DAY

l
i t

FLOOR DRAIN FLOOR DRAIN
40 AL/DATANK A TANK B

20,000 GAL 20,000 G AL

WASTE
SAMPLE,

TANK A
WASTE I 40,000 GAL

DEMIN W AST E

100 GAL / EVAPORATOR
MIN 15 GAL / MIN

WASTE
SAMPLE.
TANKD
40,000 G AL b

DISCHARGE
PUMP 10 G AL/
MIN.

Decay time during processing and discharge would be calculated as follows:

Process Time (T ) = 0.7 day
p (15 i

=
n D / day)

Discharge Time (T ) * (10 i in 0 / day)
= 3 days

d

Then, checking for decay credit 0.8C/(Rb + d ) = 1.45 days, which is gre ter than T ,o p

p + 0.5T ) or 2.2 days for processing and discharge. The inputtherefore, credit is taken for (T 3

on spaces 48-53 to the Code is 2.2 days for processing and discharge time.

1.5.2.9.5 Fraction of Wastes Discharged (Cards 11, 14, 17, and 20 -- Spaces 72-77)

The percent of the wastes discharged after processing may vary between 1% and 100% based on
the capability of the system to process liquid waste during equipment downtime, waste volume
surges, tritium control requirements, and tank surge capacity. A minimum value of 1% discharge
for high-purity wastes and 10% discharge for other wastes is used when the radwaste system is
designed for maximu.n waste recycle, the system capacity is sufficient to process wastes for
reuse during equipment downtime and anticipated operational occurrences, and a discharge route
is provided.

The BNR-GALE Code calculates the release of radioactive materials in liquid waste from the
four inlet streams after processing. Releases included in each stream are:

1. High-Purity Waste - Combined releases from equipment dra;ns and sumps.

2. Low-Purity Waste - Combined releases from floor drains and sumps.

3. Chemical Waste - Combined releases from laboratory and decontamination wastes and from
demineralizer regenerant solutions according to the design of the condensate demineralizer
system. If a filter /demineralizer (Powdex) system is used, the laboratory and decontamination
wastes are combined with the low-purity waste or solidified in the solid waste system.

4. Detergent Waste System - Combined releases from laundry operations, equipment decontam-
ination solutions, and personnel decontamination showers.

1.5.2.10 Card 21: Gland Seal Steam Flow

Enter in spaces 73-80 of Card 21 the steam flow (in 10 lb/hr) to the turbine gland seal ,
as follows:
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1. If main steam is used for the sealing steam, enter a flow rate 0.001 times the main
steam flow entered previously on Card 3.

2. If clean (nonradioactive) steam from an auxiliary boiler is used for sealing steam,
enter a zero in spaces 73-80.

1.5.2.11 Card 22: Mass of Steam in Reactor Vessel (SAR/ER)
6Enter in spLces 73-80 the mass of steam in the reactor vessel (in 10 lb).

1.5.2.12 Card 23: Gland Seal Holdup Tin,e (SAR/ER)_

Enter in spaces 73-80 the design holdup (in hr) for gases vented from the gland seal
condenser.

1.5.2.13 Card 24: Holdup Time for Condenser Air Ejector Offgas (SAR/ER)

Enter in spaces 73-30 the design holdup time (in hr) for offgases from the main condenser
air ejector to be processed through the offgas treatment system, e.g., a 10-minute holdup time
prior to cryogenic distillation.

1.5.2.14 Card 15: Containment Building Releases

1. If ventilation exhaust air is treated through charcoal adsorbers, enter YES in
spaces 43-45. If no treatment is provided, leave spaces 43-45 blank.

2. If ventilation exhaust air is treated through HEPA filters, enter YES in spaces
52-54. If no treatment is provided, leave spaces 52-54 blank.

1.5.2.15 Card 26: Turoine Building Release.s

1. If ventilation exhaust air is treated through charcoal adsorbers, enter YES in
spaces 43-45. If no treatment is provided, leave spaces 43-45 blank.

2. If ventilation exhaust air is treated throJgh HEPA filters, enter YES in spaces
52-54 If no treatment is provided, leave these spaces blank.

3. If " clean steam" or other acceptable special design features are provided on valves
2-1/2 inches and larger to reduce steam leakage, enter YES in spaces 68-70. If the above features
are not provided, leave spaces 68-70 blank,

l.5.2.16 Card 27: Fraction of Iodine Released from Turbine Gland Seal Condenser Vent

1. Enter 1.0 in spaces 73-80 if the noncondensables are released from the turbine
gland seal condenser without treatment or if clean steam is used.

2. Enter 0.1 in spaces 73-80 if, prior to release, the noncondensables are processed
through charcoal adsorbers having a 90% ef ficiency.

1.5.2.17 Card 28: Fraction of Iodine Released from the Condenser Air Ejector Offgas
Treatment System

1. Enter 1.0 in spaces 73-80 if the offgas is released without treatment.

2. Enter 0.1 in spaces 73-80 if, prior to release, the of fgas is processed through a
charcoal adsorber having a 90% ef ficiency.

3. Enter a zero in spaces 73-80 if the offgas is processed through a charcoal delay
system,

4. Enter 1.0 in spaces 73-80 if the of fgas is processed through a cryogenic distilla-
tion system (removal of iodine by the cryogenic distillation system is built into the Code - see
Card 30).

1.5.2.18 Card 29: Auxiliary Building Releases

1. If ventilation exhaust air is treated through charcoal adsorbers, enter YES in
spaces 43-45. If no treatment is provided, leave blank.

1-15



2. If ventilation effluent il treated throupi HEPA filters, enter YES in spaces 52-54
I f no trea tren t is provided, lea ve blank .

1.5.2.19 Card 33: Paduaste Building Peleases

1. If ventilatia, exhaust air is treated through charcoal adsorbers, enter YES in
spaces 43-45. If no treatment is provided, leave blank.

2. If ventilation exhaust air is treated through HEPA filters, enter YES in spaces
52-54 If no treatment is provided, leave blank.

1.5.2.20 Card 31: Condenser Air Ejector Of fgas Treatr;ent System (SAR/ERlf

1. Enter 1 in space 80 if charcoal delay system is used to treat the of fgas from the
condenser air ejector.

2. Enter 2 in space 80 if tb offgas from the condenser air ejector is processed by the
cryogenic distillation.

3. Enter a zero in space 30 if the offgas is not treated either through a charcoal delay
system or by cryogenic distillation.

Note: Cards J1, 32, 33, and 31 are lef t blank if a charcoal delay system is not used to
treat the offgases from the condenser air ejector. The blank cards are included in
the card deck.

1.5.2.21 Card 32- D <namic Adsorption Coef ficient for Krypton

Enter in spaces 73-80 the dynamic adsorption coefficient for Kr based on the system desiqn
and the dyna nic adsorption coefficients noted below.

DYNAMIC ADSORPTION COEFFICIENT (cm /g)

OPERATING 77 F OPEPATING 77 F OPEPATIhG 0'F
DEW POINT 45*F CEW POINT O'F DEW POINT -20"F

Kr 18.5 25 105

1.5.2.22 Card 33: Dynamic Adsorp_ tion Coefficient for Xenon.

Enter in spaces 73-80 the dynamic adsorption coefficient for Xe based on the system design
and dynamic adsorption coefficients noted below.

3DYEAMIC ADSORPTION COEFFICIENT (cm fg)

OPERATING 77'F OPERATING 77'F OPERATING O'F
DEW POINT 45'F DEW P3114T 0^F DEW P0ltiT -20'T

Xe 330 440 2410

1.5.2.23 Card 34: Number of Main Condenser Shells (SAR/ER)

Enter in spaces 73-80 the number of shells in the main condenser.

1.5.2.24 Card 35: Mass of Charcoal in Charcoai Dela)Js_ tem (SAR/EPl
3Enter in spaces 73-80 the mass of charcoal (in 10 lb) used in Se charcoal delay system.

1.5.2.25 Card 36: Dete ment Wasta

1. If the plant does not have an onsite laundry, enter a zero is, spaces 73-80.

2. If the plant har an onsite laundry and detergent wastes are released without treat-
rent, enter 1.0 in spaces 73-30.

3. If detergent wastes are treated prior to discharge, enter the fraction of radionuclides
remaining af ter treatment (1/DF) in spaces 73-80. The parameters in Chapter 2 are used in
determining the DF for the treatment applied to detergent waste.
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CHAPTER 2. PRINCIPAL PARAMETERS USFD
IN EWWlRE'TER CALCULATIRd ?a TFEWCASES

-

2.1 INTRODUCTION

The principal pararmters used in source term calculations have been corpiled to standardize
the calculation of radioactive source terms. The source term is defined as the calculated
average quantity of radioactive material released annually to the envirornent from a nuclear
pnwer reactor during norrial operation, including anticipated operational occurrences. The
parameters used in the calculations are the average values expected over the life of the
plant. Norval operaticn includes anticipated operational occurrences that deviate from steady-
state opera tion.

The following sections describe parameters used in the evaluation of radwaste treatment
systens. The parameters have been derived from reactor crerating experience where data were
a va i l a t;l e . Where operating data were incenclusive or not available, infornation was drawn
f rom laboratory and field tests and from engineering judgment. The bases for the source term
parameters explain the reasons for choosing the nurerical values listed. A list of references
used in developing the paraceters is also included.

The parameters in the BWR-GALE Code are updated as additional cperating data become
available. The source term parameters used are believed to provide a realistic assessment of
reactor and radmaste system operation.

2.2 _P_RINCIPAL PARAMETERS AND THEIR BASES

2.2.1 THERMAL POWER LEVEL

2.2.1.1 Pa rame ter

The maximum thennal power level (Mut) evaluated for safety considerations in the Safety
Analysis Report.

2.2.1.2 Bases

The power level used in the source term BWR-GALE Code is the maximum power level evaluated
for safety considerations in the Safety Analysis Report. Using this value, the evaluation of
the radwaste management systems need not be repeated when the applicant applies for a stretch
power license at a later date. Past experience indicates that nost utilities request approval
to operate at maximum power soon after reaching connercial operation.

2.2.2 PLANT CAPACITY FACTOR

2.2.2.1 Pa race ter

Plant capacity factor of 80%, i.e., 292 effective full power days.

2.2.2.2 Bases

The source term calculations are based on a plant capacity factor of 80% averaged over
the 30-year operating life of the plant, i.e., the plant operates at 100% power 80% of the
time. The plant capacity factors experienced at BWRs are listed in Table 2-1 for the period
1961 through 1974

The average plant capacity factors listed indicate that the 80% factor assumed is higher
thar, the average factors experienced. However, it is expected that the maintenance and
refueling problems that have contributed to the low capacity factors will be overcome.

2.2.3 RADIONUCLIDE CONCENTRATIONS IN THE REACTOR COOLANT

2.2.3.1 Pa rameter

Table 2-2 lists the expected radionuclide concentrations in the reactor coolant and steam
for BWRs with design parameters within the ranges listed in Table 2-3. Should any design
parameter be outside the ranges in Table 2 ~ adjust the concentrations in Table 2-2, using
Tables 2-4 and 2-5. Figure 2-1 shows the graphical relationship of the design parameters.

2 -1



TABLE 2-1
PLANT CAPACITY FACTOP.S AT OPERATING EWRs*

(in 1)

INITIAL
FACILITY CRITICALITY 1968 1969 1970 1971 1972 1973 1974

Dresden 1 10/15/59 52 48 78 35 61 40 21

Big Rock Point 9/27/62 68 64 58 59 57 67 54

Humboldt Bay 2/16/63 82 68 76 61 59 70 61

Oyster Creek 5/3/69 74 78 77 64 66

Nine Mlle Point 1 9/5/69 63 62 68 63

Dresden 2 1/7/70 39 47 74 51

Millstone 1 10/26/70 63 55 34 63

Monticello 12/10/70 74 63 57
m
A, Dresden 3 1/31/71 67 54 47

Quad Cities 1 10/18/71 70 51

Vermont Yankee 3/24/72 44 59

Quad Cities 2 4/26/72 74 63
Pilgrim 1 6/16/72 72 34

Average ~~67~ 60 Y Y Y T TT

'From "U.S. Nuclear Power Reactors," Atomic Energy Commission, WASH-1203-68 to 73, Table 1, " Selected Operatina Statistics."
Plant capacity factors listed are for the calendar year (s) following a period of at least six months since initial criticality.
Operating BWRs not ir.cluded in the table are Browns Fcrry 1 and Peach Botton 2, which achieved criticality during CV-1973.
The Lacrosse Nuclear Power Station was not included since it is not considered to be representative of current power reactors.
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TABLE 2-2
RADIONUCLIDE CONCENTRATIONS

IN BOILING WATER REACTOR COOLANT AND MAIN STEAM *
(in sci /g)

REACTOR REACTOR
ISOTCPE WATER STEAM

Noble Gases

Kr-83m 1.l(-3)**
Kr-85m 1.9(-3)
Kr-85 6.0( -6 )
Kr-87 6.6(-3)
Kr-88 6.6(-3)

Kr-89 4.l(-2)
Kr-90 9.0(-2)
Kr-91 1.l(-1)
Kr-92 1.l (-1 )
Kr-93 2.9(-2)

Kr-94 7.2(-3)
Kr-95 6.6(-4)
Kr-97 4.4(-6;
Xe-131m 4.7(-6)
Xe-133m 9.0(-5)

Xe-133 2.6(-3)
Xe-l bm 8.4(-3)
Xe-135 7.2(-3)
Xe-137 4.7(-2)
Xe-138 2.8(-2)

Xe-139 9.0(-2)
Xe-140 9.6(-2)
Xe -141 7.8(-2)
Xe-142 2.3(-2)
Xe-143 3.8(-3)
Xe-144 1.8(-4)

Halogens

Br-83 3(-3) 6(-5)
Br-84 5(-3) 1(-4)
Br-85 3(-3) 6(-5)
I-131 5(-3) 1(-4)

I-132 3(-2) 6(-4)
1-133 2(-2) 4(-4)
I-134 5- 1(-3)
1-135 2- 4(-4)

Cesium and Rubidium

Rb-89 5(-3) 5(-6)
Cs-134 3(-5) 3(-8)
Cs-136 2(-5) 2(-8)
Cs-137 7(-5) 7(-8)
Cs-138 1(-2) 1(-5)

The reactor water concentration is specified at the nozzle where reactor water leaves
the reactor vessel. Similarly, the reactor steam concentration is specified at
time 0.

l .l(-3) = 1.1 x 10-3
**
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TABLE 2-2 (Continued)

REACTOR REACTOR
150T0fE WATER STEAM

Water Activation Froducts

N-13 5(-2) 7(-3)
N-16 6(+1) 5(+1)
N-17 9(-3) 2(-2)
0-19 7(-1) 2(-1)f-18 4(-3) 4(.3)

Tritium,*

H-3 1(-2) 1(-2)

Other Nuclides

N5-24 9(-3) 9(-6)
P-32 2(-4) 2(-7)
Cr-51 5(-3) 5(-6)
fin-54 6(-5) 6(-8)
Mn-56 5(-2) 5(-5)

Fe-55 1(-3) 1(-6)
Fe-59 3(-5) 3(-8)
Co-58 2(-4) 2(-7)
Co-60 4(.4) 4(-7)Ni-63 1(-6) 1(-9)

Ni-65 3(-4) 3(-7)
Cu-64 3(-2) 3(-5)
7n-65 2(-4) 2(-7)In-60 2(-3) 2(-6)
Sr-89 1(-4) j(_7)

Sr-90 6(-6) 6(-9)
Sr-91 4(-3) 4(-6)
Sr-92 l(-2) 1(-5)Y-91 4(-5) 4(-8)
Y-92 6(-3) 6(-6)
Y-93 4(.3) 4(-6)7r-95 7(-6) 7(-9)Zr-97 5(-6) 5(-9)
Nb-95 7(-6) 7(-9)
Nb-98 4(-3) 4(-6)
Mo-99 2(-3) 2(-6)
Tc-99m 2(-2) 2(-5)
Tc-101 9(-2) 9(-5)
Tc-104 8(-2) 8(-5)
Ru-103 2(-5) 2(-8)

Ru-105 2(-3) 2(-6)
Ru-106 3(-6) 3(-9)
Ag-110m 1(-6) 1(-9)
Te-129m 4(-5) 4(-8)
Te-131m 1(-4) 1(-7)

*

Measured values increased to account for liquid recycle.

O
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TACLE 2-2 (Continued)

REACTOR REACTOR
ISOTOPES WATER _ STEAM

Te-132 1(-5) 1(-8)
Ba-139 1(-2) 1(-5)
Ba-140 4(-4) 4(-7)
Ba-141 1(-2) 1(-5)
Ba-142 6(-3) 6(-6)

L a -142 5(-3) 5(-6)
Ce-141 3(-5) 3(-8)
Ce-143 3(-5) 3(-8)
Cc-144 3(-6) 3(-9)
Pr-143 4(-5) 4(-8)

M-14 7 3(-6) 3(-9)
W-187 3(-4) 3(-7)
N -239 7(-3) 7(-6)P

TABLE 2-3

PARAMETERS USED TO DESCRIBE THE REFERENCE BOILING WATER REACTOR _

NOMINAL RANGE
PARAMETER SYMBOL UNITS VALUE IUllMUM MINIf tUM

Therral power P MWt 3400 3800 3000
*Weight of water in the WP lb 3.8(5) 4.2(5) 3.4(5)

reactor vessel

Cleanup demineralizer FA lb/hr 1.3(5) 1.5(5) 1.l(5)flow rate

Steam flow rate FS lb/hr 1.5(7) 1.7(7) 1.3(7)

Ratio of condensate denin- NC - 1.0 1.0 0.8
eralizer flow rate to
steam flow rate

^
53.8(5) = 3.8 x 10

2-5
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TABLE 2-4
VALUES USED IN DETEPPINING ADJUSTMENT FACTORS FJR

BOILING WATER REACTORS

WATER

NOBLE ACTIVATION OTHER
SYMBOL DESCRIPTION GASES HALOGENS Cs, Rb PRODUCTS TRITIUM NUCLIDES

*

NA rraction of material 0.0 0.9 0.5 0.0 0.0 0.9
removed in the reactor
water cleanup system

*

N3 Fraction of material 0.0 0.9 0.5 0.0 0.0 0.9
removed by the conden-
sate demineralizers

1.0 0.001NS Ratio of concentration ** 0.02 0.001 ***

in reactor steam to the
concentration in reactor
water

1.0 0.19 *** tt 0.34R Renoval rate from the **

reactor water (hr-l)t

These represent effective removal terms and include other mechanisms such as plateout.*

Plateout would be applicable to nuclides such as Mo and corrosion products.

All noble gases released from the core are transported rapidly out of the reactor water to**

the reactor steam and are stripped from the system in the main condenser. Therefore the
concentration in the reactor water is riegligible and the steam concentration is approxi-
mately equivalent to the ratio of the release rate and the steam flow rate.

Water activation products exhibit varying chemical and physical properties in reactor coolant***

which are not well defined. However, most are stripped off as gases. Thcy are not effec-
tively removed by the demineralizers of the systems, but their concentrations are controlled
by decay.

t These values of R apply to the reference BWR whose parameters are given in Table 2-3 and
have been used in developing Table 2-5. For BWRs not included in Table 2-3, the appropriate
value for R may be detemined by the following equation:

R = FA.NA + K FS NS NB for halogens, Cs, Rb, and other nuclides

where the symbols are defined in this table and Table 2-3. The values for R for noble gases
and water activation products are not used in the adjustment factors of Table 2-5.

tt The tritium concentrations in the reactor water and the steam are expected to be equal. They
are controlled by loss of water from the main coolant system by evaporation or leakage. The
concentration is therefore given by the ratio of the appearance rate in the coolant, which
is about 100 Ci/yr, and the total loss from the system.

t

0
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TABLE 2-5
ADJUSTMENT FACTORS FOR BOILING WATER REACTORS

NUCLIDES REACTOR WATER REACTOR STEAM

Noble gases * 1.0 1.0

@{110 pg)1.0 + 1 g 10 g )1.0 + AP lb P lb
Halogens ** R+A j R+A

P lb 0.?9 + A
@{l10 pg)0.19 + 2

P lbCs, Rb g4110 f1Wt R+a R+A

Water activation
products 1.0 1.0

Tritium *** 1.0 1.0

- P
ffit)0.34 + A J{l10 F W )0_.34 + A

b IDOther nuclides WTs{ll0 -R+A WP R+A

~lssumes that tFratio of power to steam flow is essentially the sare for all EWRs.*

is the isotope's decay constant (hr'I).**A

***fhe tritium concentrations in the reactor water and the steam are expected to be equal.
They are controlled by loss of water from the main coolant system by evaporation or
leakage. The concentration is therefore given by the ratio of the appearance rate in
the coolant, which is about 100 C1/yr, and the total loss from the system.

2-7



TURBINES M AIN r- AIR EJECTOR
FS* CONDENSER

_

REACTOR NS STEAM ~N
VESSEL

FS(1-NC) N C. FS
WP j u

FEEDWATER
;

CONDENSATE
FA DEMIN ER ALIZERS

m
h it

REACTOR
WATER

CLEANUP
SYSTEM

NA

* SYMBOLS ARE DEFINED IN TABLES 2-3 AND 2-4

FIGURE 2-1

REMOVAL PATHS FOR THE REFERENCE
BOILING WATER REACTOR

O O



. . . .__ _

2.2.3.2 pases_

The radionuclide concentrations, adjustrent factors, and procedures for ef fecting adjust-
ments are based on the values and rothods proposed by the ANS 18.1 Working Group draf t standard
for boiling water reactor source tems (Ref.1). The values in Table 2-2 provide a set of typical
radionuclide concentrations in the reactor coolant and stean for reactor designs wi*.hin the param-
eters specified in Table 2-3. The values in Table 2-2 were those judged by the ANS Working Group
to he representative of radionuclide concentrations in a BWR over its lifetime based on the cur-
rently available data and r>odels (Refs. 2 and 3). It is recognized that some systems will have
design pararneters that are outside the ranges specified in Table 2-3. For that reason a means of
adjusting the concentrations to the actual design parameters has been provided in Tables 2-4 and
2-5. The adjustrent factors in Tables 2-4 and 2-5 are based on the followir.g expression:

C=gypy-
where

C is the specific activity, in tCi/g;

k is a conversion factor, 454 g/lb;

R is the removal rate of the isotope from the system due to demineralization,
leakage, etc. , in hr-l;

is the rate of release to and/or production of the isotope in the system, ins

..C i / h r ;

is the fluid weight, in lb; andw

is the decay constant, in hr1

The following sample calculations illustrate the method by which the EWR-GALE Code will
adjust the radionuclide concentrations in Table 2-2. As indicated in Table 2-5, adjustment fac-
tors will be calculated only for halocens, Cs, Rb, and other nuclides.

As an example, the Barton Nuclear Station parameters compare with the range values in
Table 2-3 as follows:

Pa rarre te r Barton Station Value RanSe Values

Thermal power level (MWt) 3758 3000-3000

5 5 5Water weight in vessel (lb) 4.9 x 10 3.4 x 10 - 4.2 x 10
5 5 5Cleanup demineralizer flow (lb/hr) 1.5 x 10 1.1 10 - 1.5 x 10
6 6 6Steam flow rate (lb/hr) 15.4 x 10 13.0 x 10 - 17.0 x 10

Condensate demineralizer flow 0.75 0.8 - 1.0
f rac tion

Since in this example two of the parameters (water weight in vessel and condensate demineralizer
flow fraction) are outside the range, adjusted values of the three types of radionuclide concen-
trations are calculated using the actual value of each parameter, as follows:

1. Halogens (I-131 is used as an example) -- Using the equation for halogens in Table 2-5,
the adjustir;ent factor A is calculated as follows:

A = h (110) [* (2-1)

where the terms in the equation are as defined in Tables 2-3 and 2-4

2-9
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In calculating A, the variable R is calculated first, using the equation given in
Table 2-4:

R = FA.NA + NC.FS.NS. fib (2-2)
WP

where the terns in the equation are as defined in Tables 2-3 and 2-4.
.

Using the Barton Station parameters given above and the halogen paraneters given in
Table 2-4 and substituting in Equation (2-1) gives

5 6
R = 1.5 x 10 x 0.9 + 0.75 x 15.4 x 10 x 0.02 x 0.9 = 0.7

4.9 x 10'

Then, using this value of R in Equation (2-1):

[j)g)l.0 + 3.6 x 10 = 1.23758A=
4.9 x 10 0.7 + 3.6 x 10-

The adjusted 1-131 concentration

= (adjustnent factor) x (standard I-131 concentration)
-3 -3- 1.2 x 5 x 10 LCi/g = 6.0 x 10 vC1/g

2. Cs, Rb (Cs-137 is used as an exampid -- Using the equation for Cs and Rb in Table 2-5,
the adjustment factor A is calculated as follows:

A=hl10)0_. (2-3)

where the terms in the equation are as defined in Tables 2-3 and 2-4.

In calculating A, the variable R is calculated first using Equation (2-2). The Cs and
Rb parameters given in Table 2-4 and the Barton Station parameters are used in the equation.

5 6
R = 1. 5 x 10 x 0.5 + 0.75 x 15.4 x 10 x 0.001 x 0.5 = 0.17

54.9 x 10

Then, using this value of R in Equation (2-3) above:

5)(110)(0.19 + 2.6 x 100.17 + 2.6 x 10'0) = 0.97
58

A=(
4.9 x 10

The adjusted Cs-137 concentration

(adjustment factor) x (standard Cs-137 concentration)=

-5 -5= 0.97 x 7 x 10 Ci/g = 6.8 x 10 oCi/g

3. Other Nuclides (Na-24 is used as an example) -- Using the equation for other nuclides
in Table 2-5, the adjustment factor A is calculated as follows:

A=hl10)0. (2-4)

where the terms in the equation are as defined in Tables 2-3 and 2-4.

O
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In calculating A, the vtriable R is calculated first, using Equation (2-2). The other
nuclide parameters given in Table 2-4 and the Barton Station parancters are used in the equation:

6 6
R = 1.5 x 10 x 0.9 + 0.75 x 15 4 x 10 x 0.001 x 0.9 = 0.3

4.9 x 10

Then, using this value of R in Equation (2-4):

3758A=( ) (110) (0.34 + 4.62 x 10 = 0.95
4.9 x 10 0.3 + 4.62 x 10'

The adjusted concentration of Na-24

(adjustment factor) x (standard Na-24 concentration)=

-3 -30.95 x 9 x 10 uti/g = 8.6 x 10 Ci/g=

The noble gas concentrations in Table 2-2 are based on an offgas release rate of 60,000
vCi/sec measured at a 30-minute decay. A summary of noble gas release rates from a number of
operating BWRs in 1971-72 is given in Table 2-6 and a similar sumary for 1973-74 is given in
Table 2-7. The data in these tables are limited to measurements from EWRs larger than 1000 MWt
with more than one year of operating experience. The average of the noble gas release rates in
Tables 2-6 and 2-7, based on the ef fective full power days of operation and normalized to 3400
MWt, is 60,000 oCi/sec.

A carryover factor of 0.02 is used to calculate the halogen concentrations in the main stera
in Table 2-2. This carryover factor is derived from data taken at operating reactors (Refs. 2, 3,
4, and 5) which are listed in Table 2-8. The average of the data in Table 2-8 is 0.018 for halo-
gen (iodine) carryover.

The category "Other nuclides" includes Mo, Y, and Tc which are generally present in colloidal
suspensions or as " crud." Although the actual removal mechanism for Y, Mo, and Tc is expected to
be plateout or filtration, the quantitative effect of renewal is expected to be comnensurate with
the removal of ionic impurities by ion exchange (within the accuracy of the calculations) and
consequently plateout of these nuclides is included in the parameters for ion exchange.

2.2.4 GASEQUS RELEASES FROM BUILDING VENTILATION SYSTEMS

2.2.4.1 Pa ramete r

The noble gas, iodine, and radioactive particulate releases from ventilation systems for
facilities with the BWR/6, Mark III containment design, prior to treatment, are shown in
Table 2-9.

2.2.4.2 Bases

The iodine-131 releases from building ventilation ef fluents are based on measurements 'nade
at operating reactors. The measurements were made during normal operation and during plant shut-
downs. The data are given in Tables 2-10 through 2-15. These data show that the release rates
during plant shutdown differ from the release rates during plant operation. The ratio of releases
during shutdowns to releases during nomal operations, assuming a plant capacity factor of 80%,
is used to calculate annual releases that consider both normal operation and shutdown releases.

Table 2-13 gives the iodine-131 release rates during normal eperation and during plant shut-
downs for the Oyster Creek turbine building as 0.024 ;Ci/sec and 0.081 cCi/sec, respectively.
Using an 80! plan capacity factor, the ratio of releases due to normal operation and shutdowns
to the releases during nomal operation only can be expressed as

1024oCi/secl(0.8)+(0.081 pCi/sec)(0.2) = 1'8
(0.024;.Ci/sec)(0.8)

Similarly, fram Table 2-13 the ratio of releases due to nomal operation and shutdowns to the
releases during nornal operation for Vemont Yankee is 1.7. Using the average of these ratios,
the average annual turbine building releases during normal operation from Table 2-12 are nomal-
ized to obtain a total annual release as indicated below:

U8 I 7) (0.11 Ci/yr) = 0.19 C1/yr total I-131 released
L
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TAELE 2-6
SuffiARY OF NCBLE GAS RELEASE RATES FOR

OPERATING BWRs (1971-1972) _

1971 RELEASES 1972 RELEASES

NOMINAL HOLDUP NMA3E AVERTG F.. ..
POWER TIME EFPD NOBLE GAS AVERAGE AT 3400 MWt EFPD NOBLE GAS AVERAGE AT 3400 MWt

.
REACTOR (MWt) (min) (days) (Ci/yr) (LCi/sec) (tCi/sec) (days) (Ci/yr) (.Cifsec) ( ;C_if_se i. .

Oyster Creek 1930 90 260 516,000 23,000 69,000 280 866,000 36,000 120,000

Nine Mile Point 1850 60 210 253,000 14,000 36,000 230 517,000 27,000 73,000

Millstone 1 2011 50 230 276,000 14,000 30,000 200 721,000 42,000 88,000

***
Dresden 2, 3 5052 60 --- --- --- 420 431,000 35,000 35,000

Monticello 1670 60 --- --- --- 270 565,000 25,000 76,000

Yearly Average 45,000 71,000

*
Reactors smaller than 1000 MWt (Big Rock Point, Dresden 1, Humboldt Bay, Lacrosse) are not included. Quad Cities 1 and 2, Vermont
Yankee, and Pilgrim I were undergoing startup when this table was compiled and are not included.

*.
Ef fective full power days of operation.

sse
Dresden 2 and 3 are considered as two reactors.

O O O



TABLE 2-7
SUMitARY OF NOBLE GAS RELEASE RATES FOR

OPERATING BWRs (1973-1974)

1973 RELEA5ES 1374 RELEASE 3
NOMINAL HOLDUP AVERAGE ATTERATf -.. ..
POWER TIME EFPD NOBLE GAS AVERAGE AT 3400 MWt EFPD NCBLE GAS AVERAGE AT 3400 MWt,

REACTOR (MWt) (min) (days) (Ci/yr) (uci/sec) (cci/sec) (days) (Ci/yr) ( t.C i / s ec ) (LCi/sec)
Oyster Creek 1930 90 230 812,000 35,000 120,000 240 280,000 14,000 47,000

Nine Mile Point 1 1850 60 250 872,000 40,000 110,000 240 617,000 30,000 75,000

Millstone 1 2011 50 120 69,500 7,000 21,000 230 912,000 46,000 99,000

Oresden 2, 3 " 5054 60 440 875,000 46,000 43,000 340 628,000 21,000 20,000
*

Monticello 1670 60 250 732,000 34,000 95,000 220 1,490,000 78,000 220,000

7 0"ad Cities 1, 2 " * 5022 60 510 903,000 41,000 42,000 430 1,049,000 23,000 26,000
C

Vermont Yankee 1593 60 160 187,000 20,000 63,000 +

Pilgrim 1 1998 60 270 230,000 10,000 25,000 130 546 0_00 49,000 126200_2

Yearly Average 61,000 73,000

Reactors smaller than 1000 MWt (Big Rock Point, Dresden 1 Humboldt Bay, Lacrosse) are not included.
Reactors undergoing startup (Brcwns Ferry 1, Cooper 1, Duane Arnold, Peach Bottom 2) are not included.

**
Effective full power days of operation.

ses
Oresden 2, 3 and Quad Cities 1, 2 are both considered as two reactors.

* Vermont Yankee Nuclear Power Station was not included for CY-1974 because of insufficient data regarding
effect of augmented offgas treatment system.



TABLE 2-8 ,

REACTOR VESSEL HALOGEN CARRYOVER FACTORS
OBSERVED AT OPERATING BWRs

POWER LEVEL ** PARTITION

REA_CTOR (MWQ PETHOD*** FACTOR REFERENCE

Oyster Creek (1930) Condensate 0. 018 3

(1930) No cleanup 0.018 3

1830 Condensate 0.019 2

1830 Condensate 0.021 2

1830 No cleanup 0.023 2

1820 Condensate 0.027 4

(1930) Condensate 0.023 4

(1930) Condensate 0.025 4

(1930) No cleanup 0.025 4

(1930) No cleanup 0.025 4

Oresden 2 1830 Condensate 0.022 5

2210 Condensate 0.016 5

2210 Ccndensate 0.017 5

2400 Condensate 0.019 2

2400 No cleanup 0.010 2

Dresden 3 2l00 Condensate 0.022 2

2100 No cleanup 0.020 2

Millstone (2011) Condensate 0.017 3

2000 Condensate 0.005 2

fionticello 1670 Condensate 0.003 2

1670 No cleanup 0.005 2

Nine Mile Point (1850) Condensate 0.02 3

(1850) No cleanup 0.02 3

Quad Cities 1 2511 Condensate 0.012 2

2511 No cleanup 0.013 2

Average 0.018

*

Based on todine-131.
**

When test power level is not known, licensed power level is given in parentheses.
*** Condensate method - The calculated partition factors are based on the ratio of

the iodine-13Tconcentration in the condensate to that in the reactor water.

No-cleanup riethod - The calculated partition factors are based on the change in
the concentrations of iodine-131 in the reactor water with the cleanup systen
isolated compared to the concentration with the cleanup system in service.

O
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TABLE 2-9
GASEOUS RELEASES FROM VENTILATION SYSTEMS

(in Ci/yr per reactor)

CONTAINMENT AUXILIARY TURBINE * RADWASTE
NUCLIDE BUILDING BUILDING BUILDING BUILDING

Kr-83m ** ** ** **

K r-8 'en 3 3 68 **

Kr-85 ** ** ** **

Kr-87 3 3 190 **

Kr-88 3 3 230 **

Kr-89 ** ** ** **

Xe-131m ** ** ** **

X e -133m ** ** ** **

Xe-133 66 66 280 10
Xe-135m 46 46 650 **

Xe-135 34 34 630 45
Xe-137 ** ** ** **

Xe-138 7 7 1440 **

I-131 0.17 0.17 0.19 0.046
I-133 0.68 0.68 0.76 0.18

Co-60 0.01 0.01 0.002 0.09
Co-58 0.0006 0.0006 0.0006 0.0045
Cr-51 0.0003 0.0003 0.013 0.009
Mn-54 0.003 0.003 0.0006 0.036
Fe-59 0.0004 0.0004 0.0005 0.015

Zn-65 0.002 0.002 0.0002 0.001
Zr-95 0.0004 0.0004 0.0001 0.00005
Sr-89 0.00009 0.00009 0.006 0.0005
Sr-90 0.000G05 0.000005 0.00002 0.0003
Sb-124 0.0002 0.0002 0.0003 0.00005

Cs-134 0.004 0.004 0.0003 0.0045
Cs-136 0.0003 0.0003 0.00005 0.00045
Cs-137 0.005 0.005 0.0006 0.009
Ba -140 0.0004 0.0004 0.011 0.0001
Ce -141 0.0001 0.0001 0.0006 0.0026

Less than 1 C1/yr per reactor.

**
For special design features to control leakage from valves in lines 2-1/2 inches
and larger, reduce the turbine building leakage rates by a factor of 5.

2-15
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TABLE 2-10
ANNUAL 10 DINE-131 RELEASES FROM REACTOR EUILDING

VENT _I_LATION SYSTEMS NORMAL OPERATION2

FACILITY _ RELEASElC i/yr)* REFERENCE

Vernont Yankee 0.17 6

Oyster Creek o.072 2

Oyster Creek 0.04 7

Monticello 0.17 2

Dresden 2 0.096 2

Dresden 3 0.3 2

Millstone 1 0.03 8

Quad Cities 1 0.096 9

Nine Mile Point 1 0.096 10

Average 0.11

2
Annual release calculated from release rate (vCi/sec) based on 80~ plant capacity
factor.

O
TABLE 2-11

COMPARISON BETWEEN 10 DINE-131 RELEASES FROM REACTOR
BUILDING DURING NORMAL OPERATION AND RELEASES DURING PLANT OUTAGES

NORMAL OPERATION OUTAGES RATIO TOTAL RELEASES *

F ACI L I_T_Y (;Ci/sec) juci/secj, TO NORMAL RELEASES REFERENCE

Oyster Creek 0.0029 0.014** 2.6 2

Vermont Yankee 0.0038 0.041 3.7 6

*

Ratio is based on nonnal releases occurring 80% of the year and releases during
outages occurring 20% of the year.

**
0yster Creek releases include measurements nade during drywell purge which was
assumed to occur 48 hr/yr.

O
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TABLE 2-12
ANNUAL 10 DINE-131 RELEASES FROM TURDINE BUILDING VENTILATION

SYST_E,MS DURING NORMAL OPERATION

FAC_!LR RELEASE (Ci/yr)*_ REFERENCE

Vernont Yankee 0. 041 6

Oyster Creek 0.61 2

Oyster Creek 0.073 7

Oyster Creek 0.023 7

Millstore 1 0.012 8

Monticello 0.13 2

Dresden 2 0.007 2

Dresden 3 0.015 2

Quad Cities 1 0.012 9

Nine Mile Point 1 0.14 10

Average 0.11

' Annual release calculated fron release rate (LCi/sec) based on 80% plant capacity
fac tor.

TACLE 2-13
COMPARISON BETWEEN 10 DINE-131 RELEASES FROM TURBINE BUILDING

DURING NORMAL OPERATION AND RELEASES DURING PLANT OUTAGES

NORMAL OPERATION OUTAGES RATIO TOTAL RELEASES *

F A_CIL I]][ ('..Ci / sec) 1pCi/sec) TO NORMAL RELEASES REFERENCE

Oyster Creek 0.024 0.081** 1.8 2

Vermont Yankee 0.0013 0.0035 1.7 6

*
Ratio is based on normal releases occurring B0% of the year and releases during
outages occurring 20% of the year.

**
0yster Creek releases include measurements made during drywell purge which was
assumed to occur 48 hr/yr.
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TAELE 2-14
ANNUAL 10 DINE-131 RELEASES FROM RADWASTE BUILDING VENTILATION

SYSTEMS, NORMAL OPERATION

FACILITY RELEASE _(CyyrJ * REFERENCE

Vermont Yankee 0.057 6

Oyster Creek 0.024 2

Oyster Creek 0.008 7

Nine Mile Point 1 0.003 10

Average 0.024

*

Annual release calculated from release rate (. Ci/sec) based on 80% plant capacity.

factor.

TABLE 2-15
COMPARISON BETWEEN 10 DINE-131 RELEASES FROM RADWASTE BUILDING

DURING NORMAL OPERATION AND RELEASES DURING PLANT CUTAGES

NORMAL OPERATION OUTAGES RATIO TOTAL RELEASES *
FACILITY ('..Ci / sec ) (uC1/sec) TO NORMAL RELEASES REFERENCE

Oyster Creek 0.00086 0.0031** 1.9 2

Vermont Yankee 0.0018 0.0066 1.9 6

' Ratio is based on normal releases occurring 80% of the year and releases during
outages occurring 20% of the year.

**
0yster Creek releases include measurements made during drywell purge which was
assumed to occur 48 hr/yr.

O
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The same procedure was used for the radwaste and reactor huildings to Otcin total annual
iodire-131 releases of 0.046 Ci/yr av 0.34 Ci/yr, respectively. The ru ctcr milding releases
are based on reactors with a CWR Mark I containnent design. Equiprent such as tre reactor
coolant cleanup prps, residual beat renoval systan, and erercency core cooling sys' ens have been
placed in an auxiliary building in the CAR /6, Mark III containment design concept. Because of
the potential for these systens to release radioactive raterials fron leakage during operation or
testing, the Mark I reactor building releases have been assuned to be equally divided between the
contairrent ard auxiliary buildings for BWR/6, Mark III design- The nost significant leakage
pathway in the turbine building is considered to be through valve sten packings. For this reason,
the leakage rate is reduced b/ a f actor of 5 if special design featJres are applied to reduce of
collect leakage fron valves in lines 2-1/2 inches in diameter and larger.

The noble ass release tates for building ventilation systems are the average of measurements
nade at Oyster Creek (Ref. 7) and Millstone Unit I (Ref. 8). These data are given in Tables 2-16
through 2-16. The noble gas release rates 'or the reactor building are equally divided between
the containment and auxiliary buildings to reflect the EWR/6, Mark III design.

The radioactive particulate release rates for building ventilation systens are the average
of reasurements made at Vemont Yankee, Oyster Creek, Dresden 2 & 3, and Nine Mile Point (Refs.
11, 2, and 10). These d3ta are given in Tables 2-21 through 2-27. The calculated annual release
rates given above are based nn an 801 plant capacity factor, i.e., 80% nomal operation at 100f
power and 20' plant downtine. To account for differences between release rates during shutdowns
of long duration (greater than one week) and those for shorter shutdowns, the 20: downtime of 73
days was assumed to consist of 60 days of long-tern shutdowns and 13 days of short-term shutdowns.
The releases for nomal operation were weighted to account for the operating and shutdown modes
in a nanner similar to that described previously for iodine releases. The particulate release
rates in Tables 2-25 through 2-27 for the radwaste building were measured downstream of HEPA
filters and were therefore nomalized to upstream concentrations tc obtain the radwaste building
parameter above. A DF of 15, consistent with HEPA filter DF measurements at Nine Mile Point 1,
was used in the nomalization (Ref.10). As described previously for noble gases and iodine, the
particulate releases for the reactor building are equally divided between the containment and
auxiliary buildings to reflect the EWR/6, Mark III contain ent design.

2.2.5 IODINE INPUT TO THE MAIN CONDENSER OFFGAS TREATMENT SYSTEM

2.2.5.1 Parameter

The iodine-131 input to the main condenser offgas treatment system, downstream of the
air ejectors, is 5 Ci/yr.

2.2.5.2 Bases

Table 2-28 lists the measured icdine-131 releases and integrated thermal power outputs for
BWRs with themal ratings exceeding 1000 MWt, with nore than one year of plant operation and
without main condenser offgas treatment. The average ratio of the iodine-131 release in Ci/yr
to the integrated therral power in mwd for the years 1972, 1973, and 1974 is approximately
5 x 10-6 Ci/%d per year. Cased on a power rating of 3400 MWt and an 80 plant capacity factor,
the iodine-131 release from the main condenser air ejector is approximately 5 Ci/yr.

2.2.6 TURBINE GLAND SEALING SYSTEM EXHAUST

2.2.6.1 Parameter

Use 0.1% of the main steam flow and assume 99 iodine removal due to radiciodine absorption
by condensing steam in the turbine gland seal condenser. If clean s
glandseal,theradioiodinesourcetermisnegligible(lessthan10geamissuppliedtotheCi/yr). If sealing steam
is supplied from a low-activity source, i.e., steam produced from demineralized condensate, con-
sider the flow to be zero.

2.2.6.2 Cases

A design value of 0.1% of the main steam flow is used for the turbine gland seal steam flow
(Ref. 12). A large fraction of the iodine is expected to be absorbed by the liquid phase during
condensation of the gland seal steam. In the absence of radiciodine reasurements, it is assuned
that the gland seal condenser will remove approximately 99% of the iodine from the noncondensable
stream due to iodine adsorption by the condensing water. It is further assumed that the iodine
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TABLE 2-16
RELEASES OF f0BLE GASES FROM THE

-REACTOR BUILDING VENTIL % TION SYSTEM
ECl/sec)

MILLSTONE OYSTER CREEK
fjUCLIDE DT[2TT72~ O'7724'772 T)T/18772-- AVERAGE

Kr-85m 0.44 0.07 NR 0.25
fr-87 0.29 0.19 NR 0.24
Kr-88 0.56 0.20 0.02 0.25
Xe-133 0.67 0.36 15 5.3
Xe-135m 3.0 4.1 NR 3.6
Xe-135 3.1 2.9 2.1 2.7
Xe-133 0.87 NR 0.3 0.6

NR - Not reported.

TABLE 2-17
RELEASES OF NOBLE GASES FROM THE

-TURBINE BUILDING VENTILATION SYSTEf1
- 'Tt.C i / sect --

MILLSTONE OYSTER CREEK

]R L 7]_ (Ref. 6 L AVERAGEyCLIDEf f

Kr-85m 2.7 NR 2,7
Kr-87 5.3 NR 5.3
Kr-83 8.2 10 9.1
Xe-133 7.4 12 10
Xe-135m 29 23 26
Xe-135 25 25 25
Xe-138 63 52 58

NR - Not reported.

TABLE 2-18
RELEASES OF NOBLE GASES FR0f1 THE

RANASTE BUILDING VENTILATION SYSTEM
(tC17 sic)

MILLSTONE OYSTER CREEK
NUCLIDE Qef.7) (Ref. 6) AVERAGE

Xe-133 0.25 0.56 0.4

Xe-135 2.0 1.5 1.8

9
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TABLE 2-19
PARTICULATE RELEASE PATES FRCM REACTOR BUILDING

VENTILATION SYSTEM, NORMAL OPERATION (Refs. 40, 2)

(10 pCi/sec)

@CLIDE VERMCNT YANKEE OYSTER CREEK AVERAGE
'

Co-60 30 930 480
00-58 4.6 56 30
Cr-51 5 5.4 5.2
Mn-54 21 370 196
Fe-59 5 47 26

Zn-65 35 11 23
Zr-95 2 NR 2

Sr-89 NA 6.8 6.8
Sr-90 NA 0. 3 0.3
Sb-124 NR ll 11

Cs-134 18 18 18
Cs-136 13 NR 13
Cs-137 44 25 35
Ba-140 25 1.8 13
Ce-141 NR 4.3 4.3

fiA - Not analyzed.
NR - Nc t reported.

TABLE 2-20
PARTICULATE RELEASE RATES FROM REACTOR BUILDING

VENTILATIONSYSTEM,SHORT-TERMSHUTDCWN(2 DAYS / EVENT)(REFS.11,21

(10 * LC1/sec)

NUCLIDE VERMONT YANKEE * OYSTER CREEK AVERAGE

Co-60 104 8100 4100
Co-58 71 37 54
Cr-51 31 37 34
Ma-54 131 23 77
Fe-59 31 37 34

Zn-65 57 19 38
Zr-95 31 NR 31

5r-89 NA NA NA

Sr-90 NA NA NA

Sb-124 NR 37 37

Cs-134 51 12000 6030
Cs-136 33 NR 33
Cs-137 97 16000 8050
ee-i40 i2 780 396
Ce-141 NR 37 37

NA - Not analyzed.
NR - Not reported.

*

Initial drywell purge via SGTS not sampled.

2-21
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TABLE 2-21
PARTICULATE RELEASE RATES FROM REACTOR BUILDING

VENTILATIONSYSTEM,REFUELINGSHUTDOWN(REFS.11,y

(10'b LC1/sec)

NUCLIDE VERMONT YANKEE OYSTER CREE _K, AVERAGE

Co-60 480 590 534
Co-58 77 34 56
Cr-51 120 43 81
Mn-54 55 240 150
Fe-59 21 6 14

In-65 1500 2.7 770
Zr-95 150 NR 152
Sr-89 NA 2 2
Sr-90 NA 0.36 0.36
Sb-124 NR 14 14

Cs-134 160 20 90
Cs-136 39 NR 39
Cs-137 380 34 210
Ba-140 27 2 14
Ce-141 NR 11 11

t.A - Not analyzed.
NR - Not reported.

TABLE 2-22
PARTICULATE RELEASE RATES FROM TURBINE BUILDING

VENTILATION SYSTEM, NORML OPERATION (REFS.11, 2)

(10-6 t.C1/sec )

VERMONT OYSTER DRESDEN DRESDEN
NUCLIDE YANKEE CREEK 2 3 AVERAGE

Co-60 3.6 72 4.5 6.0 22
Co-58 2.7 6.7 NR 48 20
Cr-51 NR 840 NR 160 500
Mn-54 1.7 8.4 NR 5 5
Fe-59 NR 6.7 NR NR 6.7

In-65 NR 3.3 NR NR 3.3
Zr-95 NR NR NR 4.0 4.0
Sr-89 NA 610 48 36 230
Sr-90 NA 1.3 0.3 0.25 0.6
Sb-124 NR 6.7 NR NR 6.7

Cs-134 2.9 15 NR 3.0 7
Cs-136 NR NR NR NR *

Cs-137 1.9 42 1.8 10 14
Ba -140 133 1400 115 65 430
Ce-141 NR 42 5.5 5 18

Td - Not analyzed.
NR - Not reported.
*

Estimated to be less than 1 x 10-6 Ci/sec. A value of 1 x 10-6 t.C1/sec was
used to calculate annual release.

O
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TABLE 2-23
PARTICULATE RELEASE RATES FR0fl TURBINE BUILDING

VENTIL ATION SYSTEM, SHORT-TERM SHUTDOWN (REFS.11, 2)
-6

(10 LCi/sec)

NUCLICE VERMONT YANKEE OYSTER CREEK AVERAGE

Co-60 5.5 46 26

Co-58 1.5 46 24

Cr 51 NR 46 46

Mri-54 3.5 15 9.2 *

Fe-59 NR 46 46

Zri-65 NR 23 23
*

Zr-95 NR NR

Sr-89 NA NA NA

Sr-90 NA NA NA

Sb-124 NR 46 46

Cs-134 1.8 170 86
*

Cs-136 NR fir
Cs-137 4.5 240 120

Ba-140 25 110 68

Ce-141 NR 46 46

7Cliot analyzed.
NR - Not reported.

Estimated to be less than 10-6 LCi/sec. A value of 1 x 10-6 t.Ci/sec was
*

used to calculate annual release.

TABLE 2-24
PARTICULATE RELEASE RATES FROM TURBINE BUILDING

VENTILATION SYSTEM, REFUELING SHUTDOW4 (REFS.11, 2)

(10-6 Ci/sec)

_NU..CL I D E VERMONT YANKEE OYSTER CREEK AVERAGE

Co-60 3.5 490 250
Co-58 1 29 15

Cr-51 NR 72 72

Mn-54 1 180 90
Fe-59 NR 49 49

Zn-65 NR 11 11
*

Zr OS NR NR

Sr-89 NA 2.5 2.5
Sr-90 NA 0.25 0.25
Sb-124 NR 9.5 9.5

Cs-134 2.5 26 14

Cs-136 NR NR *

Cs-137 5 57 31

Ba-140 3.6 3.4 3.5
Ce-141 NR 20 20

f.A - Not analyzed.
NR - Not reported.

Estimated to be less than 10-6 t.Ci / sec . A value of 1 x 10-6 uCi/sec
*

was used to calculate annual release.

O
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TABLE 2-25
PARTICULATE RELEASE RATE * FR0f1 RA0 WASTE CUILDING

VENTILATIONSYSTE?1,NORMALOPERATION(REFS.11,2,81
-6

(10 Ci/sec)

V E PJiONT OYSTER T41NE fille
NUCLIDE YANKEE CREEK P0!iiT AVERAGE

Co-60 0.7 55 83 .. 46
Co-58 0.64 1.5 2.0 1.4
Cr-51 NR 5.3 NR .. 5.3
fin -53 0.43 14 8.7 7.7
Fe-59 NR 0.72 NR 0.72

Zn-65 1 0.63 NR 0.82
Zr-95 NR NR NR ***

Sr-89 NA 0.72 NR 0.72
Sr-90 NA 0.72 NR 0.72
Sb-124 NR NR NR * ***

Cs-134 0.8 3 33 12
Cs-136 1 NR NR 1

Cs-137 1.9 6.8 57 22
Ca-140 3.7 T4R NR 3.7
Ce-141 NR 0.72 NR 0.72

~I T -~Isot reported.
NA - Not analyzed.

*

Downstream of HEPA filters.
**

Calculated based on known filter inlet activity concentration using DF of 15.
*** -6 -6Estimated to be less than 1 x 10 aCi/sec. A value of 1 x 10 was used

to calculate annual release.

TABLE 2-26
PARTICULATE RELEASE RATE * FROM RADWASTE BUILDING

VENTILATIONSYSTEM,SHORT-TERMSHUTDOWN(REFS.11,21

(10-6 aci/sec)

NUCLIDE VEPMONT YA'4KEE OYSTER CREEK AVERAGE

Co-60 1.1 68 35
Co-58 0.95 7.2 4.1
Cr-51 NR 7.2 7.2
lin-54 0.64 19 9.8
Fe-59 NR 7.2 7.2

Zn-65 1 4.3 2.7
Zr-95 NR NR **

Sr-89 NA NA NA
Sr-90 NA NA NA
Sb-124 MR NR **

Cs-134 1.3 7.2 4.3
Cs-136 1.1 NR 1.1
Cs-137 8.6 7.2 8.0
Ba-140 0.92 NR 0.92
Ce-141 NR 7.2 7.2

NA - Not analyzed.
NR - Not reported.
*

Downstream of HEPA filters.
** Estimated to be 1 css than 10-6 :.C1/sec. A value of 1 x 10'0 pCi/sec

was used to calculate annual release.
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TABLE 2-27
PARTICULATE RELEASE RATE * FROM RADWASTE CUILDING

VENTILATIONSYSTEM,REFUELINGSHUTD0Vi(REFS.11,21
-6

(10 .Ci/sec).

NUCLIDE VERMONT YANKEE OYSTER CREEK AVERAGE

Co-60 0.8 1850 920
Co-58 0.6 114 57
Cr-51 NR 92 92
Mn-54 0.6 860 430
fe-59 NR 250 250

In-65 1 29 15
Zr-95 NR NR **

Sr-89 NA 1.8 1.8
Sr-90 NA 0.08 0.08
Sb-124 NR NR **

Cs-134 1 15 8
Cs-136 1 NR 1
Cs-137 3.9 34 19
Ba-140 1.1 NR 1.1
Ce-141 hR 29 29

NR - Not reported,
hA - Not analyzed.
*

Downstream of HEPA filters
**

Estinated to be less than 10-6 :.C 1/ s ec . A value of 1 x 10-6 t.C1/sec was
used to calculate annual release.

s
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TABLE 2-28
IODINE-131 RELEASES FROM THE MAIN CONDENSER A!R EJECTOR 5*

1972 1973 1974

R6I~NE IKTIMATTD EliTNE INTEGXTED TO' DINE INTlMXilD
Ci/ r RELEASE THERMAL POWER C i /yr_RELEASE THERP.AL POWER Ci/yr RELEASE THERMAL POWER
1[y$d 6 T6 6 5 F (Ci/d (10 g.3 ) 10 mwdFACILITY {Ci/yr). (10 MW d]__. 10 mwd (C1/yr) (10 t'Wd)

Oyster Creek 6.3 0.542 12.0 6.7 0.453 14.0 3.3 0.46 7.2

Nine Mile Point 1 0.89 0.417 2.0 1.9 0.457 4.4 0.7 0.43 1.7

Millstone 1 1.2 0.404 3.0 0.15 0.248 0.6 0.29 0.47 0.6

Dresden 2, 3** 5.1 1.05 4.6 9.8 1.18 8.3 4.0 0.91 4.4

Monticello 0.58 0.454 1.3 1.2 0.413 2.9 5.7 0.34 17.0
m

h Pilgrim 1 *** 0.46 0.523 0.9 1.4 0.25 5.8

*** 5.5 1.32 4.2 S.2 1.09 7.5Quad Cities 1, 2**

Average 4.5 5.4 6.2

Cor:bined average for 1972, 1973, 1974 -- 5.4 x 10-6 ,

.
Data from semiannual operating for 1972, 1973, 1974 for facilities listed.

**
Two-unit plants with a single stack.

***
Not included in 1972 average because plants had not achieved a full year of operation.
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source terr is regligible when clean stean (conradicattive stean from an auxiliary stean supply
systr' ') is usej for the gland seal . Because of noble g3s renoval in the rain condenser, iodice
reinval by thc cor.densate denineralizers, and partitioning in the boiler, steam prc1Jced f rom
demineral1 zed ccndonsate is considered to t:e cic.n steam. Data in Tables 2-29 and 2-31 show
the release of radicactive particulates fron the turbine gland seal te be negligible.

TABLE 2-29
PARTICULATE RELEASE RATE FROM VERMONT YA'.KEE MECHANICAL

VACUUM PUMP AND CLAND EXHAUST CONDEN5ER VENT,
SHOPT-TERM SHUTD0Zi

-6
(10 ;Ci/sec)

RELEASE
NUCLIDE PATE

Cs-134 1.2
Cs-136 1.1
Cs-137 4.9
Ca-140 2.9

TACLE 2-30
PARTICULATE RELEASE RATE FROM VERMONT YANLEE VACUUM PUMP AND

GLAND EXHAUST CONDENSER VENT, REFUELING 5HUTDO W
-6

(10 ..C i / sec )

RELEASE

NUCLIDE RATE

Cs-134 0.45
Cs-136 0.13
Cs-137 1.0
Ba-140 1.6

2.2.7 MAIN CONDENSER MECHANICAL VACUUM PUMP

2.2.7.1 Parameter

Xe-133 23D0 Ci/yr per reactor

Xe-i35 350 Ci/yr per resctor

1-131 0.03 Ci/yr per reactor

2.2.7.2 Bases

The release values for Xe-133 and Xe-135 were derived from Dresden 1 operating data
(Ref. 13). These data indicate th3t approximately 520 Ci of Xe-133 and 85 Ci of Xe-135 were
released with the Dresden 1 mechanical vacuum pump ef fluent when establishing main condenser
vacuum following a plant shutdown. "t the point in the fuel cycle where the data were taken,
the reactor was operating at an of fgas rate of approximately 60,000 aci/sec.

The release value for iodine-131 was derived from operating data taken at Vermont Yankee
(Ref. 6). These data indicate that the release rate for iodine-131 due to rechanical vacuum
pump operation during plant startup was approximately 0.09 LCi/sec. Information from reactor
operators indicates that the rechanical vacuum pumps are operated periodically during plant shut-
downs to maintain a slight condenser vacuum and prevent leakage from the condenser to the
turbine building. A total of 24 hours of vacuum pump operation per shutdown was assumed for
purposes of calculating iodine releases. The annual release estimates for noble cases and
iodine-131 are based on four shutdowns per year. Data in Tables 2-29 and 2-30 show thz release
of radioactive particulates from the rechanical vacuum pump to be negligible.
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2.2.8 AIR INLEAKM E TO THE MAIN CONDENSER

2.2.8.1 Pa rame ter

310 f t / min air inleakage for each condenser shell of the main condenser.

2.2.8.2 Bases

Air inleakage to the main condenser is a function of the number of condenser shells and of
the station housekeeping performed to reduce inleakage and maintain low inleakage levels. Oper-
ating data for inleakage vary widely. For example, Oyster Creek and Dresden 2 air inleakage

3measurements during early operation bdicated that leakage rates were 4 to 250 ft / min. Ygt.
Dresden 1 inleakage during full-power operation has been measured to be approximately 3 f tJ/ min.

A large amou. of air inleakage data has been evaluated for TVA power plants, where inleak-
age measurements havi. been recorded for several years. Air inleakage measurements for six TVA
plants, representing more than 40 years of cumulative experience, indicate leakage rates ranging

3from 4 to 12 f t / min per condenser shell.

3An air leakage rate of 10 f t / min per condenser shell is assumed for nuclear power plants
under normal operating conditions, including anticipated operational occurrences, averaged over
the life of the plant.

2.2.9 HOLDUP TIMES FOR CHARC0AL DELAY SYSTEMS

2.2.9.1 Pa rame ter

T = 0.26 f1E/10 N

where

K is the dynamic adsorption coefficient, in cm /g (see chart below);

M is the mass of charcoal adsorber, in thousands of pounds;

T is the holdup time, in hours; and

10 N is the number of sholls in main condenser tines 10 f t / min inleakage per shell .
3Dynamic adsorption coefficients (in cm /g) are as follows:

OPERATING 77'F CPERATING 77 F OPERATING 0'F
DEW POINT 45*F DEW POINT O'F DEW POINT -20 F

Kr 18.5 25 105

Xe 330 440 2410

2.2.9.2 Eases

Charcoal delay systems are evaluated using the above equation and dynamic adsorption
coefficients. T = MK/10 N is a standard equation for the calculation of delay times in charcoal
adsorption systems (Ref. 14). The dynamic adsorption coefficients (K values) for Xe and Kr are
dependent en operating temperature and moisture content (Refs. 15 and 16) in the charcoal, as
indicated by the values in the above parameter. The K values represent a composite of data from
operating reactor charcoal delay systems (Ref s.17 and 18) and reports concerning charcoal
adsorption systems (Refs. 14, 15,16,18,19, 20, and 21 ) .

The factors influencing the selection e' /al gs are

*

1. Operational data from kRB (" J, L = 260-430) (Ref. 17) and fromTess
KWL (K = 30, F:Xe *

Kr

-e
Kernkraftwerk RWE - Bayernwerk GmbH.

**
Kernkraftwerk Lingen GmbH.
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2. The effect of temperature on the dynamic adsorption coefficients, indicated
in Figure 2-2 (Ref.15).

3. The effect of moisture on the dynamic adsorption coef ficients, shown in Figure 2-3.
The affinity of charcoal for moisture, shown in Figure 2-4

4. The variation in K values between researchers and between the types cf charcoal used in
these systems (Refs. 15, 22, and 23). Because of the variation in K values based on
dif ferent types of charcoal and the data reported, average values taken from KRB and
KWL data shown in Figure 2-2 are used.

The 'nef ficient 0.26 adjusts the units and was calculated as follows:

T(hr) = M(10 lb) K(cm /q)(454 9/lb)(3.53 x 10 ft /cm3)3 3 3

3(10 f t / min-shell)(N shells)(60 min /hr)

T = 0.26 h-

2.2.10 DECONTAMINATION FACTCRS FOR CRYOGENIC DISTILLATION

2.2.10.1 Parameter

NUCLIDES_ DECONTAMINATION FACTOR

4
I, Xe 1 x 10

3
Kr 4 x 10

The holdup times are calculated on the basis of gas residence time in the system prior to
release.

2.2.10.2 Bases

A DF of 10 for iodine and xenon and a DF of 4 x 10 for krypton are used for a crycgenic
distillation system. The values are based on data submitted in Amendment 11 to the PSAR for the
Hope Creek Nuclear Generating Station, Units I and 2 (Ref. 24), which were derived from a pro-
prietary report (Ref. 25) of Air Produ::ts and Chemical, Inc. The PSAR states that a maximum of
0.025; Kr (DF = 4 x 10 ) and 0.01 Xe (Dr = 10 ) will escape from the system. These decon-
tamination factors are considered reasonable.

2.2.11 DECONTAMINATION FACTOR FOR THE CHARC0AL ADSORSERS AND HEPA FILTERS

2.2.11.1 Parameter

Use a nominal DF of 10 for iodine removal by charcoal adsorbers subject to applicant's
commitment to provide data to support charcoal bed deoth for renoval efficiency used. Use a DF
of 100 for particulate removal by HEPA filtration.

2.2.11.2 Bases

Only very limited data are available concerning the removal of iodine at trate ccncentrations

(10'I2 rCi/cm ). The majority of the available data concerning iodine adsorption on activated3

carbon is addressed toward iodine concentrations that are orders of nagnitude higher than the
levels of concern in source term evaluations for normal operations.

The iodine removal efficiency of activated carbon varies greatly, even between carbon in the
same lot (Ref. 23). This lack of consistency makes the comparison of reported data _tfficult.
The difficulty is compounded by sampling and measurement problems encountered when working with
the low iodine concentrations involved. Accordingly, useful infomation concerning the adsorption
of trace quantities of iodine is limited (Ref. 26). In addition, when iodine is present in low
concentrations, ;mpurities in the carrier gas may be adsorbed by the charcoal causing competition
between the iodine and impurities. Over long periods of time (i .e. , several months), tuch impa-

G adsorption coefficient (Ref. 26) and shortening the time before iodine breaktnrough.
rities may saturate (poison) the adsorber (Ref. 27), thereby decreasing the apparent iodine

Channeling
through the charcoal Ded via passages caused by poor initial bed packing or by settling during
use will also decrease adsorber efficiency.
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Data being developed for iodine renoval at trace levels may be used by applicants to substan-
tiate the iodine removal efficiencies. The DF of 100 for HEPA filters is consistent with expected
particulate renoval efficiencies under normal operating conditions

The DF assigned the charcoal adsorbers and HEPA filters considers in-place leak testing
to be conducted before use and routinely thereat ter, as recorrended in ANSI Standard N510
" Testing of Nuclear Air Cleaning Systens" (Ref. 28).

2.2.12 LIQUID WASTE INPUTS

2.2.12.1 Para p ter

The flow rates listed in Table 2-31 are used as inputs to the liquid radwaste treatment
system. Flows that car".ot be standardized are added to those listed in Table 2-31 to fit an
iniividual applite .un. Disposition of liquid streams to the appropriate collection tanks is
based on the applicant's intended method of processing.

?.2.12.2 Bases

The liquid waste inputs are based on the values proposed by the ANS 52.3 Working Group draft
standard for boiling water reactor liquid radwaste system (Ref. 29). Activity inputs are based
cn the reactor coolant concentrations proposed by ANS 18.1 Working Group draf t standard (Ref.1)
boiling water reactor source terms given in Parameter 2.2.3. The values given are those that
were judged to be representative for a typical BWR design.

2.2.13 CHEMICAL WASTES FROM REGENERATION OF CONDENSATE DEMINERALIZERS

2.2.13.1 Parameter

1. Liquid flows to demineralizer at main steam activity.

2- All nuclides removed from the reactor coolant by the demineralizers are removed from
the resins during regeneration.

3. Use a regeneration cycle of 3.5 days times the number of demineralizers. (For systems
using ultrasonic resin cleaning, use 7 days times the number of demineralizers.)

2.2.13.2 Ca_s e,s

Operating data f rom Dresden 2 and 3 indicate that one condensate denineralizer regeneration
occurs every 3.5 days (Ref. 30).

All material exchanged or filtered out by the resins between regenerations is contained in
the reqenerant waste streams; therefore, each regeneration will have approximately the same
ef fectiveness (i.e. , each regeneration removes all material collected since the pre 'ious regen-
eration, leaving a constant quantity of material on the resins after regeneration). Regeneration
cycles are normally controlled by particulate buildup on resin beds, resulting in h gh pressure
drops across the bed. If ultrasonic resin cleaning is used to renove insolubles between regen-
erations, the ef fective bed life between regenerations will be approximately doubled based on
preliminary operatins; data from Dresden and Pilgrim 1 (Refs. 31 and 32).

2.2.14 DETERGENT WASTE

2.2.14.1 Parameter

for plants with an onsite laundry, use 450 gal / day per reactor of detergent waste and the
radionuclide distribution given in Table 2-32 for untreated detergent wastes. The quantities
shown in Table 2-32 are added to the adjusted liquid source term. They are reduced for any
treatraent provided using the appropria*? decontamination factors.

2.2.14.2 Ba ses

in the evaluation of liquid radwaste treatment systems, it is assumed that detergent wastes
(laundry drains, personnel and equipment decontamination drains, and cask cleaning drains) will
total approximately 450 gal / day per reactor. The radionuclide distribution given in Table 2-32
is based on data f rom Ginna given in Tab!e 2-33.

O
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TABLE 2-31
BWR LIQUID WASTES

FLOW RATE
(gal / day)

FRACTION OF

PLANT WITH PLANT WITHOUT PRIMARY COOLANT

ULTRASONIC RESIN ULTRASONIC RESIN ACTIVITY

SOURCE CLEANER CLEANER (PCA)

Equirment Drains

Drywell 3,400 3,400 1

Containment, auxiliary 3,720 3.720 0.01

building, and fuel pool
Radwaste building 1,060 1,060 0.01

Turbine building 2,960 2,969 0.01
.

Ultrasonic resin cleaner 15,000 - 0.05

Resin rinse 2,500 5,000 0.002

Subtotal 28,640 16,140 -

Floor Drains

Drywell 700 700 1

Containment, auxiliary 2, 000 2,000 0.01

building, and fuel pool
Radwaste building 1,000 1,000 0.01

Turbine building 2,000 2,000 0.01

Subtotal 5,700 5,700 -

Other

Cleanup phase separator decant 640 640 0.002

**
Laundry drains 450 450

Lab drains 500 500 0.02

* ***
Regenerants 1,700 3,400

2 x 10-6
Condensate backwash * - 8,100

Chemical lab waste 100 100 0.02

Total 37,730 26,930

* - Deep-bed condensate demineralizers.
** - Listed in BWR-GALE Code, see Table 2-32.

*** - Calculated by BWR-GALE Code.
+ - Filter /demineralizer (Powdex) condensate demineralizer.

2-33



TABLE 2-32
CALCULATED ANNUAL RELEASE OF RADI0 ACTIVE MATERIALS IN

UNTREATED DETERGENT WASTE FROM A BWR AND PWR

NUCLIDE Ci/yr

Mn-54 0.001

Co-58 0.004

Co-60 0.009

Zr-95 0.0014

Nb-95 0.002

Ru-103 0.00014

Ru-106 0.0024

Ag-110n 0.00044

I-131 0.0006

Cs-134 0.013

Cs-137 0.024

Cs-144 0.005

Total 10.06

9
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TABLE 2-33
GIM4A NUCLEAR POWER STATION

RADIONUCLICE DISTRIBUTION OF DETERGENT WASTE
FOR PERIOD CCTOBER 1972 _ JULY 1973 (Ref. 33)

10/26/72 11/26/72 1/01/73 2/01/73 3/01/73 4/01/73 5/01/73 6/01/73 7/01/73

to to to to to to to to to MONTHLY

NUCLIDE 11/25/72 12/31/72 1/31/73 2/28/73 3/ 31/73 4/30/73 5/31/73 6/30/73_ 7/31/73 AVG. MAX._ MIN.

Cs-137 2.93 0.87 0.31 1.02 1.59 12.8 0.55 0.48 1.58 2.46 12.8 0.31

Cs-134 2.04 0.48 0.19 0.53 0.82 7.0 0.26 0.21 0.60 1.35 7.0 0.19

Co-60 1.04 1.04 0.24 0.92 0.86 2.1 0.23 0.16 1.54 0.90 2.1 0.16

Co-58 0.82 0.74 0.10 0.17 1.32 0.43 0.08 0.02 0.03 0.4' l.3 0.02

Mn-54 - 0.21 0.05 0.12 0.11 0.25 0.06 - 0.15 0 0.25 0.05.

Zr-95 0.59 0.25 0.07 0.09 0.10 0.17 - - - 0.14 0.59 0.07

Nb-95 0.49 0.39 0.09 0.16 0.17 0.35 0.06 - 0.11 0.20 0.49 0.06

I-131 - - - - - - - - 0.06 0.06 0.06 -

'? Ce-144 1.05 0.76 0.17 0.55 0.43 1.50 0.26 0.08 0.41 0.53 1.50 0.08

M Ce-141 - - 0.01 - - - - - - 0.001 0.01 -

Ru-106 1.91 - 0.30 - - - - - - 0.25 1.9 0.30

Ru-103 - - 0.02 0.019 0.09 - - - - 0.014 0.09 0.23

Ag-ll0m - - 0.08 0.02 0.07 0.23 - - - 0.05 0.23 0.02

Cr-51 - - - - - - - - - - - -

Mo-99 - - - 0.005 - - - - - 0.005 0.005 -

Total 10.9 4.7 1.6 3.4 5.6 24.8 1.5 0.9 4.5 6.4 24.8 0.94

Monthly
Flow (gal) 24.380 6,770 1,800 10,680 10,290 8,620 5,220 3,400 5,200 8,4' 0 24,380 1,800c

Oaily
- - - - - - - 280 810 60

Flow (gal) - -



2.2.15 1RITInM RELEASES

2.2.15.1 Parameter

The total tritium release through liquid and vapor pathways is 0.025 Ci/yr per MWt. The
quantity of tritium released through the liquid pathway is based on the calculated volume of
liquid released with a tritium concentration of 0.01 uCi/cm3 up to a maximum of 50% of the total
quantity of tritium calculated to be available for release. The remainder of the tritium pro-
duced is assumed to be released as a vapor from the plant vent.

2.2.15.2 Bases

Table 2-34 lists the measured liquid and gaseous tritium releases from CWRs for 1972, 1973,
and 1974. Based on the total tritium release for each facility, the integrated thermal power
produced during the year, and a plant capacity factor of 80%, the total annual release is approxi-
nately 0.025 Ci/MWt through the combined liquid and vapor pathways.

The tritium can be released either in liquid wastes or as a vapor with ventilation efflu-
ents, the relative amounts being dependent on liquid recycle practices. The tritium concen-
tration assumed for the liquid releases is based on the tritium concentration given in Table 2-2
and is the value recorFended by the ANS 18.1 Working Group for BWR source term calculations. This
value is based on a review of tritium concentrations in BWR liquid streams (Ref.1). This
evaluation assumes steady-state conditions; i.e., the tritium inventory in the plant remains
constant and the tritium entering the reactor water is released through the liquid and vapor
pathways.

2.? 16 DECONTAMINATION FACTORS FOR DEMINERALIZERS

2.16.1 Parameter

The following are the expected decontamination factors (DFs) for demineralizers used on
process or radwaste streams.

DECONTAMINATION FACTORS *
OTHER

DEMINERALIZER TYPE ANION Cs, Rb NUCLIDES

MixedBed(H+OH}

Reactor coolant 10 2 10

Condensate 10 2 10

2 2Clean waste 10 (10) 10(10) 10 (10)
2Dirty waste (floor drains) 10 (10) 2(10) 10 (10)

Cation Bed (H*)

2Dirty waste 1(1) 10(10) 10 (10)
Powdex (any systen) 10(10) 2(10) 10(10)

*

For an evaporator poli .iing demineralizer or for the second demineralizer in series,
the DF is given in the :irentheses.

2.2.16.2 Bases

The DFs for demineralizers used in the evaluation of liquid waste treatment systems are
derived from the findings of a generic review in the nuclear industry by ORNL (Ref. 34). This
reference contains operating and theoretical data that provide a basis for the numerical values
assigned. The infomation contained in this report was projected to obtain a performance value
expected over an extended period of operation. It was also considered that attempts to extend
the service life of the resin will reduce the DFs below those expected under controlled operating
conditions.

O
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TABLE 2-34
TRITIUM RELEASE DATA FROM OPERATING SWRs*

NUCLEAR RATIO 0F TOTAL TRITlUM
THERMAL OUTPUT TRITIUM RELEASED (Cilyr) RELEASED (C1/yr-MWt at

(106 MWdt) 807 capacity)
POWER STARTUP GASEOUS LIQUID

REACTOR NAME (MWt) DATE 1972 1973 1974 1972 T97T h7T 1972 1973 197T 1972 1973 1974

Oresden 1 700 1959 0.16 0.10 0.05 ** ** ** 43 18.5 13.8 0.078 0.054 0.11

Oyster Creek 1930 1969 0.54 0.45 0.46 0.8 0.4 0.4 62 36.6 14.1 0.034 0.024 0.009

** 28 46.5 18.7 0.032 0.047 0.012Nine Mile Point 1850 1969 0.42 0.46 0.44 18 26.8

Dresden 2, 3 2577 1970/71 1.04 1.18 0.91 31 10 11 26 26 22.6 0.016 0.009 0.011

Millstone 1 2011 1970 0.40 0.25 0.47 4.2 1.7 2.8 21 3.7 24.1 0.018 0. 006 0.017

7 Mor,ticello 1670 1970 0.46 0.41 0.37 12 ** ** *** *** *** 0.003 - -

M
Vermont Yankee 1593 1972 0.06 0.18 0.34 + 1.0 0.9 t 0.2 ** - 0.002 0.001

Quad Cities 1, 2 2511 1971/72 0.52 1.32 1.09 4.7 34 " 29 4.7 24.5 34 0.005 10.013 0.017

Pilgrim 1 1998 1972 0.11 0.53 0.25 ** 14 8 4.2 0.4 10.5 0.011 0.008 0.022

Average 0.025 t0.020 0.025

*
0ata from semiannual reports of reactors listed.

**
No reported data.

***
No measurement made.

i
Prior to first rore refueling.

" Measured only during the July-December 1973 period.
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The following operating conditions were factored into the evaluation of demineralizer
performance:

1. In general, the CF for waste treatment systems will vary with the quality of the wa -
to be treated, increasing with increasing activity. Normally, when two demineralizers are used
in series, the first demineralizer will have a higher CF than the second. However, the data in
Reference 34 indicate that Cs and Rb will be more strongly exchanged in the second demineralizer
in series than in the first, since the concentration of preferentially exchanged competing
nuclides is reduced.

2. As indicated in Reference 34, compounds of Y, Mo, and Tc fom colloida? particles that
tend to plate out cn solid surfaces. Mechanisms such as plateout on the relativel; large surface
area provided by demineralizer resin lead to removal of these nuclides to the degree dated
above. An analysis of effluent release data indicates that these nuclides, although present in
the primary coolant, are normally undetectable in the effluent streams.

2.2.17 DECONTAMINATION FACTORS FOR EVAPORATORS

2.2.17.1 Pa rameter

ALL NUCLICES
EXCEPT IODINE IODINE

3Misceib ne% s radwaste evaporator 10 10

2 2Separate evaporator for detergent 10 10
wastes

2.2.17.2 Bases

The decontamination factors for evaporators are derived from the findings of a generic
review by ORNL of evaporators used in the nuclear industry (Ref. 35). The principal conclusions
reached in the report are

41. Decontamination factors of 10 can be expected for nonvolatile radioactive nuclides
in a single-stage evaporator.

2. Decontamination factors for iodine are a factor of 10 less than the DFs for non-
volatile nuclides.

3. Decontamination factors for wastes containing detergents that tend to foam are a factor
of 10 to 100 lower than DFs expected for nonfoaming wastes.

These conclusions have been extended to take into account the following factors:
41. For nonvolatile nuclides in a nonfoaming solution, a DF of 10 is used.

2. If an evaporator is used for detergent wastes, the DF for the evaporator is reduced
to 100 to reflect carryover due to foaming, which will reduce the DF.

2.2.18 DECONTAMINATION FACTORS FOR REVERSE OSMOSIS

2.2.18.1 Parameter

Overall DF of 30 for laundry wastes and DF of 10 for other liquid radwastes.

2.2.18.2 Bases

Reverse osmosis processes are generally run as senibatch processes. The concenLoted
stream rejected by the rrembrane is recycled until a desired fraction of the batch is processed
through the rnembrane. The ratio of the volume processed through the membrane to the inlet batch
volume is the percent recovery. The DF normally specified for the process is the ratio of nuclide
concentrations in the concentrated liquor stream to the concentrations in the effluent stream.

This ratio is termed as the membrane DF. For source tem calculations, the system DF should be
used. The systen DF is the ratio of the nuclide concentrations in the feed stream to thcie in
the effluent stream. The relationship between the system DF and the membrane DF is nonlinear and
is a function of the percent recovery. This relationship can be expressed as follows:

O
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DF =
5 1 - [1 - F] m

where

DF is the mertrane DF;
m

DF is the system DF; and

F is the ratio of ef fluent volume to inlet volume (percent recovery).

Tables 2-35 through 2-37 give membrane DFs derived from operating data at Point Beach and
Ginna (Refs. 36, 37, 38, and 39) and laboratory data on simulated radwaste liquids (Refs. 40 and
41). These data indicate that the overall membrane DF is approximately 100. The percent recovery
for liquid radwaste processes using reverse osmosis is expected to be approximately 95%, i.e., 5
concentrated liquor. Using these values in the above equation, the system DF is approximately 30.

0.95
DF - = 30=

05 1 . (1 .95)

The data used were derived mainly from tests on laundry wastes. The DF for other plant
wastes, e.g., floor drain wastes, is expected to be lower because of the higher concentrations of
iodine and cesium isotopes. As indicated by the data in Tables 2-35 and 2-37, the membrane DF
for these isotopes is lower than the average membranc DF used in the evaluation for laundry waste.

2.2.19 GUIDELINES FOR CALCULATING LIQUID WASTE HOLDUP TIMES

The radioactive-decay holdup times applied to the input waste streams are calculated using
the following parameters:

1. The collection time for an 801 volume change in the tank, based on the liquid waste
flow rates from the source (above values).

2. The total time liquid remains in the system for processing, based on the flow rate
through the limiting process step.

3. One-half the time required to empty the final liquid waste sample (test) tank to the
environment. This value is based on the maximum rate of the discharge pumps and the nominal tank
vol um .

The calculated values in 1. and the total af 2. and 3. are used as inputs to the computer

code.

2.2.20 ADJUSTMENT TO LIQUID RADWASTE SOURCE TERMS FOR ANTICIPATED GPERATIONAL OCCURRENCES

2.2.20.1 Pa rame ter

1. Increase the calculated source term by 0.15 Ci/yr per reactor using the same isotopic
distribution as for the calculated source term to account for anticipated opera Monal occurrences
such as operator errors that result in unplanned releases.

2. Assume .vaporators to be unavailable for two consecutive days per week for maintenance.
If a 2-day holdup capacity or an alternative evaporator is available, no adjustment is needed.
If less than a 2-day capacity is available, assume the waste excess is handled as follows:

High-purity or low-purity waste - Processed through an alternative system (ifa.
available) using a discharge fraction consistent with the lower purity system.

b. Chemical Waste _ - Discharged to t he environment to the extent holdup capacity or an
alternative evaporator is unavailable.

2.2.20.2 Bases

Reactor operating data over a 2-1/2-year oeriot January 1973 through June 1975, repre-
senting 102 reactor years of operation were e ilD e, to determine the frequency and extent of
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TABLE 2-35
REVERSE OSMOSIS DECONTAMINATION FACTORS, GINNA STATION (REF 36)

CONCENTRATE ACTIVITY PRODUCT ACTIVITY
NUCLIDE (.Ci/cm3) (,.Ci/cm3) MEMBRANE DF

Ce-144 2.88 x 10-4 <2.2 x 10-7 1200

Co-58 8.55 x 10-5 <3.4 x 10-8 1600

-5 -0Ru-103 5.83 x 10 <5.5 x 10 1100

-4 -6Cs-137 4.09 x 10 6.6 x 10 60

Cs-134 2.02 x 10'4 3.2 x 10-6 60

-0 ~8
Nb-95 5.35 x 10 <5.3 x 10 1000

-5 -8Zr-95 2.36 x 10 <3.7 x 10 640

-5 -8Mn-54 8.82 x 10 <3.4 x 10 2600

~# ~0Co-60 9.62 x 10 <8.1 x 10 12,000

Total isotopic 2.15 x 10-3 9.8 x 10 220-6

-3 -5Gross a 1.63 x 10 1.86 x 10 88

-3 -6
Total isotopic - 1.93 x 10 9.8 x 10 m
Weak

Average * 200

_*
The average DF is calculated from the average of the reciprocals of the isotopic DFs.

O
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TABLE 2-36
REVERSE OSMOSIS DECONTAMI'lATION FACTORS, POINT BEACH (REF. 39)

FEED ACTIVITY PRODUCT ACTIVITY MEMBRANE
DATE T_IME (LCi/ml) (LCi/ml) DF

-56/14/71 0840 1.1 x 10 6.8 x 10'7 16

-51225 6.3 x 10 4.2 x 10~ 150

-5 ~71530 8.8 x 10 3.2 x 10 280

-4 -66/15/71 1030 2. 7 x 10 3.1 x 10 87

-61315 1.0 x 10- 1.7 x 10 59

-41440 1.3 x 10 1.1 x 10' 1200

-41510 1.6 x 10 1.1 x 10- 1500

-4 ~71530 1.8 x 10 5.7 x 10 320

Average 160

TABLL 2-37
EXPECTED REVERSE OSMOSIS DECui;T.^FINaTION FACTORS

FOR SPECIFIC NUCLIDES (REF. 41)

CONCENTRATE ACTIVITY PRODUCT ACTIVITY MEMBRANE
NUCLIOE (aci/ml) (pCi/ml) DF

Co-60 2.5 x 10~4 5 x 10-7 500

Mo-99 3.8 x 10-2 1 x 10 40
-3

-I -3I-131, 132, 1.2 x 10 4 x 10 30
133, 134,
135

-2 -4Cs.134,137 4.3 x 10 2 x 10 200
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unplanned liquid release During the period evaluated, 27 unplanned liquid releases occurred,
12 due to personnel error', 7 due to conponent failures, and the remainder due to miscellaneous
causes such as procedural 'rrors and design errors. Table 2-38 summarizes the findings of tais
eva l ua ti on . These findin s indicate that approximately 0.15 Ci/yr per reactor is espected to
occur as unplanned releases The tanks most likely to be released are the low-level sample
(test) tanks, and theref ore the calculated liquid source tern radionuclide distribution is applied
to the releases.

TABLE 2-38
FREQUENCY AND EXTENT OF UNPLANNED LIQUID RADWASTE

RFLEASES FROM OPERATING PLANTS

M Lfn ED__ LIQUID RELEASES FRE_QUENCY/ VOLUME

Total nunber 27

Approximate activity (Ci) 14.0

5
Approximate volume (gal) 2.0 x 10

Fraction of cumulative occurrence per 0.3
reactor year (releases / reactor year)

Activity per release (Ci/ release) 0.5

Activity release per reactor year (Ci/ reactor year) 0.14

Volum of release per reactor year (gal / reactor year) 2.0 x 10

Operating experience has shown the availability for evaporators in waste treatment systems
to be in the range of 60 to 803 Unavailability is attributed to scaling, fouling of surfaces,
instrunentation failures, corrosion, and occasional upsets resulting in high carryovers rcquiring
systen cleaning. A value of two consecutive days unavailability per week was chosen as being
representative of operating experience, for systens having suf ficient tank capacity to collect
and hold wastes during tha assumed 2-day / week outage, no adjustments are required for the source
tem. If less capacity is available, the difference between the waste expected during two days
of nonnal operation and the available holdup capacity is assumed to follow an alternative rcute
for processing. Since processing through an alternative route implies mixing of wastes having
dif ferent purities and dif ferent dispositions af ter treatment, it is assumed that the fraction of
waste discharged following processing will be that nomally assumed for the less pure of the two
waste streams combined.

Since chenical and regenerant wastes are not amenable to processes other than evaporation,
it is assumed that unless an alternative evaporation route is available, chemical and regenerant
wastes in excess of the storage capacity are discharged without treatrent.

2.2.21 GUIDELINES FOR ROUNDING OFF NUMERICAL VALUES

In calculating the estimated annual release of radioactive naterials in liquid and gaseous
wastes, round off all numerical values to two significant figures.

2.2.22 C ARCON-14 RELEASES

2.2.22.1 Parameter

The annual quantity of carbon-14 released f rom a boiling water reactor is 9.5 Ci/yr. It is
assumed that the carbon-14 reacts with oxygen in the reactor water and behaves like a noble gas
fission product; thus all carbon-14 produced will be released through the main condenser offgas
systen.

O
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2.2.22.2 Bases

The principal source of carbon-14 is the thermal neutron reaction with oxygen-17 in the
reactor coolant. The production rate of carbon-14 from oxygen-17 is given by the equation:

Q = tb%;mtps (Ci/yr)

where

n is the 3.9 x 10 kg, mass of water in reactor core;

22% is the 1.3 x 10 atoms 0-17/kg natural water;

p is the 0.08, plant capacity factor;

-22
s is the 1.03 x 10 Ci/ atom, specific activity for C-14;

t is the 3.15 x 10 sec/yr, maximum irradiation time per year;

-25 2
il the 2.4 x 10 cm , thermal neutron cross section for 0-17; and,

2is the 3 x IM neutrons /cm -sec, average thermal neutron flux.;

Based on the above parameters, 0 = 9.5 Ci/yr.

Carbon-14 can also be produced by neutron activation of r.itrogen-14 dissolved in the reactor
coolant and present in air in the drywell. These sources contribute a small fraction of a curie
per year to the annual production of carbon-14 due to the low concentration of nitrogen-14 in
the reactor coolant (less thaq l ppm by weight), and the low neutron flux in the drywell (approx-

Pimately 4 x 10' neutrons /cm -sec).

The annual release of 9.5 Ci of carbon-14 is in good agreement with measurements at Nine
Mile Point I reported by runz et al. (Ref. 42), who found that 8 curies per year of carbon-14
were released, principally in the form uf CO '

2

2.2.23 ARGON-41 RELEASES

2.2.23.1 Pa rame ter

The anrual quantity of argon-41 released from a boiling water reactor is 25 C1/yr. The
argon-41 is released to the environmer via the containment vent when the drywell is vented or
purged.

2.2.23.2 Bases

Argon-41 is formed by neutron activation of stable naturally occurring argon-40 in the
drywell air surrounding the reactor vessel. The argon-41 is released to the environment when
the drywell is vented or purged. EWRs that have a comnon stack for tne release from the main
condenser of fgas system and the containment purge do not report argon-41 releases t,ecause the
argon-41 is a small fraction of tha total release from the stack. fionticello reported that 50
curies of argon-41 were released in 1973 and that the isotope was not detected in effluents in
1974. Browns Ferry 1 reported 19.2 curies of argon-41 released in 1974. Based on these data,
the argon-41 release is estimated to be 25 curies per year.
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CHAPTER 3. INPUT FORMAT, SAMPLE PROBLEri, AND
-~TT;RTRAN LISTING 0F THE BWR-GALE CODE

3.1 INTRODUCTION

This chapter contains additional information for using the BWR-GALE Code. Chapter 1 of
this report described the entries required to be entered on input data cards, and Section 3.2
of this chapter contains sample input data sheets to orient the user in making the entries
described in Chapter 1.

Section 3.3 of this chapter- contains a listing of the input data cards for a sample problem
and the resultant output for that sample problem. Section 3.4 contains a discussion of the
nuclear data library used and a FORTRAN listing of the BWR-GALE Code.

3.2 INPUT DATA SHEETS

The following pages show (1) the form in which data should be entered on input data sheets
and (2) a sdmple Completed sheet.
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3.3 SAtiPLE PROBLEM - INFUT AND OUTPUT

The ollowing pages show printouts of the input and output for a sample problem t sing the
BWR-GALE Code.
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3.4 LISTING OF BWR-GALE CODE

3.4.1 fiUCLEAR DATA LIBRARY

Calculation of the releases of radioactive materials in liquid effluents using the GALE
Code requires a library of nuclear data available on magnetic tape from the Division of ADP
Support, USNRC (301)492-7713. For convenience, the tape consists of five files, written in
card image fom. The contents of the five files are:

1. File 1: A FORTRAN listing of the liquid effluent code.

2. File 2: Nuclear data library for corrosion and activation products for use with the
liquid effluent code.

3. File 3: Nuclear data library for fuel materials and their transmutation products for
use with the liquid effluent code.

4. File 4: Nuclear data library for fission products for use with the liquid effluent
code.

5. File 5: A FORTRAN listing of the gaseous effluent code.

The ta9e is written in the following format:

DCb = (RECFM = FB, LRECL = 80, BLKSIZE = 3200)

Use of the tape requires two data cards in addition to those described above containing the
plant parameters. For a low enrichment uranium-235 oxide-fueled light water reactor, these
cards should always contain the following data:

CARD COLUMN INPUT DATA

1 1-72 Ti tle

1 75 The value 2

2 1-10 The value 0.632*

2 11-20 The value 0.333

2 21-30 The value 2.0

2 31-40 The value 1.0E-25

2 41-46 The date (month, day, year)

2 48 The value 1

2 50 The value 0

2 52 The value 0

A description of the information contained in the nuclear data library can be found in the
report ORNL-4628, "0RIGEN - The ORNL Isotope Generation and Depletion Code," dated May 1973.

3.4.2 FORTRAN PROGRAM LIST! fig

The remainder of this chapter provides the program listing for the CWR-GALE Code.
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9 12, f s tCd 2,8. t f c 7,08 C s r a , n * -t m 7, as e n 2,-5 t ?, PF L a v tae"7ts-

C r* =0*'/ a PC C r L / d6 6 d,0* ! U., a5 C 5 b G, J' E G,9 = G , T S tr -d ,8 GF P C*e*7500
CU"=C7/99ffsta8swf 00061a*^
C9"*DN/8Lis/8Lontti) --','"of,Ia.rEn.r.n ,ans, ewe,*0aL=a,-ftaa ar'c7s'

C0==DN/Cm c/DC",diNWfanc)
sttmen),0-c. r(nor,1,C= crc (ecci,C-C &Ctanc), cron7.A'

SCUN(8*0) Feea?*S't
CO* ')N/**C/*8Cfsp a-PCf99c),.-pCrane) e9ea7asa
E1vivaLE*Cf (alfan(t),fo-*>d(13),(rlaft),0=C0A2(l)) asea 745*
Data P 4/8 p.w'p,dem/t mm='/ qane7&n;
Data Lauscov/2%sguo 27esAn,27e$on,anegge,utnogn,sein3c,sagrAn, Orsate7c

1 e7ttri,%3131u,5513 0,55137r.581ssa/ Omnr7.sr
cata .L a o yr./ o . n o t ,0,0 3 6, e . q c m 7, n . c o t s , n , c r 2,0. 0 a S t d ," . 0 ^ 2 a UF*o749*e

1 6. r.' C C c 4, e . 0 0 0 r n d ,6. r t 3, 9. c 2 u , 3,0 9 5 2 / cner75ns
Oq to fat,7707 cccc75te

10 D(!)s=015(1) 00ee7529
IF ( f v p5.E 9.M ae ) c.4 To 15 cc$n7535
>$phpasu.sep"=1 ceeo7gge

C M3 Coo. 19 T=F pd Twff!'- -wi=adv CrotsNT Co* C'sYsa fit * !s OSaa75Sa
C UCI/G" ecoe?Sn*

H3rne.s!,0 00097A7e
Ctes*LCaeCra eonefsna
C2s*cFLweC.s e ne r75e '
Cl2Cl/(Cl*C2) bear 7%aa
C2st,=C1 oce97 eta
G1 to 2u encefn?'

C TWITCO IS Tat pak T u f fli - po!=a4v CDCla,t C as C E N T w a T ! t" !N ance7ein
C LC1/G". cace7eco

Y 15 Ta! Tows e25epn-t nce7msoa

d Te!TCes.01 acco7aen
20 00 30 Jst,1 TDT r9eefe79

C= CONC (J)se.0 nace7amn
incnNC(J)se,e ocne7ee,
D.COAC(J)sm.0 onne77en
0* CON 2(J)se.o crae77to
C* CONC (J)so.e opnn??p;
N2sNect (J)/I ne ne ea96773c
IF(NZ.Ew.36.08.~Z.EG.54) G4 TO 10 ceneF7en
C=C9kC(J)sPto*CfJ)*C-a nion7ts3
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IF(TVDt.tJ. Mad) C-CfNC(J)sPC0=c(J)*C a cenr77en
IF(fvpF.tG.Mak) G1 77 30 000c7aan
C*CDNC(J)s5CnNfJ) n o m.17 a t e
DFCvristo. eco17m2c
18 ( NZ. E 9.1 )Ds c h t s e t . 0 oc007n3a
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C cene7aea

CALL COLLECT (fteenudo..C. Cost,fLiff,ITPT) onen70mo
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CALL COLLECT (72*a6ano. n.CUN2,!Lfiteifni) caos795c
CALL C OL L E C T ( T C = e a m s o n . , C = C Ds t . I t. I T E , I T D T ) in9e79er

so IF(WFGFNf.LE.9.0) Gn to go onen7gga
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C 70 ? star p.a it-m!%t 8t !L ;I* G F Lt r. c.a!.s e-ar s orut. .astt **aa*tti
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t 3CorC (!)s t rC os t t !) /r:s f it i aancagg,
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DO 130 Isle! TOT cara*510
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IF(REGENT.LT.O. rett GD ?L 110 eieemse)
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TOTAL sTOTAL +CaCONC(!)+D= CONC (!)+C=CDNC(T)+1UksDE(!) 00066900

140 CONTINLL 000?m91n
AD!so.)$ 00008920
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STks0.0 00069000
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SCaNALs0.0 00cn902o
SPEas0.0 On3c913n
papelvs0.0 000694ce
PSECse.0 noen905n
PCaaSTs0.0 000n4coe
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paRLnes0.0 e n n e g r a r,

PTHec.0 econoage
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CT0falso.O 00009150
pe!NT 9001. WEaCTa 00009 na
IF(Tv9E.f G. pad) p e ! *. T ouc2 00609173
IF (T ypt.E G.9aR) Aw!NT 9006 Dona 9ta]
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CHAPTER 4. DATA NEEDED FOR RADI0 ACTIVE SOURCE TERM
CALCULATT IS FOR BiTILINC WATER REACTORS BWRsf

~

This chapter lists the information needed to generate source terms for BWRs. The information
is provided by the applicant and should be consistent with the contents of the Safety Analysis
Report (SAR) and the Environmental Report (ER) of the proposed boiling water reactor. This
information is the basic data required to calculate the releases " radioactive material in
liquid and gaseous effluents (the source terms). All data is on a per-reactor basis.

4.1 GENERAL

1. The maximum core thermal power (MWt) evaluated for safety considerations in the SAR.
(Note: All of the following responses should be adjusted to this power level.)

2. The quantity of tritium released in liquid and gaseous effluents (C1/yr per reactor).

4.2 NUCLEAR STEAM SUPPLY SYSTEM

l. Total steam flow rate (in lb/hr).

2. Mass of reactor coolant (in Ib) in the reactor vessel at full power.

4.3 REACTOR COOLANT CLEANUP SYSTEM

l. Average flow rate (in lb/hr).

2. Demineralizer type (deep bed or powdered resin) and size (in ft ).

3. Regeneration or replacement frequency.

4. Regenerant volume (in gal / event) and activity (if applicable).

4.4 U":"ENSATE DEMINERALIZERS

1. Average flow rate (in Ib/hr).

2. Demineralizer type (deep bed or powdered resin).

3. Number and size (in ft ) of demineralizers.

4. Regeneration or replacement frequency.

5. Indicate whether ultrasonic resin cleaning is used and waste liquid volume
associated with its use.

6. Regenerant volume (in gal / event) and activity.

4.5 LIQUID WASTE PROCESSING SYSTEMS

1. For each liquid waste processing system, provide in tabular form the following
informa tion :

a. Sources, flow rates (in gal / day), and expected activities (fraction of primary
coolant activity, i.e., PCA) for all inputs to each system.

b. Holdup times associated with collection, processing, and discharge of all
liquid streams,

Capacities of all tanks (in gal) and processing equipment (in gal / day) consideredc.
in calculating holdup times,

d. Decontamination factors for each processing step.

4-1



e. Fraction of each processing stream expected to be discharged over the life
of the plant.

f. For waste demineralizer regeneration, the time between regenerations, regenerant
volumes and activities, treatment of regenerants, and fractions of regenerant
discharged. Include parameters used in making these detenninations.

g. Liquid source term by radionuclide (in Ci/yr) for normal operation, including
anticipated operational occurrences.

2. Provide piping and instrumentation diagrams and process flow diagrams for the liquid
radwaste systems, along with all other systems influencing the source term calculations.

4.6 MAIN CONDENSER AND TURBINE GLAND SEAL AIR REMOVAL SYSTEMS

1. The holdup time (in hr) for offgases from the main condenser air ejector prior to
processing by tFe offgas treatment system.

2. A description and the expected performance of the gaseous waste treatment systems for
the offgases from the condenser air ejector and mechanical vacuun pump. The expected
air inleakage per Condenser shell, the number of condenser shells, and the iodine
source term from the condenser.

3. The mass of charcoal (in tons) in the charcoal delay system used to treat the offgases
f rom the main condenser air ejector, the operating and dew point temperatures of the
delay system, and the dynamic adsorption coefficients for Xe and Kr.

4. A description of the cryogenic distillation system, the fraction of gases partitioned
during distillation, the holdup in the system, storage following distillation, and the
expected systen leakage rate.

5. The steam flow (in lb/hr) to the turbine gland seal and the source of the steam
(primary or auxiliary).

6. The design holdup time (in hr) for gas vented from the gland seal condenser, the
iodine partition factor for the condenser, and the fraction of radioiodine released
through the system vent. A description of the treatment system used "c reduce radio-
iodine and particulate releases from the gland seal system.

7. Piping and instrumentation diagrams and process flow diagrams for the gaseous waste
treatrent system, along with all other s, stems influencing the source term calculations.

4.7 VENTILATION AND EXHAUST SYSTEMS

For each plant building housing the main condenser evacuation system, the turbine gland
seal system exhaust, or any system that contains radioactive materials, provide the following:

1. Provisions incorporated to reduce radioactivity releases through the ventilation or
exhaust systems.

2. Decontamination factors assumed and the bases (include charcoal adsorbers, HEPA
filters, and mechanical devices).

3. Release rates for radioiodines, noble gases, and radioactive particulates (in C1/yr);
radioactive particulate size distribution; and the bases.

4 Release point description including height above grade, height above and location
relative to adjacent structures, expected average temperature difference between
gaseous effluents and ambient air, flow rate, exit velocity, and size and shape of
flow orifice.

5. For the containment building, indicate the expected purge and venting frequencies
and duration and the continuous purge rate (if used).

O
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