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Pursuant to 10 CFR 50.90, PSEG Nuclear LLC (PSEG) hereby requests a revision to Appendix A of the
Technical Specifications for the Salem Nuclear Generating Station, Units I and 2. In accordance with 10
CFR 50.91 (b)(1), a copy of this submittal has been sent to the State of New Jersey.

PSEG proposes, in accordance with the provisions of 10 CFR 50.67, "Accident Source Term" to revise
the Salem Units 1 and 2 source term used for design basis radiological analyses. This revision follows
guidance set forth by the Nuclear Regulatory Commission (NRC) in Regulatory Guide (RG) 1.183. PSEG
is additionally requesting changes to the Technical Specifications and UFSAR to revise certain
requirements based on the radiological dose analysis margins obtained by the application of AST. A
discussion of the proposed Technical Specifications changes is provided in Attachment 1. A summary of
the calculations performed to evaluate the TEDE doses for the Design Basis Accidents is also contained
in Attachment 1. The marked-up and proposed Technical Specifications pages are provided in
Attachment 2. The marked-up and proposed changes to certain portions of the UFSAR are provided In
Attachment 3. PSEG calculations completed to support the revised dose analysis for this submittal are
available for your review upon request.

As stated In the 180-day response to Generic Letter 2003-01 (LR-N03-0471 dated December 9, 2003),
PSEG is submitting this request for amendment to revise the dose analysis for Salem Units I and 2 to
bring the plant in alignment with the dose analysis in regards to Control Room Envelope (CRE) unfiltered
Inleakage. For Salem Units I and 2, tracer gas testing was performed from May 31 to June 4, 2003, to
measure the inleakage to the Salem CRE. The results of the Tracer Gas Testing are included in this
submittal.

PSEG has evaluated the proposed Technical Specifications changes and has determined that they do not
involve a significant hazards consideration as defined in IOCFR 50.92. The basis forthis determination is
provided in Attachment 1. PSEG has also determined that operation with the proposed changes will not
result in any significant increase in the amount of effluents that may be released offsite and no significant
increase in individual or cumulative occupational radiation exposure. Therefore, the proposed
amendment is eligible for categorical exclusion as set forth in 10CFR 51.22 (c) (9). Pursuant to 10CFR
51.22 (b), no environmental Impact statement or environmental assessment is needed in conjunction with
the approval of the proposed changes. The basis for our determination is provided in Attachment 1. A
summary of the resulting doses is Included with this submittal page 59, Attachment 1.

PSEG requests NRC Staff review of this submittal and Issuance of a license amendment by April 30,
2005. Due to the number of program and procedure changes necessary for implementation, PSEG
requests ninety days implementation from the Issuance date of the amendment.

Should you have any questions regarding this letter, please contact Mr. John Nagle at 856-339-3171. AFpO/

95-2168 REV. 7/99
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I declare under penalty of perjury that the foregoing is true and correct.

Executed on 1/.-'(01 D I
I I

Sincer

D. S Garcpow
Vice President
Engi &eringlTechnical Support

Attachments (5)

C Mr. H. J. Miller, Administrator - Region I
U. S. Nuclear Regulatory Commission
475 Allendale Road
King of Prussia, PA 19406

U. S. Nuclear Regulatory Commission
ATTN: Mr. Daniel Collins, Licensing Project Manager - Salem
Mail Stop 08C2
Washington, DC 20555-0001

USNRC Senior Resident Inspector - Salem (X24)

Mr. K. Tosch, Manager IV
Bureau of Nuclear Engineering
PO Box 415
Trenton, NJ 08625
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Evaluation of Application

Adopting Alternative Source Term

Regulatory Guide 1.183
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1.0 BACKGROUND

The current Salem source term was developed using Technical Information Document (TID)-14844,

Calculation of Distance Factors for Power and test Reactor Sites, (Reference 1). "During the past 30

years substantial additional information on fission product releases has been developed based on

significant severe accident research." This research "now allows more realistic estimates of the "source

term" release into containment, in terms of timing, nuclide types, quantities, and chemical form,

given a severe core-melt accident." As such, 10 CFR 50.67 allows plants whose initial operating license

was issued before January 10, 1997, to seek to revise their current accident source term used in their

design basis radiological analysis.

2.0 DESCRIPTION

PSEG is voluntarily applying for NRC approval to replace the current source term with the alternative

source term described in Attachment 2. The alternate source term proposed in this request adheres to

NRC guidance provided by Regulatory Guide (RG) 1.183 (Reference 3) except as otherwise stated.

Under previous licensing actions, PSEG previously submitted the selective application of Alternate

Source Term licensing changes as they apply to the Fuel Handling Accident. (PSEG submittal associated

with Amendment 251 for Unit I and Amendment 232 for Unit 2)

This request contains an evaluation of the consequences of design basis accidents (DBAs) previously

analyzed in the Salem safety analysis report. In accordance with provisions set forth in 10 CFR 50.67,

"Accident Source Term," PSEG will demonstrate with reasonable assurance that:

1. A person located at the boundary of the Salem exclusion area during any 2-hour period

following the onset of the postulated fission product release, would receive a radiation dose not

exceeding 25 Roentgen-Equivalent-Man (rem) total effective dose equivalent (TEDE).

Z A person located at the outer boundary of the Salem low population zone, who is exposed to a

radioactive cloud emitted by the postulated fission product release for the entire time of its

passage, would receive a radiation dose not exceeding 25 rem TEDE.

3. Adequate radiation protection is provided to permit access to and occupancy of the Salem

and Hope Creek control rooms for the entire duration of the postulated accident, with no

person in the control room receiving radiation exposure that exceeds 5 rem TEDE.

Assumptions and Methodologies

Safety evaluations required by 10 CFR 50.34 form the basis for determinations made under 10 CFR

50.92 and § 50.59. Under 10 CFR 50.67, applicants for AST are required to re-analyze these safety

evaluations. Salem design-basis analyses presented herein use the assumptions and models selected

by the NRC staff and defined in RG 1.183, except where otherwise stated, to provide appropriate and

prudent safety margins. However, PSEG Nuclear has developed a conservative model for the transport
3
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of the amount of radioiodine that is postulated to be available for release to the environment due to
leakage from ESF systems that recirculate sump water outside of the primary containment. The model is
an alternative to the deterministic approach indicated in the assumptions for ESF system leakage

provided in Appendix A of RG 1.183.

Except as otherwise stated, PSEG takes credit for Engineered Safety Features and other
appropriately qualified, safety-related, accident mitigation features. In some cases, PSEG has opted

to not take credit for a qualified accident mitigation feature in order to provide an additional

measure of conservatism. Selected numeric input values are conservative to assure conservative
postulated dose. Except as otherwise required by regulatory guidance, analyses use Technical
Specification values where indicated.

Implementation of AST is a significant change to the Salem design basis. PSEG has re-analyzed the
design-basis accidents included with this proposal, and the assumptions and methods used are
compatible with the requested AST and TEDE criteria. Implementation of AST included in future
requests will require re-analysis to employ AST and TEDE criteria in the affected design basis
transients.

Meteorological data collected in accordance with' the site-specific meteorological measurements

program described in the Salem UFSAR were used in generating accident (X/Q) values. PSEG

applied this data using atmospheric dispersion values (Z/Q) for the EAB, the LPZ, and the control
room, licensed by the NRC, to perform the radiological analyses identified by RG 1.183.

Atmospheric Dispersion Factors

Control room atmospheric dispersion factors (XIQs) for plant vent releases were previously calculated

using the ARCON96 computer code (Ref. 23). The dispersion factors were addressed in PSEG's
submittal associated with Amendments 251 for Unit 1 and 232 for Unit 2. Atmospheric dispersion factors
for the non-LOCA releases through the Main Steam Safety Relief Valves (MSSVs) and pressure relief
panels are established in Reference 22 using the ARCON96 computer code and guidance in Regulatory

Guide 1.194. The newly established X/Qs were used to analyze the dose consequences of non-LOCA
design basis accidents.

Accident Source Term

Reactor-core fission-product inventory available for release to containment as postulated in this request
assumes maximum full power operation, as licensed. PSEG calculates core power as the current

licensed rated thermal power of 3459 MWt times 1.05, yielding 3632 MWt, which includes the 2%

instrumentation uncertainty and a small margin for power uprate. The assumed period of irradiation is
sufficient to allow dose-significant radionuclide activity to reach equilibrium or to reach maximum
values.The PSEG calculations (Reference 6 and 9 through 12) provide details of the LOCA and Non-
LOCA design basis accident analyses performed according to guidelines set forth in RG 1.183.
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Dose Calculations

PSEG completed dose calculations using the proposed AST and TEDE acceptance criteria. These

calculations assume that a person located at, or beyond, the exclusion area boundary (EAB) will receive

a dose that is the sum of committed-effective-dose-equiialent (CEDE) from inhalation and the deep-

dose-equivalent (DDE) from external exposure. They consider radionuclides, including progeny from

decay of parent radionuclides that are significant to dose consequence and released radioactivity.

Analyses consider the radionuclides compositions listed in Table 5, § 3.4, cf RG 1.183, and assume that

design-basis-accidents release fission-products t, containment in particulate form, except for elemental

iodine, organic iodine, and noble gases. Radioiodine fractions released to containment in a postulated

accident are assumed to be 95 percent cesium iodide (Csl), 4.85 percent elemental iodine, and 0.15

percent organic iodine, including both gap releases and fuel pellets releases.

3.0 PROPOSED CHANGES

PSEG is voluntarily applying for NRC approval to replace the current source term with the alternative

source term described. The alternate source term proposed in this request adheres to NRC guidance

provided by Regulatory Guide (RG) 1.183 (Reference 3) except as otherwise stated. Under previous

licensing actions, PSEG submitted the selective application of Alt.mate Source Term licensing changes

as they apply to the Fuel Handling Accident

This amendment request would permit changes to the Technical Specifications and the Licensing Basis

as described in the Salem UFSAR. These changes are:

* Implementation of revised AST in accordance with RG 1.183 for Salem Units 1 and 2,

* Crediting recirculation sprays following the LBLOCA for long term containment iodine removal.

* Adjusting the current Control Room assumed in-leakage by replacing it with values based upon the

Tracer Gas Test completed in June 2003.

* Modify the current restrictive operational limits by allowing increased ESF leakage outside

containment to 1 gpm from the current I gph,

* Relocating, from the Technical Specifications to the UFSAR, the Auxiliary Building Filtration System

surveillances. Even though the LOCA calculations performed do not credit the ABVS filtration

system, PSEG proposes to relocate the charcoaVHEPA filtration surveillances to the UFSAR in order

to maintain compliance with the occupational exposure guidelines of 1OCFR 20, and

* The removal of the TS requirements, including the existing 24-hour LCO, for the ABVS filtration

system. This change is justified under the 10 CFR 50.36 criteria used in determining whether a

limiting condition for operation (LCO) is required to be included in the Technical Specifications.
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Modifying the Technical Specifications requirements for the Auxiliary Building Ventilation System.

The function of the system is described in the proposed Bases. The Applicability has been expanded

to "At All Times" to provide consistency with the accident analyses assumptions. The slightly

negative pressure requirement ensures that out leakage from the Auxiliary Building following a DBA

LOCA is minimized. The present value of -0.10 inches water gauge is not changed from the current

Technical Specifications Bases Page B 3/4 7-5c.

4.0 RADIOLOGICAL CONSEQUENCES

Introduction

The Salem Units 1 and 2 licensing basis for the radiological consequences analyses for Chapter 15 of the

UFSAR is currently based on methodologies and assumptions that are derived from TID-14844 (Reference 1)

and other early guidance.

Regulatory Guide (RG) 1.183 (Reference 3) provides guidance on application of altemative source terms

(AST) in revising the accident source terms used in design basis radiological consequences analyses, as

allowed by 1OCFR50.67. The altemative source term methodology as established in RG 1.183 is being used

to calculate the offsite and control room radiological consequences for Salem Units I and 2. The following

UFSAR Chapter 15 radiological consequences analyses are revised: LBLOCA, Steam Generator Tube

Rupture (SGTR), Locked Rotor, Rod Ejection, Main Steamline Break (MSLB), Waste Gas Decay Tank

(WGDT) Rupture, and Volume Control Tank '(VCT) Rupture. Each accident and the specific input

assumptions are described in detail in PSEG calculations of this report. The accidents are analyzed using the

RADTRAD 3.02 computer code (Reference 21) and accident-specific nuclide inventory files (NIFs). A

summary of the resulting doses is included on page 59 of Attachment 1.

Common Analysis Inputs and Assumptions

The assumptions and inputs described in this section are common to analyses discussed in this report. The

accident specific inputs and assumptions are discussed below.

The TEDE offsite dose acceptance criteria specified in Table 6 of Regulatory Guide 1.183 is implemented

in lieu of the whole body and thyroid dose guidelines provided in 10 CFR 100.11. Also, the 5-rem TEDE

control room dose acceptance criterion specified in 10 CFR 50.67 is implemented in lieu of the 5-rem

whole body and equivalent organ dose guidelines provided in 10 CFR 50 Appendix A GDC 19.

The total effective dose equivalent (TEDE) doses are determined at the exclusion area boundary (EAB) for

the limiting two-hour interval and at the low population zone (LPZ) and to control room personnel (CR) for the

duration of the event. The dose conversion factors (DCFs) used in determining the committed effective dose

equivalent (CEDE) or inhalation doses are from Reference 19 and the deep dose equivalent (DDE) from

external exposure are from Reference 20. The TEDE dose is equivalent to the CEDE dose plus DDE for the

duration of exposure.
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Parameters modeled in the control room personnel dose calculations include CR air intake X/Qs, normal

operation flowrates, emergency operation intake and recirculation flowrates, unfiltered inleakage, control

room envelope volume, filter efficiencies, and control room operator breathing rates and occupancies. In

the analyses presented in this report, the control room is modeled as a discrete volume.

The Salem current licensed thermal power level of 3,459 MWt is multiplied by 1.05 to generate an AST

core inventory at a thermal power level of 3,632 MWt (= 3,459 x 1.05), thereby providing a 2% margin for

power measuring instrument uncertainty and additional margin for a future power uprate.

Regulatory Guide 1.183 provides guidance for evaluating the radiological consequences of DBAs. The

following DBAs were analyzed:

* Large Break Loss-of-Coolant Accident (LBLOCA)

* Fuel Handling Accident (previously addressed in PSEG's submittal associated with Amend ment 251

for Unit I and Amendment 232 for Unit 2)

* Steam Generator Tube Rupture (SGTR),

* Reactor Coolant Pump Locked Rotor,

* Rod Ejection,

* Main Steam-Line Break (MSLB),

* Waste Gas Decay Tank (WGDT) Rupture, and

* Volume Control Tank (VCT) Rupture.

Each of these accidents and their specific design inputs and assumptions are described in

detail in the various calculations (References 6, and 9 through 12). A summary report of these

calculations is provided below.

In addition to the above-described calculations, PSEG has completed additional assessments to

determine the total effect to the safe operation of the facility and acceptable doses to plant staff and

members of the public. The assessments and the results are summarized below:

Emergency Planning Effectiveness Review

An effectiveness review was conducted in accordance with the requirements of 10 CFR 50.54 (q) to

assess if the proposed changes represent a decrease in the effectiveness of the PSEG Nuclear

Emergency Plan. This evaluation concluded that the effectiveness of the Emergency Plan is not

affected by these changes.

Radiological Impact to EQ program

The post-LOCA 120-day gamma dose for the safety related electrical components exposed to the post-

LOCA sump water in the recirculation piping in the auxiliary building is expected to increase due to the

increase cesium (30% vs. 1%) in the AST. However, the existing conservatism in the Salem TID source
7
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term for the post-LOCA sump water compensates for the increase in the 120-day integrated gamma

dose due to the increased cesium in the AST. The 120-day post-LOCA gamma integrated doses in the

Salem EQ program for the safety related equipment exposed to the recirculation piping remain bounding

for the increased cesium in the AST. Therefore, the qualification status of the equipment in the current

Salem EQ Program will not be affected. (Reference 14)

Post-LOCA Access to Vital Areas

Regulatory Position 4.4 of Regulatory Guide 1.183 identifies that with respect to the acceptance criteria

for the various NUREG-0737 items, for facilities applying for, or having received, approval for the use of

an AST, the applicable criteria should be updated for consistency with the TEDE criterion in 10 CFR

50.67(b)(2)(iii). Therefore, PSEG Nuclear has assessed the impact of AST implementation on post-LOCA

access to vital areas at Salem Generating Station (Reference 8). Post-LOCA doses to perform the post-

LOCA emergency operating procedure (EOP) functions have been analyzed. The TEDE doses are

generally higher in the Auxiliary Building due to higher assumed ESF leakage resulting in a higher inhaled

dose contribution and the higher AST-based Cs137 levels have affected whole body dose contributions

especially those associated with obtaining and analyzing reactor coolant and containment sump samples.

The requirements to have and maintain post-accident sampling systems were eliminated at Salem Units 1

and 2 by Amendment Nos. 254 and 235, respectively. In support of the development contingency plans

for obtaining and analyzing samples of reactor coolant, containment sump, and containment atmosphere,

PSEG Nuclear evaluated its capability to obtain and analyze sample in a reasonable amount of time.

With implementation of AST, in some limiting cases of obtaining post-LOCA chemistry samples, the

higher doses have affected the amount of time required for obtaining and analyzing samples. The

assessment results are consistent with the elimination of the post-accident sampling systems from the

Salem licensing basis. The resulting doses remain in compliance with NUREG-0737, Section II.B.2, and

would not prevent operators from accessing areas of the plant to perform necessary functions without

exceeding 5 rem (TEDE is used in the AST analysis).

Salem Technical Support Center Habitability

An evaluation was completed to determine the post-LOCA radiological habitability of the Salem

Technical Support Center (TSC) using an alternative source term and TEDE dose criteria.

Supplement 1 to NUREG 0737, Section 8.2, "TSC*, states that the TSC will be provided with radiological

protection and monitoring equipment necessary to assure that radiation exposure to any person working

in the TSC would not exceed 5 rem whole body, or its equivalent to any part of the body, for the duration

of the accident. Therefore, a 5 rem TEDE 30-day dose guideline is applied to the TSC. The TSC dose

is based on the control room breathing rate and occupancy factors specified in RG 1.183, Section 4.2.6.

(Reference 7).
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The post-LOCA dose at the TSC is 3.11 rem TEDE, which is within the 5-rem TEDE allowable limit.

Hope Creek Station Control Room Habitability

PSEG evaluated the Hope Creek control room habitability due to a LOCA occurring at the Salem Station.

Unit 2, which has been determined to be the most limiting for radiological impact on the adjacent Hope

Creek plant control room habitability due to being in closer proximity to the Hope Creek station.

(Reference 13)

The post-LOCA results indicate that the Hope Creek CR is habitable during and following a LOCA

occurring at Salem Unit 2. Post-LOCA Hope Creek CR dose due to a LOCA occurring at the Salem 2 is

0.79 rem TEDE, which is within the 5-rem TEDE allowable limit.

4.1 LARGE BREAK LOSS OF COOLANT ACCIDENT RADIOLOGICAL ANALYSIS

An abrupt failure of the main reactor coolant pipe is assumed to occur and it is assumed that the emergency

core cooling features fail to prevent the core from experiencing significant degradation (i.e., melting). This

sequence cannot occur unless there are multiple failures, and thus goes beyond the typical design basis

accident that considers a single active failure. Activity from the core is released to the containment and from

there released to the environment by means of containment leakage and leakage from the emergency core

cooling system.

The reanalysis of the LBLOCA offsite and control room doses for Salem uses the following RG 1.183 source

term characteristics in place of those identified in TID-14844 and Regulatory Guide 1.4:

* Iodine chemical species

* Fission product release timing

* Fission product release phases through early in-vessel

* Fission product release fractions

* Fission product groups

PURPOSE

The purpose of this calculation is to determine the post-Loss Of Coolant Accident (LOCA) doses at the

Exclusion Area Boundary (EAB), Low Population Zone (LPZ), and Control Room (CR) using the

Alternative Source Term (AST), guidance in the Regulatory Guide (RG) 1.183, RADTRAD3.02 computer

code, and Total Effective Dose Equivalent (TEDE) dose criteria for the following post-LOCA release

paths:

* Containment Leakage

* Engineered Safeguards Feature (ESF) Leakage

* Containment Pressure-Vacuum Relief Line Release

* Back-leakage to the Refueling Water Storage Tank (RWST)
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ANALYTICAL APPROACH

Core Inventory

The Salem I & 2 core inventory used in the LOCA radiological consequence analysis consisted solely of

noble gas and halogen isotopes. The AST analysis requires radionuclide inventories for the additional

radionuclide groups shown in Table 5 of Regulatory Guide 1.183. Therefore, a post-LOCA core inventory

required for the AST analysis is developed.

Containment Leakage

Activity Transport in Primary Containment

Per RG 1.183, Appendix A, Section 3.3, the mixing rate attributed to natural convection between sprayed

and unsprayed regions of the containment building, provided that adequate flow exists between these

regions, is assumed to be two turnovers of the unsprayed regions per hour. The mixing rate between the

sprayed and unsprayed regions is assumed to be two turnovers of the unsprayed regions per hour, which

is 21,833 cfm. This mixing rate is conservatively less than the post-LOCA airflow of 43,251 cfm based the

operation of two of five CFCUs.

Containment Spray Coverage

Westinghouse Report, WCAP-7952, ulodine Removal by Spray in the Salem Containment," dated,

August 1972 indicates that the spray coverage for Salem was originally 90%. In 1996 a conservative

spray coverage of 60% was derived by performing a volumetric depiction of spray coverage in the

containment. The spray pattern was taken from the nozzle manufacturer's data at ambient atmospheric

conditions. The coverage was then compressed based on a compression multiplier at conservative

containment temperature and pressure conditions after the LOCA.

With the new AST methodology the timing of the release of fission products occurs later after the LOCA

compared to the TID-14844 methodology. With AST the iodine release is not complete until 1.8 hours

after the accident. With this timing change from TID-14844 to AST, the decreasing containment

temperature and pressure increases the spray effectiveness areas. Additionally, the use of a

conservative volumetric depiction of spray coverage does not recognize the extensive turbulence in the

sprayed and unsprayed air interaction process as was done in the earlier WCAP, which considered

coverage to be 100% in the spray drop zone regions where there were no equipment interferences.

Some space in the top of the containment dome (above the spray headers) was considered unsprayed

in the 1996 calculation, but was considered to be sprayed in the Westinghouse report. The sequence of

events with AST methodology makes it reasonable to assume that the fission products released through

the depressurization of the RCS during a LOCA will be scrubbed through the sprayed region before it
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migrates to the top of the containment dome. After the rapid initial containment pressure transient has

peaked, the only flows into the dome volume are gases replacing steam condensing in the dome or

gases transferred there due to turbulence between the dome and lower volumes. Regardless, when the

significant fission products begin to enter the lower region of containment from the LOCA the

containment pressure has already peaked and the sprays are already operating. It is reasonably

conservative to assume the fission products do not reach the dome region without passing through

spray.

Therefore for this AST analysis the containment spray coverage was reconstituted using greater spray

coverage in the open sprayed sub-volumes below the spray headers and above the operating floor and

in the sub-volumes above the reach of the upward directed sprays at the top of the containment. The

calculated spray coverage increased to 80.2% and for conservatism 75% was used in these analyses.

Containment spray removal of iodine and particulates (aerosols) is assumed to be initiated at 90 seconds

after the start of the LOCA event In the initial containment spray injection phase, the spray water is

drawn from the refueling water storage tank (RWST). The injection phase terminates at 48 minutes after

the start of the 'LOCA, at which time tho containment spray recirculation phase begins and the spray

water is drawn from the containment sump. A containment spray interruption of less than 5 minutes is

expected during the transition from the injection to the recirculation phase. This containment spray

interruption is conservatively assumed to be 10 minutes in this analysis (from 48 to 58 minutes). During

the interruption, the containment spray is not credited in removing the aerosol and elemental iodine

activities from the containment atmosphere. The containment spray injection phase elemental iodine

removal coefficient is calculated to be 29 hr' using Salem plant-specific design condition parameters.

However, Standard Review Plan (SRP) 6.5.2 limits the use of the elemental iodine removal coefficient

(XE) to 20 hrW. Therefore, a XE of 20 hr' is used during the injection phase. The spray aerosol removal

coefficient (Xp) in the injection phase is calculated to be 4.44 hr' using the plant-specific design input

information. During the injection phase, one containment spray pump (CSP) is assumed to operate

(postulating a single failure of the other pump) at a minimum flow rate of 2,600 gpm. The flow rate is

reduced to 1,900 gpm during the recirculation phase. Therefore, for the recirculation phase XE and Xp are

re-calculated based on the reduced flow rate.

SRP 6.5.2, Section 4.c sets forth a maximum decontamination factor (DF) of 200 for elemental iodine

based on the maximum iodine activity in the primary containment atmosphere when the sprays actuate,

divided by the activity of iodine remaining at some time after decontamination. Regulatory Guide 1.183

specifies that the maximum activity to be used in determining the containment spray DF is defined as the

iodine activity in the columns labeled 'Total" in Table 2 of RG 1.183 multiplied by 0.05 for elemental

iodine and by 0.95 for particulate iodine (i.e., aerosols are treated as particulates in SRP methodology).
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The DF for the containment atmosphere achieved by the containment spray system can be determined

using the following equation:

DF =1 + VH
Vc

Where: V, = volume of liquid in containment sump

V= containment net free volume less V,

H = partition coefficient

This equation is used to calculate the minimum DF of 546 for the Salem Fuel Upgrade/Margin Recovery

(FUIM.R) project. The DF of 100 (which is smaller than both 200 and 546) is conservatively used in the

containment leakage analysis.

The SRP 6.5.2 also states that the particulate iodine removal rate should be reduced by a factor of 10

when a particulate DF of 50 is reached. The maximum iodine activity in the containment atmosphere

occurs at tie end of early-in-vessel release phase, which is 1.8 hrs after a LOCA. Therefore, the

corresponding XE and Xp cutoff times are calculated based on an assumption that the maximum iodine

activity occurs at 1.8 hrs after onset of a LOCA. Although containment spray can be operated for a long

time after the LOCA, containment spray operation is assumed to be terminated at 4.0 hrs after a LOCA.

The corresponding assumptions and design inputs are shown in Reference 6. The resulting containment

leakage doses are summed with the doses from other post-LOCA sources.

Long-Term Iodine Partition

RG 1.183, Appendix A, Section 1, requires evaluation of the re-evolution of iodine for a sump pH value of

less than 7. During the injection and recirculation phases, the sump water pH will remain at greater than 7

including consideration of the effect of acids and bases created during the LOCA event and radiolysis

products of electrical products.. Consequently, the re-evolution of dissolved iodine from the sump is not

considered.

Engineered Safeguards Feature (ESF) System Leakage

ESF systems that recirculate containment sump water outside of the primary containment are assumed to

leak during their intended operation. This release source includes leakage through valve packing glands;

pump shaft seals, flanged connections, and other similar components in the Residual Heat Removal

(RHR), Safety Injection (SI), and Chemical & Volume Control (CVC) systems. The radiological

consequences from the postulated leakage are analyzed and combined with consequences postulated for

other fission product release paths to determine the total calculated radiological consequences from the

LOCA. Since the containment spray (CS) system operation is extended during the recirculation phase, it

is also accounted for in the total ESF leakage. The recirculation phase system components subject to

leakage during the recirculation phase are located in the Auxiliary Building. However, Auxiliary Building

filtration is not credited in this AST dose analysis.
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Post-LOCA Iodine Source Term in Sump Water

Regulatory Guide 1.183, Appendix A, Section 5.1, requires that with the exception of noble gases, all the

fission products released from the fuel to the containment should be assumed to instantaneously and

homogeneously mix in the primary containment sump water. In lieu of this deterministic approach,

suitably conservative mechanistic models for the transport of airborne activity in containment to the sump

water may be used. The sump water activity in this analysis is established in the following section based

on a suitably conservative iodine transport of containment airborne activity to the sump, which is

permitted in the RG 1.183, Section 5.1. The requirements of Section 5.1 of RG 1.183, Appendix A for a

suitably conservative iodine transport model is adopted in this AST dose analysis and justified in the

following section:

Forty percent of iodine released from the fuel to the containment is assumed to be transported to the

containment sump. If the sump pH is controlled at values 7 or greater, the radioiodine released from the

fuel to containment should be assumed to be 95 percent cesium iodide (Cs[), 4.85 percent elemental

iodine, and 0.15 percent organic iodide. The containment sump pH is maintained at greater than 7 during

and following a LOCA at the Salem plants. With the exception of elemental and organic iodine and noble

gases, fission products should be assumed to be in particulate form. Based on these regulatory

requirements, the chemical form of sump water iodine could be 4.85% elemental iodine, which is volatile

and subject to becoming airborne from the ESF leakage in proportion to a flashing rate, and 95% cesium

iodide (Csl), which remains waterborne provided the pH of the containment sump water is > 7. The

remaining 0.15% organic iodide is in gaseous form is released to the containment atmosphere, and has

its dose contribution accounted for in the containment leakage.

ESF Leakage Release Path

The ESF leakage during the post-LOCA injection and recirculation phases includes leakage through valve

packing glands; pump shaft seals, flanged connections, and other similar components associated with the

containment spray pumps, charging pumps, safety injection pumps, and residual heat removal (RHR)

pumps. These release points are located in the Auxiliary Building. An ESF leakage rate of I gpm is

assumed in the analysis. The mixing of ESF leakage in the Auxiliary Building air spaces and dilution with

other exhaust air flows in the plant vent is not credited in this analysis.

ESF Leakage Dose Analysis

The leakage from systems outside containment that could contain highly radioactive fluids after a LOCA,

e.g. ECCS, is engineered safeguards feature (ESF) leakage. The value used in the LOCA dose analysis

is doubled to be consistent with the guidance provided in Regulatory Guide 1.183. The nominal ESF

leakage value used in this AST analysis is conservatively increased from the present value of -1 gph to I

gpm (from 3790 cc/hr to 1 gpm). This increase in allowable ESF leakage provides a more reasonable
13



Document Control LR-N04-0021
Attachment I LCR S03-05

operating margin. The normal operation of the positive displacement charging pump (PDP) enhances

reliability of the safety related accident mitigating charging pumps by not relying on these pumps during

normal operation. This conservatively higher value of ESF leakage significantly contributes to the

calculated control room dose yet dose consequences are still maintained within the regulatory limits. The

offsite doses are a small fraction of the limits. The higher allowable ESF leakage limits will not change

the Salem 1 & 2 operational strategy to maintain ESF leakage as low as reasonably achievable.

ESF system leakage is conservatively assumed to begin at 20 minutes, representing the earliest possible

recirculation start time with the ESF operating at maximum capacity. The design basis ESF leakage rate

of 3790 cc/hr (= 1 gal/hr) is increased to I gpm. Per the guidance in Regulatory Guide 1.183, the ESF

leakage of I gpm is doubled and an iodine flashing fraction of 10 percent is applied resulting in an

equivalent ESF leakage rate to the environment of 0.2 gpm (= 0.02673 cfm).

It is determined that the 4.85% of elemental iodine released from the core to containment atmosphere

and transported to the containment sump becomes the iodine source for the ESF leakage. The elemental

iodine of 4.85% is increased by a factor of 3 to add a large conservatism in the resulting ESF leakage

doses. The resulting elemental iodine represents a 0.05824 fraction of the core iodine inventory.

Therefore, the RADTRAD model is developed for the ESF leakage analysis using the RADTRAD release

fraction and timing (RFT) file with an iodine release fraction of 0.05824 and applicable design inputs and

assumptions. A sump water volume of 43,930 ft3 is conservatively used, which is less than the sump

water volume of 45,510 ft3 used in the sump pH analysis. The resulting doses are summed with the doses

from other post-LOCA sources in Reference 6.

Containment Pressure-Vacuum Relief Line Release

The containment pressure-vacuum relief line release occurs following the large break LOCA, and before

containment isolation. The entire reactor coolant system (RCS) inventory is assumed to be

instantaneously released and homogeneously mixed in the containment atmosphere. The containment

pressurization due to the RCS mass and energy release combined with the presence of the containment

pressure-vacuum relief line result in the potential for a limited release of airborne activity to the

environment. One hundred percent of the radionuclide inventory in the RCS liquid is assumed to be

released into the containment at the initiation of the LOCA. A release of gap activity into the containment

is not considered since the containment pressure-vacuum relief line release duration of 5 seconds

terminates this release path prior to the onset of the gap release phase at 30 seconds (Reference 3,

Table 4).

The RCS iodine activity is based on the technical specification for RCS equilibrium activity. Iodine spikes

are not considered. Per Technical Specification (TS) LCO for Specific Activity, the primary coolant

equilibrium iodine concentration permitted by the technical specifications is I pCVgm Dose Equivalent

(DE) 1-131. Technical Specification Section 1.10 defines DE 1-131 as that concentration of 1-131 (in pCig)
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(DE) 1-131. Technical Specification Section 1.10 defines DE 1-131 as that concentration of 1-131 (in pCig)

which alone would produce the same thyroid dose as the quantity and isotopic mixture of 1-131, 1-132, I-

133,1-134, and 1-135 actually present using the thyroid dose conversion factors (DCFs) specified in Table

IlIl of TID-14844; the TS Section 1.10 definition of DE 1-131 will be revised to be based on the DCFs

specified in Federal Guidance Report 11 (Reference 19). Therefore, this analysis calculates DE 1-131 in

terms of the thyroid dose conversion factors specified in FGR 11.

The plant-specific RCS iodine concentrations corresponding to 1% fuel defects are converted to 1 pCig

DE 1-131. The total isotopic iodine activity in the RCS is conservatively calculated using the RCS mass. A

1 percent failed fuel primary coolant iodine concentration of 3.58 pCVgm DE 1-131, which is

conservatively greater than the TS limit of 1.0 pCigm DE 1-131, is used to establish iodine scaling factor.

Since 1 percent failed fuel introduces more iodine activity into the primary coolant than is allowed by the

Tech Specs, it can be conservatively assumed that 1 percent failed fuel introduces more non-iodine

activity into the RCS than is allowed by the Tech Spec limit of 1001E-bar. Therefore, the RCS noble gas

concentrations corresponding to 1% fuel defects are conservatively used to determine the total RCS

noble gas activity released in the containment based on the total coolant mass in the RCS. The isotopic

activity is divided by the core thermal power level of 3,632 MWt in to obtain the isotopic CVMWt, which is

used to develop the RADTRAD NIF SPURGE.def.txt. The CR is assumed to be in a normal mode

operation during the release. The resulting doses are summed with the doses from other post-LOCA

sources.

Post-LOCA Back-Leakaqe to the Refueling Water Storage Tank (RWST)

The Salem I & 2 RWSTs are located west of the containment buildings. The shortest distance of 76.74

meter between the centerines of the Unit 2 RWST and the Unit 2 CR air intake is more than double the

distance of 30.25 m between the centerlines of the plant vent and the CR air intake. The X/Qs for the

RWST release would be proportionately lower than those for the containment and ESF leakage releases

via the plant vent. The worst case back-leakage to the RWST is estimated to be 100 cc/hr (5.886E-05

cfm), which is negligibly small. The negligibly small amount of back-leakage is further diluted into a large

RWST air space volume of 35,806 ft3 before it is vented to the atmosphere and carried to the CR air

intake by smaller xIQs. The post-LOCA back-leakage to the RWST will result in insignificantly small dose

consequences; therefore, its dose contribution is not analyzed.

ASSUMPTIONS

Regulatory Guide 1.183, Appendix A, provides guidance on modeling assumptions that are acceptable to

the NRC staff for the evaluation of the radiological consequences of a LOCA. The following sections

address the applicability of these modeling assumptions to this Salem Units 1 and 2 LOCA analyses.

These assumptions are incorporated as design inputs in Section 5.0 of Reference 6 and are incorporated

in these analyses.
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Source Term Assumptions

Acceptable assumptions regarding core inventory and the release of radionuclides from the fuel are

provided in Regulatory Guide 1.183 as follows:

Core Inventory

The assumed inventory of fission products in the reactor core and available for release to the containment

is based on the maximum power level of 3,632 MWt corresponding to current fuel enrichment and fuel

burnup, which is 1.05 times the Salem current licensed thermal power of 3,459 MWt.

Release Fractions and Timing

The core inventory release fractions, by radionuclide groups, for the gap release and early-in-vessel

release for a Design Basis Accident (DBA) LOCA are listed in Table 2 of Reference 3. These fractions

are applied to the equilibrium core inventory using the release timing specified in Table 4 of Reference 3.

Radionuclide Composition

The elements in each radionuclide group to be considered in the LOCA design basis analyses are shown

in Table 5 of Reference 3.

Chemical Form

The containment sump water pH is greater than 7 during and following a LOCA. Consequently, the

chemical forms of radioiodine released to the containment can be assumed to be 95% cesium iodide

(CsI), 4.85 percent elemental iodine, and 0.15 percent organic iodide. With the exception of elemental

and organic iodine and noble gases, fission products are assumed to be in particulate form

Activity Transport in Primary Containment

The radioactivity released from the fuel is assumed to mix instantaneously and homogeneously

throughout the free air volume of the primary containment).

Reduction in airborne radioactivity in the containment by natural deposition within the containment is

credited using the RADTRAD3.02 Powers model for aerosol removal coefficient with a 10-percentile

probability.

Reduction in airborne radioactivity in the containment by the containment spray system is credited. The

Salem plant-specific containment spray coverage analysis indicates that the containment spray covers
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75% of the containment volume. A mixing rate of 2 turnovers of the unsprayed region volumes per hour,

which is equivalent to 21,833 cfm, is conservatively used in the containment leakage analysis.

The SRP 6.5.2 sets forth a maximum decontamination factor (DF) of 200 for elemental iodine based on

the maximum iodine activity in the primary containment atmosphere when the sprays actuate, divided by

the activity of iodine remaining at some time after decontamination. The maximum activity to be used in

determining the DF is defined as the iodine activity in the columns labeled 'Totar' in Table 2 of Reference

3 multiplied by 0.05 for elemental iodine and by 0.95 for particulate iodine. The minimum DF of 546 was

calculated for the fuel upgrade/margin recovery project However, a DF of 100 is conservatively used in

the analysis for the containment leakage analysis.

The SRP 6.5.2 states that the particulate iodine removal rate should be reduced by a factor of 10 when a

DF of 50 is reached. The cutoff times for the elemental and particulate removal coefficients are calculated

based on an assumption that the maximum iodine activity occurs at1.3 hours after onset of a LOCA.

The primary containment is assumed to leak at this allowable T echnical Specification peak pressure leak

rate of 0.1% by weight for the first 24 hours. This leak rate is reduced to O.05% by weight after 24 hours.

The containment pressure-vacuum relief release following the large break LOCA prior to containment

isolation is analyzed using the 100% RCS inventory based on technical specification RCS equilibrium

activity and resulting doses are summed with the postulated doses from the other release paths in

Reference 6.

Assumptions on ESF System Leakage

ESF systems that recirculate sump water outside of the primary containment are assumed to leak during

their intended operation. This release source includes leakage through valve packing glands, pump shaft

seals, flanged connections, and other similar components. This release source may also include leakage

through valves isolating interfacing systems. The radiological consequences from the postulated leakage

are analyzed and combined with consequences postulated for other fission product release paths to

determine the total calculated radiological consequences from the LOCA. The following assumptions are

acceptable for evaluating the consequences of leakage from ESF components outside the primary

containment for a PWR, and are incorporated in the Design Inputs:

Regulatory Guide 1.183 (Appendix A, Section 5.1) states that with the exception of noble gases, all the

fission products released from the fuel to the containment should be assumed to instantaneously and

homogeneously mix in the primary containment sump water at the time of release from the core.

Regulatory Guide 1.183 (Appendix A, Section 5.1) also states that in lieu of this deterministic approach,

suitably conservative mechanistic models for the transport of airborne activity in containment to the sump

water may be used. Note that many of the parameters that make spray and deposition models
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conservative with regard to containment airborne leakage are non-conservative with regard to the buildup

of sump activity.

The ESF leakage is taken as two times the sum of the simultaneous leakage from all components in the

ESF recirculation systems above which the technical specifications, or licensee commitments to item

III.D.1.1 of NUREG-0737, would require declaring such systems inoperable. The ESF leakage of I gpm is

doubled. The leakage should be assumed to start at the earliest time the recirculation flow occurs in these

systems, which is 20 minutes, and end at the latest time the releases from these systems are terminated,

which is 720 hours.

Consideration should also be given to design leakage through valves isolating ESF recirculation systems

from tanks vented to atmosphere, e.g., emergency core cooing system (ECCS) pump miniflow return to

the refueling water storage tank. For Salem Units I and 2, the dose contribution from the RWST leakage

is insignificantly small, therefore, it is not analyzed.

With the exception of iodine, all radioactive materials in the recirculating liquid are assumed to be retained

in the liquid phase.

Since the temperature of the ESF leakage exceeds 2120F, the fraction of total iodine in the liquid that

becomes airborne is assumed equal to the fraction of the leakage that flashes to vapor. This flash

fraction, FF, is determined using a constant enthalpy, h, process, to be no more than 10% based on the

maximum time-dependent temperature of the sump water circulating outside the containment. The FF of

10% is used for the entire duration of the ESF leakage.

The radioiodine that is postulated to be available for release to the environment is assumed to be 97%

elemental and 3% organic. Reduction in release activity by dilution or holdup within buildings, or by ESF

ventilation filtration systems, is not credited. The Auxiliary Building Ventilation System (ABVS) filtration is

not credited. The ESF leakage is not assumed to be released to the environment with mixing with the

Auxiliary Building volume.

Offsite Dose Consequences

Regulatory Guide 1.183 (Ref. 3, Section 4.1) provides guidance to be used in determining the total

effective dose equivalent (TEDE) for persons located at the exclusion area boundary (EAB) and at the

outer boundary of the low population zone (LPZ). The following sections address the applicability of this

guidance to the Salem Units 1 and 2 LOCA and non-LOCA analyses. These assumptions are

incorporated as design inputs in Section 5.0 of applicable analyses. The assumptions for the offsite dose

consequences are common to all DBA analyses, therefore, they are not repeated in the remaining DBA

analyses.

Consistent with RG 1.183, this dose calculation determines the TEDE. The TEDE is the sum of the

committed effective dose equivalent (CEDE) from inhalation and the deep dose equivalent (DDE) from
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external exposure. The calculation of these two components of the TEDE considers all radionuclides,

including progeny from the decay of parent radionuclides that are significant with regard to dose

consequences and the released radioactivity.

Consistent with RG 1.183, the exposure-to-CEDE factors for inhalation of radioactive material are derived

from the data provided in ICRP Publication 30, "Limits for Intakes of Radionuclides by Workers'. This

calculation models the CEDE dose conversion factors (DCFs) in the column headed 'effective' yield

doses in Table 2.1 of Federal Guidance Report 11 (Ref. 19), "Limiting Values of Radionuclide Intake and

Air Concentration and Dose Conversion Factors for Inhalation, Submersion, and Ingestion".

Consistent with RG 1.183, for the first 8 hours, the breathing rate of persons offsite is assumed to be 3.5

x 104 cubic meters per second. From 8 to 24 hours following the accident, the breathing rate is assumed

to be 1.8 x 104 cubic meters per second. After that and until the end of the accident, the rate is assurmed

to be 2.3 x 1 0 cubic meters per second.

Consistent with RG 1.183, the DDE is calculated assuming submergence in semi-infinite cloud

assumptions with appropriate credit for attenuation by body tissue. The DDE is nominally equivalent to

the effective dose equivalent (EDE) from external exposure if the whole body is irradiated uniformly.

Since this is a reasonable assumption for submergence exposure situations, EDE is used in lieu of DDE

in determining the contribution of external dose to the TEDE. This calculation models the EDE dose

conversion factors in the column headed 'effective' in Table 111.1 of Federal Guidance Report 12 (Ref.

20), 'External Exposure to Radionuclides in Air, Water, and Soil'.

Consistent with RG 1.183, the TEDE is determined for the most limiting person at the EAB. The

maximum EAB TEDE for any two-hour period following the start of the radioactivity release is determined

and used in determining compliance with the dose criteria in 10 CFR 50.67. For the LOCA the postulated

EAB doses should not exceed the criteria established in RG 1.183 Table 6. This assumption is

incorporated as a design input.

EAB Dose Acceptance Criterion: 25 rem TEDE

The RADTRAD Code (Ref. 21) used in this analysis determines the maximum two-hour TEDE by

calculating the postulated dose for a series of small time increments and performing a "sliding' sum over

the increments for successive two-hour periods. The time increments appropriately reflect the

progression of the accident to capture the peak dose interval between the start of the event and the end

of radioactivity release.

Consistent with RG 1.183, the TEDE is determined for the most limiting receptor at the outer boundary of

the low population zone (LPZ) and is used in determining compliance with the dose criteria in 10 CFR

50.67. For the LOCA the postulated LPZ doses should not exceed the criteria established in RG 1.183

Table 6. This assumption is incorporated as a design input.
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LPZ Dose Acceptance Criterion: 25 rem TEDE

Consistent with RG 1.183 no correction is made for depletion of the effluent plume by deposition on the

ground.

Control Room Dose Consequences

The following sections for the CR dose consequences are common to all DBA analyses; therefore, they

are not repeated in the remaining DBA analyses.

CR Airborne Doses from Filtered and Unfiltered Inleakage

Since the radioactive material in the areas and structures adjacent to the CR envelope is assumed to be

the same as that in the post-LOCA radioactive plume released from the facility, they collectively represent

the CR airborne doses from the filtered intake and unfiltered inleakage from the various post-LOCA

sources. The CR airborne doses from these various post-LOCA release paths and the resulting doses are

summarized in Reference 6.

Radiation Shine from External Radioactive Plume

The post-LOCA radioactive plume released from the plant vent contains the rad.oaative sources from the

containment leakage, ESF leakage, and the containment pressure-vacuum relief line release. The CR

envelope, which has two feet of concrete bulk shielding, is submerged within the post-LOCA radioactive

plume and the CR operator is exposed to gamma radiation through the walls and roof. The

RADTRAD3.02 code calculates the site boundary whole-body gamma dose based on semi-infinite cloud

immersion. Therefore, the X/Qs for the LPZ receptor modeled in RADTRAD files SI50CS75CLOI.psf and

S75ESF1GPM are modified by replacing them with the newly developed X/Os for the CR center location.

The semi-infinite gamma dose is calculated at the center of CR at the roof elevation. The ARCON96 code

is used to calculate the new set of XIQs for the CR center location.

The containment pressure-vacuum relief dose contribution is extremely small; therefore, it is excluded

from this analysis. The total whole body gamma dose is calculated to be 4.33 rem. This is a semi-infinite

dose above the center of the CR on the roof. This gamma dose is attenuated by the 2-foot thick concrete

roof above the CR and 10 feet of air. The energy dependent gamma dose attenuation factors are

calculated. The gamma attenuation factors are substantially low for the low energy bins. The average

gamma dose attenuation factor of 0.0136 is conservatively used, which is the average for the five mean

energies in the gamma energy range of 0.85 Mev through 2.75 Mev. The resulting gamma dose from the

external cloud shine dose to a CR operator would be 0.059 rem, which is added to the dose contributions

from other post-LOCA sources.

20



Document Control LR-N04-0021
Attachment 1 LCR S03-05

Radiation Shine From Radioactive Material In The Reactor Containment

It is only the post-LOCA containment leakage activity confined in the containment dome air space above

the operating floor that can conceivably contribute to the direct shine dose to the CR operator (lower

locations within the containment building are heavily self-shielded by the reactor cavity and steam

generator enclosure structures). The containment cylindrical concrete wall is 4'-6" thick below the spring

line, and 3'-6 thick above the spring line. The CR outside concrete wall is 2'-0 thick. The concrete

shielding of at least 5'-6" between the post-LOCA radioactive source in the containment dome and the CR

operating floor provides ample shielding to totally shield the post-LOCA containment shine dose to the

CR operator.

Radiation Shine from CR Filter

The CREACS charcoal filter trains are located west of the main CR. The width (2'-6") and height (4'-3") of

the charcoal bed are measured. The post-LOCA aerosol buildup on the HEPA filter and the iodine buildup

on the charcoal filter are calculated as follows:

Post-LOCA Iodine & Aerosol Activity on CR CharcoaVHEPA Filter- Containment Leakage

The RADTRAD3.02 code calculates the cumulative elemental and organic iodine atoms and the aerosol

mass deposited on the CR recirculation charcoaVHEPA filters. The CR intake filter iodine and aerosol

activities are calculated for the containment leakage. The relationship between the aerosol mass and

activity is established based on the information obtained from RADTRAD run S150CS75CLOI.oO. The

aerosol mass deposited on the CR HEPA recirculation filter is calculated by the RADTRAD code for the

duration of the accident. Knowing the CR Intake and recirculation filtration flow rates, the relationship can

be established to calculate the aerosol mass deposited on the HEPA filter. The total aerosol mass

deposited on the CR HEPA filter due to the containment leakage is used with the aerosol mass/activity

relationship established to calculate the aerosol isotopic activities deposited on the CR HEPA filter. The

iodine atoms are converted into the isotopic iodine activities using the atom/activity relation established.

Post-LOCA Iodine & Aerosol Activity on CR CharcoaVHEPA Filter- ESF Leakage

Similarly, the iodine and aerosol deposited on the CR charcoal/HEPA filter are calculated for the post-

LOCA ESF leakage. The post-LOCA ESF leakage consists of a non-aerosol iodine release (97% of

elemental iodine + 3% of organic iodine), therefore, there is no aerosol mass deposited on the CR HEPA

filter (S75ESFlGPM.oO, CR Compartment Nuclide Inventory @ 720 hrs). The iodine atoms are converted

into the isotopic iodine activities using the atom/activity relationship. The iodine isotopic activities

deposited on the CR charcoal/HEPA filter due to the containment and ESF leakages are shown in

Reference 6.
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MicroShield Analysis of CR CharcoalHEPA Filter Shine

The total charcoal/HEPA filter aerosol and iodine isotopic activities are input into the MicroShield

Computer RunSCREAS.MS5 with the source geometry, dimension, and detector location to compute the

direct dose rate from the CR filter. Due to the limitations of the MicroShield code, which calculates the

dose rate at the dose point location within the projected area, the dose point location at the center of the

charcoal filter projected area is conservatively modeled because the actual dose point involves the larger

direct distance in the air and slant distance in the concrete shielding. The 720-hrs direct dose from the CR

filter shine is calculated using the CR occupancy factors and added to doses from other post-LOCA

sources.

As stated in the 180-day response to Generic Letter 2003-01, PSEG is submitting this request for

amendment to revise the dose analysis for Salem Units I and 2 to bring the as-built plant in alignment

with the dose analysis in regards to Control Room Envelope (CRE) unfiltered inleakage. For Salem Units

I and 2, tracer gas testing was performed from May 31 to June 4, 2003, to measure the inleakage to the

Salem CRE. The Salem Control Room Emergency Air Conditioning System (CREACS) can be aligned to

respond to a design basis radiological accidents with either a single train (either Unit I or Unit 2 train)

operating by itself or with both trains operating to pressurize the control room. The recirculation mode

operation of CREACS is for toxic chemical events and smoke events and is not used during a DBA

radiological event. Five tests were performed. Three tests were performed in single train alignment of

CREACS in its pressurization mode (two with the Unit I train operating by itself and one with the Unit 2

train operating by itself), one test was performed with both CREACS trains operating in its pressurization

mode, and one test was performed in the recirculation mode. The results of the tracer gas testing

identified that two of the four test results for pressurization were below 60 cfm unfiltered inleakage (both

tests were Unit 1 single train configuration) and two tests (Unit 2 single train and both trains configuration)

measured unfiltered inleakage in the range of 90 to 100 cfrn. Thus, a conservative value of 150cfm is

used for this analysis.

Regulatory Guide 1.183 provides guidance to be used in determining the total effective dose equivalent

(TEDE) for persons located in the control room (CR). The following sections address the applicability of

this guidance to the Salem Units 1 and 2 LOCA analyses. These assumptions are incorporated as

design inputs in Section 5.0 of Reference 6. The requirements in the following sections for the CR dose

consequences are common to all DBA analyses; therefore, they are repeated in the remaining DBA

analyses.

Consistent with RG 1.183, the CR TEDE analysis considers the following sources of radiation that will

cause exposure to control room personnel:

22



Document Control LR-N04-0021
Attachment I .; LCR S03-05

* Contamination of the control room atmosphere by the filtered CR ventilation inflow through the

CR air intake and by unfiltered inleakage of the radioactive material contained in the post-

accident radioactive plume released from the facility,

* Contamination of the control room atmosphere by filtered CR ventilation inflow via the CR air

intake and by unfiltered inleakage of airborne radioactive material from areas and structures

adjacent to the control room envelops,

* Radiation shine from the extema: radioactive plume released from the facility (i.e., external

airborne cloud shine dose),

* Radiation shine from radioactive material in the reactor containment (i.e., containment shine

dose), and

* Radiation shine from radioactive material in systems and components inside or external to the

control room envelope (e.g., radioactive material builcup in CR intake and recirculation filters [i.e.,

CR filter shine dose].

Consistent with RG 1.183, the radioactive maZeria' releases and radiation levels used in the control room

dose analysis are determined using the same sourcn tc-,m, transport, and release assumptions used for

determining the EAB and the LPZ TEDE values. These parameters do not result in non-conservative

results for the control room.

Consistent with RG 1.183, the models used to transo--ri radioactive material into and through the control

room, and the shielding models used to determine radiation dose rates from external sources, are

structured to provide suitably conservative estimates of the exposure to contrc! room personnel.

Consistent with RG 1.183, credit for engineered safety features (ESF) that mitigat- airborne radioactive

material within the control room is assumed. Such features include control room pressurization, and

intake and recirculation filtration. CR isolation is actuated by ESF signals and radiation monitors (RMs).

Several aspects of CREACS operation can delay the CR isolation. A conservative delay of 1 minute is

assumed for the CR isolation to be fully operational.

Consistent with RG 1.183, credit is not taken for the use of personal protective equipment (e.g., protective

beta radiation resistant clothing, eye protection, or self-contained breathing apparatus [SCBA]) or

prophylactic drugs (i.e., potassium iodide [KI] pills).

Consistent with RG 1.183, the CR dose receptor for these analyses is the hypothetical maximum exposed

individual who is present in the control room for 100% of the time during the first 24 hours after the event,

60% of the time between 1 and 4 days, and 40% of the time from 4 days to 30 days. For the duration of

the event, the breathing rate of this individual should be assumed to be 3.5 x 10 4 cubic meters per

second. These assumptions are incorporated as design inputs.
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Consistent with RG 1.183, the control room doses are calculated using the offsite dose analysis dose

conversion factors identified in RG 1.183, Section 4.1. The DDE from photons is corrected for the

difference between finite cloud geometry in the control room and the semi-infinite cloud assumption used

in calculating the dose conversion factors. The RADTRAD Code used in this analysis uses the following

expression to correct the semi-infinite cloud dose, DDE., to a finite cloud dose, DDErune, where the

control room is modeled as a hemisphere that has a volume, V, in cubic feet, equivalent to that of the

control room:

DDEfinne = (DDE_ x V0 33) /1173

Consistent with RG 1.183, for the LOCA the postulated CR doses should not exceed the 5-rem TEDE

criterion established in 10 CFR 50.67. This assumption is incorporated as a design input.

CR Dose Acceptance Criterion: 5 rem TEDE

DESIGN INPUTS:

General Considerations

Applicability of Prior Licensing Basis

The implementation of an AST is a significant change to the design basis of the facility and assumptions

and design inputs used in the analyses. The characteristics of the AST and the revised TEDE dose

calculation methodology may be incompatible with many of the analysis assumptions and methods

currently used in the facility's design basis analyses. The Salem specific design inputs and assumptions

used in the current analyses were assessed for their validity to represent the as-built condition of the plant

and evaluated for their compatibility to meet the AST and TEDE methodology. The analysis in this

calculation ensures that analysis assumptions, design inputs, and methods are compatible with the

requirements of the AST and the TEDE criteria.

Credit for Engineered Safety Features

Credit is taken only for those accident mitigation features that are classified as safety-related, are

required to be operable by technical specifications, are powered by emergency power sources, and are

either automatically actuated or, in limited cases, have actuation requirements explicitly addressed in

emergency operating procedures. The flowrate assumed from the sprayed-to-unsprayed regions is less

than the flow due to operation of 2 out of 5 containment fan cooler units. A delay of 1 minute in the CR

pressurization, and operation of one train of CREACS are conservatively assumed to maximize the

resulting doses. The CR intake radiation monitor capability to align with the less contaminated air intake is

credited in the analysis.
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Assignment of Numeric Input Values

The numeric values that are chosen as inputs to analyses required by 10 CFR 50.67 are compatible to

AST and TEDE dose criteria and selected with the objective of maximizing the postulated dose. Use of

10% higher flow rate for the CREACS intake and 10% lower recirculation flow rate, 1 minute delay in the

CREACS initiation time, operation of one train of CREACS, and use of ground release XIQs demonstrate

the inherent conservatisms in the plant design and post-accident response. Most of the design input

parameter values used in the analysis are those specified in the Te.hnical Specifications.

Meteorology Considerations

Atmospheric dispersion factors (X/Qs) for the onsite release points such as the plant vent for containment

and ESF leakage release paths are re-established using the NRC sponsored computer code ARCON96.

The control room x/Qs are reconstituted using the SGS plant specific meteorology and appropriate

regulatory guidance. The site boundary x/Qs were accepted by the staff in the previous licensing

proceedings.

The requirements in the above design input sections are common for all DBA analyses; therefore they are

not repeated in the remaining DBA analyses.

Accident-Specific Design Inputs/Assumptions

The design as-built inputs/assumptions utilized -in the EAB, LPZ, and CR habitability analyses are

contained in Section 5.0 of Reference 6. The design inputs are compatible with the requirements of the

AST and TEDE dose criteria and the assumptions are consistent with those identified in Appendix A of

RG 1.183.
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RESULTS SUMMARY

a) Post-LOCA EAB, LPZ, and CR doses at the Salem Nuclear Generating Station without the

interruption of containment spray are summarized as follows:

Post-LOCA Post-LOCA TEDE Dose (rem)

Activity Release Receptor Location
Path Control Room EAB LPZ

Containment Leakage .6.87E-01 2.27E+00 4.32E-01

(occurs @ 0.5 hr)

ESF Leakage 2.79E+00 9.87E-01 7.45E-01

(occurs @ 0.4 hr)

Containment Relief Line 3.99E-04 3.34E-05 5.67E-06

Release (occurs @ 0.0 hr)

Back-leakage to RWST Negligible Negligible Negligible

Containment Shine Negiigible Negligible Negligible

External Cloud 5.80E-02 N/A N/A

CR Filter Shine 2.64E-01 N/A N/A

Total 3.80E+00 3.26E+03 1.18E+00

Allowable TEDE Umit 5.OOE+03 L.50E+C1 2.60E+01

RADTRAD Computer Run No.
Containment Leakage S150CS75CLOO S150CS75CLOO S150CS75CLOO

ESF Leakage S75ESFlGPM S75ESF1GPM | S75ESF1GPM

Cont. Relief Line Release SPURGEOO SPURGEOO SPURGEOO
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b) Post-LOCA EAB, LPZ, and CR doses at the Salem Nuclear Generating Station with the 10

minutes interruption of containment spray are summarized as follows:

Post-LOCA Post-LOCA TEDE Dose (rem)

Activity Release Receptor Location

Path Control Room EAB LPZ

Containment Leakage 7.17E-01 2.48E+00 4.67E-01

(occurs @ 0.5 hr)

ESF Leakage 2.79E+00 9.87E-01 7.45E-01

(occurs @ 0.4 hr)

Containment Relief Line 3.99E-04 3.34E-05 5.67E-06

Release (occurs @ 0.0 hr)

Back-leakage to RWST Negligible Negligible Negligible

Containment Shine Negligible Negligible Negligible

External Cloud 5.90E-02 N/A N/A

CR Filter Shine 2.64E-01 N/A N/A

Total 3.83E+00 3.47E+00 1.21 E+00

Allowable TEDE Limit 5.OOE+.0 2.50E+01 2.50E+01

RADTRAD Computer Run No.

Containment Leakage S150CS75CL01 S150CS75CL01 S150CS75CL01

ESF Leakage S75ESFlGPM S75ESF1GPM S75ESF1GPM

Cont. Relief Line Release SPURGEOO SPURGEO0 SPURGEO0

CONCLUSIONS

The post-LOCA results indicate that the EAB, LPZ, and CR doses due to a LOCA are within their

allowable limits.

4.2 STEAM GENERATOR TUBE RUPTURE RADIOLOGICAL ANALYSIS

PURPOSE:

The purpose of this evaluation is to determine the Exclusion Area Boundary (EAB), Low Population Zone

(LPZ), and Control Room (CR) doses due to a Steam Generator Tube Rupture (SGTR) using the

Alternative Source Term (AST) methodology and total effective dose equivalent (TEDE) dose criteria. The

dose consequences are representative of an accident occurring in either unit. The SGTR analysis is

performed using the guidance in Regulatory Guide 1.183 and its Appendix F.
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ANALYTICAL APPROACH:

This analysis uses Version 3.02 of the RADTRAD computer code to calculate the potential radiological

consequences of the SGTR accident. The RADTRAD code is documented in NUREG/CR-6604.

The calculation assumes that the CR air intake monitors preferentially select the less contaminated air

intake when only one CREACS train is available. There are two CREACS trains that each provides

emergency filtration and air conditioning services to the combined CR for the Salem 1 & 2 plants. Each

CREACS train is safety related and required to be operable by Technical Specifications. Each CREACS

train takes outside air supplied through two Independent ducts equipped with safety related fans and

radiation monitors, which make the CREACS air supply system single failure proof. The redundant air

intake monitors preferentially select the less contaminated air intake during an accident condition when

the radiation level at normal intake exceeds the setpoint value. Based on the Salem plant-specific

CREACS design and performance, the post-accident CREACS response is credited in the analysis with

the CR air intake monitor's ability to preferentially select the less contaminated air intake. This CR

response is identical for all non-LOCA DBA analysas; therefore, it is not repeated in the remaining non-

LOCA DBA analyses.

This calculation addresses the reactor coolant activity concentrations corresponding to (1) a preaccident

iodine spike and (2) a concurrent iodine spike. There is no potential fuel failure during this event.

Preaccident Iodine Spike Release

In the preaccident iodine spike release scenario, a reactor transient has occurred prior to the postulated

SGTR accident and has raised the primary coolant (PC) iodine concentration to the maximum value

permitted by technical specifications. The PC iodine concentration of 60 pCig Dose Equivalent (DE) of I-

131 is obtained from Figure 3.4-1 of Technical Specifications. The iodine dose conversion factors are

developed to establish the iodine scaling factor based on the iodine concentration of 1 pC/g DE 1-131,

which is used to convert the iodine concentration of 1% fuel defects to I pCi/g DE 1-131. The total isotopic

iodine activity in the RCS is conservatively calculated using the PC mass determined at cooled' liquid

conditions. Since the Salem I & 2 PC normal noble gas isotopic concentrations are not readily available,

the 100/E-Bar noble gas concentrations are not calculated. The PC noble gas concentrations

corresponding to 1% fuel defects are conservatively used to determine the total RCS noble gas activity,

which are used to develop the RADTRAD nuclide inventory file (NIF) SGTRPREdef.txt for the

preaccident iodine spike case. The post-SGTR activity transport and CR response models are used to

determine the post-SGTR radiological consequences using the Salem plant-specific as-built design inputs

and assumptions. The CR response model utilizes the Salem CR air intake monitor to preferentially select

the less contaminated air intake after 1 minute. A delay time of 1 minute for CR pressurization mode to be

fully operational is conservatively assumed in this analysis. The EAB, LPZ, and CR doses are
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summarized in the Results Summary for the preaccident iodine spike case. The following paragraphs

describe the activity transport paths from the one faulted and three intact steam generators (SGs). These

activity transport paths are applicable to both the preaccident and concurrent iodine spike cases.

Faulted SG Release

The PC is postulated to be released into thelfaulted SG having a aingle SG tube ruptured. The resultant

equilibrium break flow is assumed to continue for 30 minutes after the initiation of the event, at which time

it is assumed that the operator isolates the faulted S/G and depressurizes the RCS pressure ending the

transfer of reactor coolant to the secondary side c' ths faulted S/G and the release to the atmosphere.

An assessment was done that determined that with a more sophisticated LOFTTR2 analysis the break

flow termination could be extended to 55 minutes without exceeding the integrated break flow assumed in

the original analysis. To maximize the offsite doses it is assumed that offsite power is lost so that the main

steam condensers are not available. Iodine activity is released from the faulted SG to the environment in

proportion to the steaming rate. The iodine activity from the P-T-S leakage is assumed to be directly

released in the SG volume and partitioning of iodine is not credited. PC noble gas activity entering the

faulted SG is assumed to be released to the environment without holdup or decontamination in the

secondary system. For the secondary liquid iodine release from the faulted SG, an iodine partition

coefficient of 10 is conservatively assumed in lieu of the value of 100 recommended in Regulatory Guide

1.183 to maximize the resulting dose and the SG steaming rates are reduced accordingly for the

secondary liquid iodine release.

Intact SGs Release

Due to the SGTR transient the reactor shuts down and the RCS loses a substantial amount of coolant

inventory with the potential of over flooding the faulted SG. In order to remove decay heat the plant

begins to release the secondary coolant via the intact SGs' atmospheric relief valves. The steam release

from the three intact SGs continues for 32 hours until the Residual Heat Removal (RHR) system is

aligned to dissipate heat. During the 32 hours before the RHR system is initialized, the PC is assumed to

leak into the three intact SGs at the maximum technical specification leak rate of 1 gpm. The PC noble

gases are released directly to the environment from the RCS without holdup while the iodine activity is

directly released from the intact SGs in proportion to the steaming rate. For the secondary liquid iodine

release from the three intact SGs, an iodine partition coefficient of 10 is conservatively assumed in lieu of

the value of 100 recommended in Regulatory Guide 1.183 to maximize the resulting dose.

Concurrent Iodine Spike:

In the concurrent iodine spike release scenario, the primary system transient associated with the SGTR

causes an iodine spike in the primary system. The increase in primary coolant iodine concentration is

estimated using a spiking model that assumes that the iodine release rate from the fuel rods to the
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primary coolant (expressed in curies per unit time) increases to a value 335 times greater than the

release rate corresponding to the iodine concentration at the equilibrium value (typically 1.0 pCigm DE I-

131) specified in technical specifications (i.e., concurrent iodine spike case). The isotopic iodine

appearance rates are calculated in Section 6.2 and Table 7 of Reference 10 using the specific activity

production and removal rates based on the most conservative letdown system parameters. The total

isotopic iodine activity is calculated using the spike duration of 8 hours. The total isotopic iodine and noble

gas activities are used to develop the RADTRAD NIF SGTRCONdef.txt for the concurrent iodine spike

case. The post-SGTR activity transport and CR response models are used to determine the post-SGTR

radiological consequences using the Salem plant-specific as-built design inputs and assumptions. The

CR response model utilizes the Salem CR air intake monitor to preferentially select the less contaminated

air intake after 1 minute. The activity in the fuel is postulated such that the 99% of all fuel activity is

released into the RCS within 8 hours at a calculated rate of 9.60 cfm. The activity transport from the RCS

to the environment and the CR response are the same as that for the preaccident iodine spike case.

Intact Steam Generator Iodine Activity Release:

The iodine activity in the SGs is calculated based on a secondary side liquid activity concentration of 0.1

ttCig DE 1-131 using a larger SG volume. The iodine partition coefficient of 10 is conservatively used in

lieu of the value of 100 recommended in Regulatory Guide 1.183 to maximize the resulting dose. The

iodine activity is assumed to be released to the environment at the SG steaming rates.

ASSUMPTIONS

Regulatory Guide 1.183, Appendix F, provides guidance on modeling assumptions that are acceptable to

the NRC staff for the evaluation of the radiological consequences of a SGTR accident. The following

sections address the applicability of these modeling assumptions to a Salem Units 1 and 2 SGTR

accident analyses. These assumptions are incorporated as design inputs in Section 5.0 of Reference 10.

The radioactive material released and radiation levels used in the control room dose analysis are

determined using the same source term, transport, and release assumptions used for determining the

exclusion area boundary (EAB) and the low population zone (LPZ) TEDE values.

Source Terms

There is no fuel damage postulated for the SGTR accident. Per RG 1.183 since no or minimal fuel damage is

postulated for the limiting event, the released activity is the maximum coolant activity allowed by the technical

specifications. Two cases of iodine spiking, a preaccident case and a concurrent case, are assumed.
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Preaccident Iodine Spike Source Term

Consistent with RG 1.183 the first iodine spiking case assumes that a reactor transient has occurred prior

to the postulated SGTR and has raised the primary coolant iodine concentration to the maximum value

permitted by the technical specifications.

Per Technical Specification (TS) LCO for Specific Activity, the maximum primary coolant iodine

concentration permitted by the technical specifications at full power is shown in TS Figure 3.4-1 to be 60

pCi/gm Dose Equivalent (DE) 1-131. Technical Specification 1.10 defines DE 1-131 as that concentration

of 1-131 (in jiCig) which alone would produce the same thyroid dose as the quantity and isotopic mixture

of 1-131,1-132,1-133,1-134, and 1-135 actually present using the thyroid dose conversion factors specified

in Table IlIl of TID-14844; th's analysis calculates DE-131 in terms of the thyroid dose conversion factors

specified in Federal Guidance Report 11 (Ref. 19).

Concurrent Iodine Spike Source Term

Consistent with RG 1.183 the second iodine spiking case assumes that the primary system transient

associated with the SGTR causes an iodine spike in the primary system. The increase in primary coolant

iodine concentration is estimated using a spiking model that assumes that the iodine release rate from the

fuel rods to the primary coolant (expressed in curies per unit time) increases to a value 335 times greater

than the release rate corresponding to the iodine concentration at the equilibrium value specified in

Technical Specifications (i.e., concurrent iodine spike case). The assumed iodine spike duration is 8

hours.

Per Technical Specification LCO for Specific Activity, the equilibrium primary coolant iodine concentration

permitted by the technical specifications is 1.0 pCVgm DE 1-131.

Noble Gas Source Term

In both preaccident and concurrent iodine spike cases the primary coolant noble gas (Xenon and

Krypton) concentrations are assumed to correspond to the maximum coolant activity allowed by the

Technical Specifications.

Per Technical Specification LCO Specific Activity the equilibrium primary coolant non-iodine concentration

permitted by the technical specifications is 100/E-BAR. The parameter E-BAR is defined as the average,

weighted in proportion to the concentration of each radionuclide in the reactor coolant at the time of

sampling, of the sum of the average beta and gamma energies per disintegration, in MeV, for isotopes,

with half lives greater than 15 minutes, making up at least 95% of the total non-iodine activity in the

coolant.
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Since 1 percent failed fuel introduces more Iodine activity into the primary coolant than is allowed by the

Tech Specs, it can be conservatively assumed that 1 percent failed fuel introduces more non-iodine

activity into the RCS than is allowed by the Tech Spec limit of 100/E-bar. Therefore, the PC noble gas

concentrations corresponding to 1% fuel defects are conservatively used to determine the total RCS

noble gas activity.

Activity Release from the Fuel into the Primary Coolant

Consistent with RG 1.183 the activity released from the fuel (for both the preaccident and concurrent

iodine spike cases) is assumed to be released instantaneously and homogeneously through the primary

coolant

Iodine Chemical Form

Consistent with RG 1.183 the chemical form of iodine releases from the steam generators to the

environment are assumed to be 97% elemental and 3% organic. These fractions apply to iodine released

during normal operations, including iodine spiking.

Transpor

Primary-to-Secondary (P-T-S) Leak Rates

Consistent with RG 1.183 (Ref. 3, Appendix F, Section 5.1) the primary-to-secondary leak rate is

apportioned between affected and unaffected steam generators in such a manner that the calculated

dose is maximized. Technical Specification LCO for RCS Operational Leakage specifies a maximum limit

of one gpm total primary-to-secondary leakage through all steam generators and 500 gallons per day

through any one steam generator. The total P-T-S leak rate of 1 gpm into the three intact SGs is

postulated to maximize the dose because the P-T-S leakage continues for a longer duration (32 hours) in

the intact SGs in comparison to the faulted SG (30 minutes).

Primary-to-Secondary Leak Primary Coolant Density

Consistent with RG 1.183 the primary coolant density, used in converting the volumetric primary-to-

secondary leak rates (e.g., gpm) to mass leak rates (e.g., Ibmlhr), is assumed to be 1.0 gm/cc (62.4

lbm/ft3). Conversely, the temperature dependent specific volumes are used for converting the mass flow

rates into volumetric flow rates to maximize the releases and consequently the doses.
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Primary-to-Secondary Leak Duration

Consistent with RG 1.183 the primary-to-secondary leakage is assumed to continue until the primary

system pressure is less than the secondary system pressure, or until the temperature of the leakage is

less than 2120F. In this analysis primary coolant is conservatively assumed to leak into the intact SGs for

32 hours until the RHR system is put in operation.

Release of Fission Products

Consistent with RG 1.183 the release of fission products from the secondary system should be evaluated

with the assumption of coincident loss of offsite power (LOOP). The offsite power is assumed to be lost so

that the main steam condensers are not available for removal of the dacav heat

Noble Gas Releases to the Environment

All noble gases radionuclides released from the primary system are assumed to be released to

environment without reduction or mitigation.

Iodine & Particulate Transport Model

Consistent with RG 1.183 the transport model described in Regulatory Positions 5.5 and 5.6 of Appendix

E should be utilized for iodine and particulates. The post-SGTR thermal hydraulic condition in the faulted

SG is such that a large amount of PC released through the ruptured tube excessively increases the

coolant mass inventory, which eliminates the possibility of SG dryout condition and subsequently flashing

of PC in the faulted SG. The coolant mass in the intact SGs provides adequate tube submergence to

eliminate the flashing of PC in the primary-to-secondary leakage. Therefore, the transport model

described in Regulatory Positions 5.5 & 5.6 of Appendix E is not applicable to the post-SGTR thermal-

hydraulic conditions exist in the faulted and intact SGs. Because no fuel failure is assumed and the

concentration of particulates in the PC is negligibly small compared to PC iodine and noble gas, therefore

particulates are not considered in the analysis.

Control Room Dose Consequences

Regulatory Guide 1.183 provides guidance to be used in determining the total effective dose equivalent

(TEDE) for persons located in the control room (CR). The following sections address the applicability of

this guidance to the Salem Units 1 and 2 SGTR accident analyses. These assumptions are incorporated

as design inputs.
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Control Room Operator Dose Contributors

Consistent with RG 1.183, the CR TEDE analysis considers the following sources of radiation that will

cause exposure to control room personnel:

* Contamination of the control room atmosphere by the filtered CR ventilation inflow through the

CR air intake and by unfiltered inleakage of the radioactive material contained in the post-

accident radioactive plume released from the facility,

* Contamination of the control room atmosphere by filtered CR ventilation inflow via the CR air

intake and by unfiltered inleakage of airborne radioactive material from areas and structures

adjacent to the control room envelope,

* *Radiation shine from the external radioactive plume released from the facility (i.e., external

airborne cloud shine dose),

* Radiation shine from radioactive material in the reactor containment (i.e., containment shine

dose). This form of radiation shine is not applicable to a SGTR accident in which the activity is

not released into the containment air space, and

* *Radiation shine from radioactive material in systems and components inside or external to the

control room envelope (e.g., radioactive material buildup in CR intake and recirculation filters [i.e.,

CR filter shine dose]).

Note: The external airborne cloud shine dose and the CR filter shine dose due to a SGTR

accident are insignificant compared to those due to a LOCA). Therefore, these direct dose

contributions are considered to be insignificant and are not evaluated for a SGTR accident.

DESIGN INPUTS

The as-built design inputslassumptions utilized in the EAB, LPZ, and CR habitability analyses are listed in

the Section 5.0 of Reference 10. The design inputs are compatible with the AST and TEDE dose criteria,

and the assumptions are consistent with those identified in Appendix F of RG 1.183.
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RESULTS SUMMARY

a) The resulis of the SGTR accident with the preaccident iodine spike are summarized in the

following table with the CR monitors preferentially selecting the less contaminated CR air intake:

SGTR Accident - Preaccident Iodine Case

TEDE Dose (rem)

Receptor Location

Control Room EAB LPZ

P-T-S Iodine Release 5.05E-01 2.17E+00 3.25E-01

SGTRPID00 (occums at t = 0)

SC Liquid Iodine Release 3.83E-03 '.97E-0S 1.33E-03

SGTRSLIDOO (occurs at t = 0)

Noble Gas Release 9.28E-03 3.37E-02 4.88E-03

SGTRPNGOO (occurs at t = 0)
Total 6.18E-01 2.21 E+00 3.31 E-01

Allowable TEDE Limit 5.ODE+CO 2.50.E+01 2.50E+01

b) The results of the SGTR accident with the concurrent iodine spike are summarized in the

following table with the CR monitors preferentially selecting the less contaminated CR air intake:

SGTR Accident - Concurrent Iodine Case

TEDE Dose (rem)

Receptor Location

Control Room EAB LPZ

Iodine Release 5.72E-01 1.53E+00 3.23E-01

SGTRCID01 (occurs at t = 0)

SC Liquid Iodine Release 3.83E-03 4.97E-03 1.33E-03

SGTRSLIDOO (occurs at t = 0)

Noble Gas Release 9.28E-03 3.37E-02 4.88E-03

SGTRPNGOO (occurs at t = 0)
Total 5.85E-01 1.57E+00 3.29E-01

Allowable TEDE Limit 5.0oE+00 2.50E+00 2.50E+00

CONCLUSIONS

The SGTR accident results presented indicate that the EAB, LPZ, and CR doses due to a SGTR

accident are within their allowable limits.
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4.3 MAIN STEAM LINE BREAK RADIOLOGICAL ANALYSIS.

PURPOSE:

The purpose of this calculation is to determine the Exclusion Area Boundary (EAB), Low Population Zone
(LPZ), and Control Room (CR) doses due to a Main Steam Line Break (MSLB) accident using the

Alternative Source Term (AST) methodology and total effective dose equivalent (TEDE) dose criteria. The
dose consequences are representative of an accident occurring in either urnit.

The MSLB accident is analyzed using plant specific design and licensing bases inputs, which are
compatible to the TEDE dose criteria. The MSLB analysis is performed using the guidance in Regulatory

Guide 1.183 and its Appendix E.

ANALYTICAL APPROACH:

This calculation addresses the reactor coolant activity concentrations corresponding to (1) a preaccident
iodine spike and (2) a concurrent iodine spike. There is no potential fuel failure during this event.

Preaccident Iodine Spike Release

In the preaccident iodine spike release scenario, a reactor transient has occurred prior to the postulated

MSLB accident and has raised the primary coolant (PC) iodine concentration to the maximum value

permitted by technical specifications. The PC iodine concentration of 60 pCVg Dose Equivalent (DE) of I-

131 is obtained from Figure 3.4-1 of the Technical Specifications. The iodine dose conversion factors are

developed and used to establish the iodine scaling factor based on the iodine concentration of 1 pCig DE

1-131, which is used to convert the iodine concentration of 1% fuel defects to I pCig DE 1-131 in Table 3.

The total isotopic iodine activity in the RCS is conservatively calculated using the PC mass determined at
.cooled" liquid conditions. Since the Salem Units I & 2 PC normal noble gas isotopic concentrations are

not readily available, the 100/E-Bar noble gas concentrations are not calculated. The PC noble gas
concentrations corresponding to 1% fuel defects are conservatively used in Table 5 to determine the total
RCS noble gas activity. The total isotopic activities released to the RCS are used to develop the
RADTRAD nuclide inventory file (NIF) SMSLBPREdef.txt for the preaccident iodine spike case.

The post-MSLB preaccident iodine spike activity transport and CR response models are shown in Figures
1, 3 & 4 of Reference 11, which are used to determine the post-MSLB radiological consequences using
the Salem Units 1 & 2 plant-specific as-built design inputs and assumptions listed in Sections 4 & 5 of
Reference 11. The CR response model utilizes the Salem Units 1 & 2 CR air intake monitor to
preferentially select the less contaminated air intake after 1 minute (Ref. 9.10). A delay time of 1 minute
for the CR pressurization mode to be fully operational is conservatively assumed. The EAB, LPZ, and CR

doses are summarized in Results Summary Section for the preaccident iodine spike case.
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The following paragraphs describe the activity transport paths from the one faulted and three intact steam

generators (SGs). These activity transport paths are applicable to both the preaccident and concurrent

iodine spike cases.

Faulted SG Releases

Following a MSLB the faulted SG is assumed to steam dry. PC is assumed to leak into the faulted SG at

the technical specification maximum leak rate of 0.35 gpm through any one SG [0.35 gpm/day = (500

galday) / (1440 min/day)]. To maximize the offsite doses it is assumed that offsite power is lost so that

the main steam condensers are not available. PC noble gas activity entering the faulted SG via Primary-

to-Secondary (P-T-S) leakage is assumed to be released directly to the environment for 0-32 hrs through

the pressure sensitive penetration area pressure relief panels (PAPRPs) using the applicable X/Q values

without reduction or mitigation. Since the faulted SG is assumed to be dried-out, the PC iodine activity

entering the faulted SG via P-T-S leakage is also assumed to be released directly to the environment for

0-32 hrs through the PAPRPs. P-T-S activity dilution in the faulted SG is not credited. The release from

the main steam line break outside containment is postulated as a ground level release to the

environment.

Intact SGs Releases

To maximize the calculated doses it is assumed that offsite power Is lost so that the main steam

condensers are not available. Consequently, following the MSLB transient the plant must cool down by

releasing secondary coolant via the intact SGs atmospheric relief valves. The steam release from the

three intact SGs continues for 32 hours until the Residual Heat Removal (RHR) system is aligned to

dissipate heat. During the 32 hours before the RHR system is initialized, the PC is assumed to leak into

the three intact SGs at 0.65 gpm (i.e., the maximum technical specification total leakrate (1 gpm) minus

the 0.35 gpm leakrate into the faulted SG). The PC noble gas activity entering the intact SGs via P-T-S

leakage is assumed to be released directly to the environment without reduction or mitigation. The PC

iodine activity entering the intact SGs via P-T-S leakage is assumed to be diluted within the smaller Unit 1

intact SGs liquid mass. An iodine partition coefficient of 1.0 (i.e., no P-T-S leakage iodine retention in the

intact SGs) is conservatively assumed in lieu of the value of 100 recommended in Regulatory Guide

1.183 to maximize the resulting dose. The P-T-S leakage iodine activity is assumed to be released to the

environment at the SG steaming rates. The MSSV Set 1 being closer to the CR air intake, the XIQ values

corresponds to the MSSV Set 1 release are conservatively used for the intact SG releases.

Concurrent Iodine Spike:

In the concurrent iodine spike release scenario, the primary system transient associated with the MSLB

causes an iodine spike in the primary system. The increase in primary coolant iodine concentration is

estimated using a spiking model that assumes that the iodine release rate from the fuel rods to the

primary coolant (expressed in curies per unit time) increases to a value 500 times greater than the
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release rate corresponding to the iodine concentration at the equilibrium value (typically 1.0 pCi/gm DE I-
131) specified in technical specifications (i.e., concurrent iodine spike case). The isotopic iodine
appearance rates are calculated using the specific activity production and removal rates based on the
most conservative letdown system parameters. The total isotopic iodine activity is calculated using the
spike duration of 8 hours. The total isotopic iodine and noble gas activities are and used to develop the

RADTRAD NIF SMSLBCONdef.txt for the concurrent iodine spike case. The RADTRAD model

postulates that the 99% of all fuel activity is released into the RCS within 8 hours at a calculated rate of
9.60 cfm. The activity transport from the RCS to the environment and the CR outside air intake radiation
monitor response are the same as described for the preaccident iodine spike case. The post-MSLB
concurrent iodine spike activity transport and CR response models are used to determine the post-MSLB

radiological consequences using the Salem Units I & 2 plant-specific as-built design inputs and
assumptions.

Initial Steam Generator Iodine Inventory Activity Release:

The initial iodine activity in the SGs is calculated based on the maximum secondary side 1.quid activity

concentration of 0.1 [iCVg DE 1-131 as allowed by the Technical Specifications. When evaluating
secondary liquid iodine releases, the larger Unit 2 SG voluma is used to maximize the total iodine activity
in the secondary liquid, which in turn yields higher secondary liquid release dose consequences. The

faulted and intact SGs volumes and liquid masses are calculated, and the corresponding secondary liquid
iodine activities are calculated for the intact and faulted SG, respectively. The results are included in
Reference 1 1.

Following a MSLB the faulted SG is assumed to steam dry in two hours. For the initial secondary liquid
iodine inventory release from the faulted SG, an iodine partition coefficient of 1.0 (i.e., no secondary liquid
iodine retention) is conservatively assumed in lieu of the value of 100 recommended in Regulatory Guide
1.183. The faulted SG secondary liquid iodine activity is assumed to be released to the environment

through the PAPRPs at the faulted SG steaming rate of 24.67 cfm for 0-2 hours. The initial secondary
liquid iodine activity release from the faulted is calculated and included in Reference 11.

For the initial secondary liquid iodine inventory release from the three intact SGs, an iodine partition
coefficient of 1.0 (i.e., no secondary liquid iodine retention) is conservatively assumed in lieu of the value

of 100 recommended in Regulatory Guide 1.183. The intact SGs secondary liquid iodine activity is
assumed to be released to the environment at the intact SGs steaming rates. The initial secondary liquid
iodine activity release from the intact SGs is modeled using the MSSV X/Q values. The intact SGs liquid
iodine activities are calculated and included in Reference 11.

ASSUMPTIONS

Regulatory Guide 1.183, Appendix E, provides guidance on modeling assumptions that are acceptable to
the NRC staff for the evaluation of the radiological consequences of a MSLB accident. The following
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sections address the applicability of these modeling assumptions to an Salem Units 1 & 2 MSLB accident

analysis. These assumptions are incorporated as design inputs Section 5.0 of Reference 11.

The radioactivity material releases and radiation levels used in the control room dose analysis are

determined using the same source term, transport, and release assumptions used for determining the

exclusion area boundary (EAB) and the low population zone (LPZ) TEDE values.

Source Terms

No fuel damage is postulated for the MSLB accident Per RG 1.183 since no or minimal fuel damage is

postulated for the limiting event, the released activity is the maximum coolarnt activity allowed by the

technical specifications. Two cases of iodine spiking, a preaccident case and a concurrent case, are

assumed.

Preaccident Iodine Spike Source Term

Consistent with RG 1.183 the first iodine spiking case assumes that a reactor transient has occurred prior

to the postulated MSLB and has raised the primary coolant iodine concentration to the maximum value

permitted by the technical specifications.

Per Technical Specification (TS) LCO for Specific Activity, the maximum primary coolant iodine

concentration permitted by the technical specifications at full power is shown in TS Figure 3.4-1 to be

60 pCi/gm Dose Equivalent (DE) 1-131. Technical Specification Section 1.10 defines DE 1-131 as that

concentration of 1-131 (in pCVg) which alone would produce the same thyroid dose as the quantity and

isotopic mixture of 1-131, 1-132,1-133, 1-134, and 1-135 actually present using the thyroid dose conversion

factors (DCFs) specified in Table IlIl of TID-14844; the TS Section 1.10 definition of DE 1-131 will be

revised to be based on the DCFs specified in Federal Guidance Report 11 (Ref. 19).

Concurrent Iodine Spike Source Term

Consistent with RG 1.183 the second iodine spiking case assumes that the primary system transient

associated with the MSLB causes an iodine spike in the primary system. The increase in primary coolant

iodine concentration is estimated using a spiking model that assumes that the iodine release rate from the

fuel rods to the primary coolant (expressed in curies per unit time) increases to a value 500 times greater

than the release rate corresponding to the iodine concentration at the equilibrium value specified in

technical specifications (i.e., concurrent iodine spike case). The assumed iodine spike duration is 8 hours.

Per Technical Specification LCO for reactor coolant specific activity, the equilibrium primary coolant iodine

concentration permitted by the Technical Specifications is 1.0 pCi/gm DE 1-131.
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Noble Gas Source Term

In both preaccident and concurrent iodine spike cases the primary coolant noble gas (Xenon and

Krypton) concentrations are assumed to correspond to the maximum coolant activity allowed by the

technical specifications.

Per Technical Specification LCO Specific Activity, the equilibrium primary coolant non-iodine

concentration permitted by the technical specifications is 1 OO/E-BAR. The parameter E-BAR is defined as

the average, weighted in proportion to the concentration of each radionuolide in the reactor coolant at the

time of sampling, of the sum of the average beta and gamma energies per disintegration, in MeV, for

isotopes, with half lives greater than 15 minutes, making up at least 95% of the total non-iodine activity in

the coolant

Since 1 percent failed fuel introduces more iodine activity into the primary coolant than is allowed by the

Tech Specs, it can be conservatively assumed that 1 percent failed fuel introduces more non-iodine

activity into the RCS than is allowed by the Tech Spec limit of 100/E-bar. Therefore, the PC noble gas

concentrations corresponding to 1% fuel defects are conservatively used to determine the total RCS

noble gas activity modeled for both the preaccident and concurrent iodine spike cases.

Activity Release from the Fuel into the Primary Coolant

Consistent with RG 1.183 the activity released from the fuel (for both the preaccident and concurrent

iodine spike cases) is assumed to be released instantaneously and homogeneously through the primary

coolant.

Iodine Chemical Form

Consistent with RG 1.183, the chemical form of iodine releases from the steam generators to the

environment are assumed to be 97% elemental and 3% organic. These fractions apply to iodine released

during normal operations, including iodine spiking.

Transport

Primary-to-Secondary Leak Rates

Consistent with RG 1.183) for facilities such as Salem Units 1 & 2 that have traditional primary-to-

secondary leak rate specifications (both per generator and total of all generators), the leakage is

apportioned between faulted and intact steam generators in such a manner that the calculated dose is

maximized. Per Technical Specification LCO for RCS operational leakage, the primary-to-secondary leak

rate into the faulted steam generator (i.e., the generator supplying the ruptured main steam line) is 0.35
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gpm [= (500 gal/day) / (1440 mi/day)]. The total primary-to-secondary leak rate into the three intact

steam generators is 0.65 gpm (corresponding to the maximum technical specification leak rate for all

steam generators of I gpm per TS LCO] minus the leak rate into the faulted steam generator of 0.35

gpm).

Primary-to-Secondary Leak Primary Coolant Density

Consistent with RG 1.183 the primary coolant density used in converting the volumetric primary-to-

secondary leak rates (e.g., gpm) to mass leak rates (e.g., lbmlhr) is assumed to be 1.0 gm/cc (62.4

Ibm/ft 3). Conversely, the temperature dependent specific volumes are used for converting the mass flow

rates into volumetric flow rates to maximize the releases and consequently the doses.

Primary-to-Secondary Leak Duration

Per RG 1.183, the primary-to-secondary leakage should be assumed to continue until the primary system

pressure is less than the secondary system pressure, or until the temperature of the leakage is less than

1000C (2120F). The release of radioactivity from unaffected (i.e., intact) steam generators should be

assumed to continue until shutdown cooling is in operation arid releases from the steam generators have

been terminated. Shutdown cooling will be placed into operation at 32 hours.

In this analysis primary coolant is assumed to leak into the faulted and intact steam generators and be

available for release to the environment for 32 hours after tha initiation of the event, at which time

shutdown cooling will be placed into operation.

Noble Gas Releases to the Environment

Consistent with RG 1.183, all noble gas radionuclides released from the primary system (via the primary-

to-secondary leaks) are assumed to be released to the environment without reduction or mitigation.
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Transport Model

RG 1.183 presents the following generic steam generator transport model for use in evaluating an MSLB

accident:

Steam Generator Transport Model

| Steam Space elese

1 ter

Release via the Faulted Steam Generator

Per RG 1.183 Appendix E, Section 5.5.1, a portion of the primary-to-secondary leakage will flash to

vapor, based on the thermodynamic conditions in the reactor and secondary coolant. During periods of

steam generator dryout, all of the primary-to-secondary leakage is assumed to flash to vapor and be

released to the environment without mitigation. Per RG 1.183 Appendix E, Section 5.6, operating

experience and analyses has shown that for some steam generator designs, tube uncovery may occur for

a short period following any reactor trip. The potential impact of tube uncovery on the transport model

parameters (e.g., flash fraction, scrubbing credit) needs to be considered.

In this analysis the faulted steam generator is assumed to steam dry. Consistent with RG 1.183

Appendix E, Section 5.5.1, during the period of faulted steam generator dryout, all of the 0.35 gpm

primary-to-secondary leakage into the faulted steam generator is assumed to flash to vapor and all of the

iodine and noble gas activity P-T-S leakage into the faulted steam generator is assumed to be released

directly to the environment with no credit taken for iodine partitioning or scrubbing in the faulted steam

generator.

Release via the Intact Steam Generators:

Per RG 1.183 Appendix E, Section 5.5.1 with regard to the unaffected (i.e., intact) steam generators used

for plant cooldown, the 0.65 gpm primary-to-secondary leakage can be assumed to mix with the

secondary water without flashing during periods of total tube submergence. All of the noble gas activity in

the primary-to-secondary leakage into the three intact steam generators is assumed to be released

directly to the environment with no credit taken for iodine partitioning or scrubbing in the faulted
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generator. All of the iodine activity in the P-T-S leakage into the three intact steam generators is assumed

to mix with the secondary water without flashing during this period of total tube submergence. Consistent

with RG 1.183 Appendix E, Section 5.5.4, the radioactivity in the bulk water of the three intact steam

generators (consisting of the initial secondary side water iodine activity and the iodine activity introduced

via primary-to-secondary leakage) is assumed to become vapor at a rate that is a function of the

steaming rate and an assumed iodine partition coefficient of 1 to maximize the resulting dose.

Control Room Dose Conseqiuences

Regulatory Guide 1.183 provides guidance to be used in determining the total effective dose equivalent

(TEDE) for persons located in the control room (CR). The following sections address the applicability of

this guidance to the Salem Units I & 2 MSLB accident analysis. These assumptions are incorporated as

design inputs.

Control Room Operator Dose Contributors

Consistent with RG 1.183, the CR TEDE analysis considers the following sources of radiation that will

cause exposure to control room personnel:

* Contamination of the control room atmosphere by the filtered CR ventilation inflow through the

CR air intake and by unfiltered inleakage of the radioactive material contained in the post-

accident radioactive plume released from the facility,

* Contamination of the control room atmosphere by filtered CR ventilation inflow via the CR air

intake and by unfiltered inleakage of airborne radioactive material from areas and structures

adjacent to the control room envelope,

* Radiation shine from the external radioactive plume released from the facility (i.e., external

airborne cloud shine dose),

* Radiation shine from radioactive material in the reactor containment (i.e., containment shine

dose). This form of radiation shine is not applicable to a MSLB accident in which the activity is

not released into the containment air space, and

* * Radiation shine from radioactive material in systems and components inside or external to the

control room envelope (e.g., radioactive material buildup in CR intake and recirculation filters [i.e.,

CR filter shine dose]).

*Note: The external airborne cloud shine dose and the CR filter shine dose due to a MSLB accident are

insignificant compared to those due to a LOCA (see the core release fractions for LOCA and non-LOCA

design basis accidents. Therefore, these direct dose contributions are considered to be insignificant and

are not evaluated for a MSLB accident.
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DESIGN INPUTS

The as-built design inputs/assumptions utilized in the EAB, LPZ, and CR habitability analyses are listed in

Section 5.0 of Reference 11. The design inputs are compatible with the AST and TEDE dose criteria, and

the assumptions are consistent with those identified in Appendix E of RG 1.183.

RESULTS SUMMARY

a) The results of the MSLB accident with the preaccident iodine spike are summarized in the

following table with the CR monitors preferentially selecting the less contaminated CR air intake:

MSLB Accident - Preaccident Iodine Case

TEDE Dose (rem)

Receptor Location

Control Room EAB LPZ

P-T-S Iodine Release FSG 6.62E-02 2.14E-02 1.01E-02

SMSLFPIDOO (occurs .t t= 0)

P-T-S NG Release FSG .15E-04 8.77E-OE .11E-05

SMSLFNGOO (occurs at t = 0)

P-T-S Iodine Release ISG 3.62E-02 3.44E-02 1.40E-02

SMSLINPIDOO (occurs at t = 8.0 hrs)

P-T-S NG Release ISG 1.52E-C4 1.62E-04 7.57E-05

SMSLBNGOO (occurs at t = 0)
Liquid Iodine Release FSG 4.39E-03 7.10E-03 1.02E-03

SMSFSLIDOO (occurs at t = 0)

Liquid Iodine Release ISG 1.81E-02 3.15E-02 4.79E-03k SMSINSLIDO (occurs at t = 0)

Total 1.25E-01 9.46E-02 3.OOE-02

Allowable TEDE Limit 5.OOE+00 2.50E+01 2.50E+01

FSG = Faulted SG ISG = Intact SG
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b) The results of the MSLB accident with the concurrent iodine spike are summarized in the

following table with the CR monitors preferentially selecting the less contaminated CR air intake:

MSLB Accident - Concurrent Iodine Case

TEDE Dose (rem)

Receptor Location

Control Room EAB LPZ

P-T-S Iodine Release FSG 5.32E-01 1.85E-01 7.75E-02

SMSLFClD01 (occurs at t = 5.0 hrs)
P-T-S NG Release FSG .15E-04 8.77E-05 M.IE-05

SMSLFNGOO (occurs at t = 0)

P-T-S Iodine Release ISG 2.92E-01 3.12E-01 1.05E-01

SMSLINCID01 (occurs at t = 8.4 hrs)

P-T-S NG Release ISG 1.52E-04 1.62E-04 7.57E-05

SMSLBNGOO (occurs at t = 0)
Liquid Iodine Release FSG 4.39E-03 7.10E-03 1.02E-03

SMSFSLIDOO (occurs at t = 0)

Liquid Iodine Release ISG 1.81 E-02 3.15E-02 4.79E-03

SMSINSLI000 (occurs at t = 0)

Total 8.47E-01 5.36E-01 1.CBE-01

Allowable TEDE Limit I5.00E+00 2.50E+00 2.50E+00

FSG = Faulted SG ISG = Intact SG

CONCLUSIONS:

The results of MSLB accident analyses indicate that the EAB, LPZ, and CR doses due to a MSLB

accident are within their allowable limits.

4.4 LOCKED ROTOR RADIOLOGICAL ANALYSIS

PURPOSE:

The purpose of this calculation is to determine the Exclusion Area Boundary (EAB), Low Population Zone

(LPZ), and Control Room (CR) doses due to a Reactor Coolant Pump (RCP) Locked Rotor Accident

(LRA) using the Alternative Source Term (AST) methodology and total effective dose equivalent (TEDE)

dose criteria. The dose consequences are representative of an accident occurring in either unit. The LRA

is analyzed using plant specific design and licensing bases inputs, which are compatible to the TEDE

dose criteria. The LRA analysis is performed using the guidance in Regulatory Guide 1.183 and its

Appendix G.

45



Document Control LR-N04-0021
Attachment I LCR S03-05

ANALYTICAL APPROACH

The principal radiation source term for the LRA is the fuel gap activity in the failed fuel caused by the

transient of the accident. It is assumed that 5% of the fuel cladding in the core has failed, with the failed

fuel rod gap activity released immediately to the primary coolant (PC). The fuel gap isotopic activity

release fractions are in accordance with RG 1.183. Previous LRA analysis had assumed a pre-accident

iodine spike activity release in addition to the failed fuel activity release. In this analysis the pre-accident

iodine spike activity release is not modeled. The exclusion of the pre-accident iodine spike is consistent

with the guidance presented in RG 1.183, which states that the activity assumed in the analysis should be

based on the activity associated with the projected fuel damage or the maximum technical specification

values, whichever maximizes the radiological consequences. Per the comparison of 5% failed fuel and

pre-accident iodine spike activities presented, an activity release based on the projected 5% fuel damage

would yield higher dose consequences than would a release of activity at the maximum Technical

Specification limits. Therefore, the pre-accident iodine spike activity release is not modeled with the failed

fuel activity release.

The iodine and noble gas core inventory at a core power level of 3600 MWt is obtained. The design basis

core inventory is established based on scaling the 3600 MWt core inventory to an inventory based on

105% of the rated thermal power level of 3,459 MWt. The design basis core iodine and noble gas activity

releases from the 5% failed fuel are calculated using the iodine and noble gas gap release fractions

addressed in RG 1.183, Table 3. The activity released from the failed fuel is assumed to be

instantaneously and homogeneously mixed through the primary coolant. The initial iodine and noble gas

activity in the PC is calculated in Table 3 using the 1% fuel defects RCS activity concentrations and the

Reactor Coolant System (RCS) coolant mass. This initial PC activity is added to the 5% failed fuel activity,

which is used to develop RADTRAD nuclide inventory file (NIF) SLRA1_def.txt. The RCS activity is

assumed to be released into the four SGs via a primary-to-secondary (P-T-S) leak rate of I gpm. Noble

gases present in the P-T-S leakage are released directly to the environment without retention in the SGs.

It is assumed that the SG tubes are not submerged in the SGs liquid, and consequently iodine introduced

into the SGs via the P-T-S leakage is assumed to be directly released to the environment in proportion to

the steam release rate, with no credit taken for iodine partitioning in the SG liquid. Thirty-two hours after

the accident, the RHR system is assumed to be in operation and releases from the SGs have been

terminated. The steaming rates of SGs are calculated based on the loss of load mass releases, which are

applicable to the locked rotor accident.

The initial secondary coolant iodine activity used in this calculation is based on the Technical

Specification limit of 0.1 pClg Dose Equivalent of 1-131. The secondary liquid iodine activity is calculated

and used in RADTRAD NIF file SLRASLIodinedef.txt to calculate dose consequences due to the

secondary liquid iodine activity release. Secondary liquid iodine is assumed to be directly
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released to the environment in proportion to the steam release rate, with credit taken for iodine

partitioning in the SG liquid. For the secondary liquid iodine release from the SGs, an iodine partition

coefficient of 10 is conservatively assumed in lieu of the value of 100 recommended in Regulatory Guide

1.183. Thirty-two hours after the accident, the RHR system is assumed to be in operation, and no steam

is released after this time.

ASSUMPTIONS

Regulatory Guide 1.183, Appendix G, provides guidance on modeling assumptions that are acceptable to

the NRC staff for the evaluation of the radiological consequences of a LRA. The following sections

address the applicability of these modeling assumptions to an Salem Units 1 and 2 Locked Rotor accident

analyses. These assumptions are incorporated as design inputs in Section 5.0 of Reference 12.

The radioactivity material releases and radiation levels used in the control room dose analysis are

determined using the same source term, transport, and release assumptions used for determining the

exclusion area boundary (EAB) and the low population zone (LPZ) TEDE values.

Source Term

There is 5% fual damage postulated for the LRA per RG 1.183, Appendix G, Section 2. Since fuel

damage is postulated for the .imiting event, a radiological analysis is required.

Activity Release from the Fuel into the Primary Coolant

Consistent with RG 1.183 the activity released from the fuel is assumed to be released instantaneously

and homogeneously through the primary coolant.

Iodine Chemical Form

Consistent with RG 1.183 the chemical form of iodine releases from the steam generators to the

environment are assumed to be 97% elemental and 3% organic. These fractions apply to iodine releases

from the primary-to-secondary (P-T-S) leakage and the secondary liquid.

Transport

Primary-to-Secondary Leak Rates

Consistent with RG 1.183 the primary-to-secondary leak rate in the four steam generators is assumed to

be the leak rate limiting condition for operation specified in the technical specifications.
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Primary-to-Secondary Leak Primary Coolant Density

Consistent with RG 1.183, the primary coolant density used in converting the volumetric primary-to-

secondary leak rates (e.g., gpm) to mass leak rates (e.g., Ibm/hr) is assumed to be 1.0 gm/cc (62.4

lbm/ft). It is assumed that the SG tubes are not submerged in the SGs liquid, and consequently iodine

introduced into the four SGs via the P-T-S leakage is assumed to be directly released to environment with

no credit taken for iodine partitioning in the SG liquid. For the secondary liquid iodine release from the

SGs, an iodine partition coefficient of 10 is conservatively assumed in lieu of the value of 100

recommended in Regulatory Guide 1.183.

Primary-to-Secondary Leak Duration

Consistent with RG 1.183 the primary-to-secondary leakage is assumed to continue until the primary

system pressure is less than the secondary system pressure, or until the temperature of the leakage is

less than 2120F. In this analysis primary coolant is conservatively assumed to leak into the SGs for 32

hours until the RHR system is put in operation.

Release of Fission Products

Consistent with RG 1.183, the release of fission products from the secondary system is evaluated with

the assumption of a coincident loss of offsite power (LOOP). The offsite power is assumed to be lost so

that the main steam condensers are not available for removal of the decay heat.

Noble Gas Releases to the Environment

Consistent with RG 1.183 all noble gas radionuclides released from the primary system are assumed to

be released to environment without reduction or mitigation.

Control Room Dose Consequences

Regulatory Guide 1.183 provides guidance to be used in determining the total effective dose equivalent

(TEDE) for persons located in the control room (CR). The following sections address the applicability of

this guidance to the Salem Units 1 and 2 LRA analyses. These assumptions are incorporated as design

inputs.

Control Room Operator Dose Contributors

Consistent with RG 1.183, the CR TEDE analysis considers the following sources of radiation that will

cause exposure to control room personnel:
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* Contamination of the control room atmosphere by the filtered CR ventilation inflow through the

CR air intake and by unfiltered inleakage of the radioactive material contained in the post-

accident radioactive plume released from the facility,

* Contamination of the control room atmosphere by filtered CR ventilation inflow via the CR air

intake and by unfiltered inleakage of airborne radioactive material from areas and structures

adjacent to the control room envelope,

* *Radiation shine from the external radioactive plume released from the facility (i.e., external

airborne cloud shine dose),

* Radiation shine from radioactive material in the reactor containment (i.e., containment shine

dose). This form of radiation shine is not applicable to a LRA in which the activity is not released

into the containment air space, and

* Radiation shine from radioactive material in systems and components inside or external to the

control room envelope (e.g., radioactive material buildup in CR intake and recirculation filters [i.e.,

CR filter shine dose]).

Note: The external airborne cloud shine dose and the CR filter shine dose due to a LRA are

insignificant compared to those due to a LOCA. Therefore, these direct dose contributions are

considered to be insignificant and are not evaluated for a LRA.

DESIGN INPUTS

The as-built design inputs/assumptions utilized in the EAB, LPZ, and CR habitability analyses are listed in

Section 5.0 of Reference 12. The design inputs are compatible with the AST and TEDE dose criteria, and

the assumptions are consistent with those identified in Appendix G of RG 1.183.
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RESULTS SUMMARY

The results of the Locked Rotor accident are summarized in the following table with the CR monitors

preferentially selecting the less contaminated air intake:

RCP Locked Rotor Accident

TEDE Dose (rem)

Receptor Location

Control Room EAB LPZ

P-T-S Iodine Release 1.29E+00 1.23E+00 5.01 E-01

SLRAIDOO (occurs @ 8.3 hrs)

SC Liquid Iodine Release 3.54E-03 6.24E-03 1.32E-03

SLRASLIDOO (occurs @ 0.0 hr)

Noble Gas Release 9.52E-03 2.24E-02 5.54E-03

SLRANGOO (occurs @ 0.0 hr)
Total 1.30E+00 1.26E+00 5.08E-01

Allowable TEDE Limit 5.OOE+00 5.0E+00 2.50E+00

CONCLUSIONS

The Reactor Coolant Pump Locked Rotor accident results indicate that the EAR, LPZ, and CR doses

due to a LRA are within their allowable limits.

4.5 ROD EJECTION RADIOLOGICAL ANALYSIS

PURPOSE

The purpose of this calculation is to determine the Exclusion Area Boundary (EAB), Low Population Zone

(LPZ), and Control Room (CR) doses due to a Rod Ejection Accident (REA) using the Alternative Source

Term (AST) methodology and total effective dose equivalent (TEDE) dose criteria. The dose

consequences are representative of an accident occurring in either unit.

The REA is analyzed using plant specific design and licensing bases inputs, which are compatible to the

TEDE dose criteria. The REA analysis is performed using the guidance in Regulatory Guide 1.183 and

its Appendix H.

ANALYTICAL APPROACH

This calculation addresses two release cases. In the first, 100% of the activity released from the fuel is

assumed to be released instantaneously and homogeneously throughout the containment atmosphere

and available for release to the environment. In the second, 100% of the activity released from the fuel is
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assumed to be completely dissolved in the primary coolant (PC) and available for release to the

environment through the secondary system.

Containment Leakage Release

The following activity is assumed to be instantaneously and homogeneously distributed in the

containment following a control rod ejection accident:

* 10% of the core iodine and 10% of the core noble gases in the fuel gap of 10% failed fuel,

* 25% of the core iodine and 100% of the core noble gases in the 0.25% melted fuel, and

* 100% of the iodine and noble gases initially present (i.e., pre-REA) in the reactor coolant system

(RCS)

During the first 24 hours the containment is assumed to leak at its maximum technical specification leak

rate of 0.10 volume percent per day and at 50% of this leak rate for the remaining duration of the

accident. Although allowed by Regulatory Guide 1.183, no credit is taken for a reduction in the amount of

radioactive material available for leakage from the containment due to natural deposition and containment

spray.

The post-REA activity released into the containment from tho fuel and RCS is calculated. The iodine and

noble gas core inventory at a core power level of 3600 MWt is obtained.. The design basis core inventory

is established based on scaling the 3600 MWt core inventory to an inventory based on 105% of the rated

thermal power level of 3,459 MWt. The pre-REA RCS activity available for release to the containment is

calculated using the primary coolant activity concentrations based on 1% fuel defects and RCS mass.

The post-REA iodine and noble gas activity released from the 10% failed fuel and 0.25% melted fuel are

calculated in Table 3 with appropriate release fractions applied to the Table 1 design basis core inventory.

The activities released from the fuel and RCS into the containment are input into RADTRAD nuclide

inventory file (NIF) SREACNT-daf.txt.

The post-REA containment leakage release activity transport and CR response models are used to

determine the post-REA radiological consequences using the Salem plant-specific as-built design inputs

and assumptions. The post-REA containment leakage release CR response model takes credit for CR

operator action to manually initiate the CREACS operation 30 minutes after a REA because the activity

concentration from this release path does not exceed the CR monitor setpoint. It is conservatively

assumed that the CR HVAC draws outside air from the more contaminated CR air intake.

Secondary System Releases

To maximize the calculated secondary system release doses it is assumed that offsite power is lost so

that the main steam condensers are not available. Due to the REA, the reactor is shutdown and the plant

begins discharging secondary coolant via the steam generator (SG) relief valves. Steam release from the
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SGs continues for 110 seconds with the total steam mass release of 5.12E+05 lbs. During the 110

seconds release period reactor coolant is assumed to leak into the SGs at the maximum technical

specification rate of I gpm. In the secondary system release case, 100% of the activity released from the

fuel is assumed to be completely dissolved in the primary coolant (PC) and available for release to the

SGs via primary-to-secondary (P-T-S) leakage. The reactor coolant noble gases that enter the SGs via P-

T-S leakage are released directly to the environment without reduction and mitigation. It is conservatively

assumed that the SG tubes are uncovered (i.e., not submerged in the SGs liquid), and consequently

iodine introduced into the SGs via the P-T-S leakage is assumed to be directly released to the

environment in proportion to the steam release rate, with no credit taken for iodine partitioning in the SG

liquid. Although the affected unit CR intake preferentially aligns with the less contaminated air intake in 1

minute after the REA, the 0-2 hour Unit 1 CR air intake X/Q for MSSV Set I release is conservatively

used for the P-T-S leakage iodine release for entire duration of 110 seconds without crediting the

CREACS ability to align with less contaminated air intake.

The post-REA iodine and noble gas activities released from the 10% failed fuel and 0.25% melted fuel,

which are completely dissolved in the PC and available for release to SGs, are calculated in Table 4 of

Reference 9 with appropriate release fractions, and the RADTRAD NIF SREARCSdef.txt is developed

using the total activity released to PC. The post-REA secondary system release activity transport and CR

response models are used to determine the post-REA radiological consequences resulting from the P-T-

S leakage. The post-REA secondary system release CR response model utilizes the Salem CR air intake

monitors to preferentially select the less contaminated air intake because the activity concentration from

this release path instantly exceeds the CR monitor setpoint. The assumed delay time of 1 minute for the

CR pressurization mode to be fully operational is conservatively assumed.

The EAB, LPZ, and CR doses from the containment leakage and secondary system releases are

combined. The actual doses from a REA would be a composite of the two pathways.

ASSUMPTIONS

Regulatory Guide 1.183, Appendix H, provides guidance on modeling assumptions that are acceptable to

the NRC staff for the evaluation of the radiological consequences of a PWR rod ejection accident The

following sections address the applicability of these modeling assumptions to a Salem Units I and 2 REA

analyses. These assumptions are incorporated as design inputs in Section 5.0 of Reference 9.

The radioactivity material releases and radiation levels used in the control room dose analysis are

determined using the same source term, transport, and release assumptions used for determining the

exclusion area boundary (EAB) and the low population zone (LPZ) TEDE values.
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Source Term

Fuel Damage Source Term

Fuel damage is postulated for the REA. Ten percent (10%) of the core is assumed to experience clad

damage and one-fourth of one percent (0.25%) of the core is assumed to experience fuel melt as a result

of the REA.

Consistent with RG 1.183, the release from the breached fuel to the coritairment and available for

containment release, or to the primary coolant and available for release to the secondary system, is

based on the estimate of the number of fuel rods breached (i.e., 10%) and the assumption that 10% of

the core inventory of the noble gases and iodines is in the fuel gap.

Consistent with RG 1.183, the release attributed to fuel melting is based on the fraction of the fuel (i.e.,

0.25%) that reaches or exceeds the initiation temperature for fuel melting and the assumption that 100%

of the noble gases and 25% of the icdanes contained in that fraction are available for release from

containment.

Consistent with RG 1.183, for the secondary system release pathway, 100% of the noble gases and 50%

of the iodines in the fraction of tha fuel (i.e., 0.25%) that reaches or exceed the initiation temperature for

fuel melting are released to the reactor coolant.

The above source term requirements are incorporated as design inputs.

No Fuel Damage Source Term

Consistent with RG 1.183, since fuel damage is postulated for the REA a radiological analysis for the

REA is required.

Release Cases to be Considered

Consistent with RG 1.183, two release cases are considered in this REA analysis. In the first, 100% of

the activity released from the fuel is assumed to be released instantaneously and homogeneously

through the containment atmosphere. In the second, 100% of the activity released from the fuel is

assumed to be completely dissolved in the primary coolant and available for release to the secondary

system.

53



Document Control LR-N04-0021
Attachment 1 LCR S03-05

Containment Airborne Iodine Form

Consistent with RG 1.183, the chemical form of radioiodine released to the containment atmosphere is

assumed to be 95% cesium iodide (CsI) (i.e., particulate), 4.85% elemental iodine, and 0.15% organic

iodide.

Steam Generator Release Iodine Form

Consistent with RG 1.183, iodine releases from the steam generators to the environment are assumed to

be 97% elemental and 3% organic.

Transport

Transport From Containment

Reduction in Radioactive Material

RG 1.183 allows for a reduction in the amount of radioactive material available for leakage from the

containment that is due to natural deposition, containment sprays, recirculating filter systems, dual

containments, or other engineered safety features to be taken into account. Conservatively, in this

analysis no reduction in the post-REA airborne activity is credited.

Containment Leakage

Consistent with RG 1.183 the containment is assumed to leak at the leak rate of 0.1 V%Iday incorporated

in the technical specifications at peak accident pressure for the first 24 hours, and at 50% of this leak rate

for the remaining duration of the accident Peak accident pressure is the maximum pressure defined in

the technical specifications for containment leak testing.

Transport From Secondary System

Primary-to-Secondary Leak Rates

Consistent with RG 1.183 a leak rate equivalent to the primary-to-secondary leak rate limiting condition

for operation specified in the technical specifications is assumed to exist until shutdown cooling is in

operation and releases from the steam generators have been terminated. Releases from the steam

generators terminate in 110 seconds, once the full secondary side mass in all four steam generators has

discharged through the main steam safety valves.
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Primary-to-Secondary Leak Primary Coolant Density

Consistent with RG 1.183 the primary coolant density used in converting the volumetric primary-to-

secondary leak rates (e.g., gpm) to mass leak rates (e.g., Ibm/hr) are assumed to be 1.0 gm/cc (62.4

Ibm/ft3).

Noble Gas Transport Model (Releases to the Environment)

Consistent with RG 1.183 all noble gas radionuclides released from the primary system (via the primary-

to-secondary leaks) are assumed to be released to the environment without reduction or mitigation.

Iodine and Particulate Transport Model (Releases to the Environment)

RG 1.183 states that the transport model should be utilized for iodine and particulate. In this analysis, all

iodine leaked into the steam generators is diluted within the steam generator liquid mass, and released to

the environment at the steam generator steaming rate assuming an iodine partition coefficient of one.

Since the post-REA release is less than 2 minutes in duration, and since iodine partitioning is not credited

in the analysis, use of the recommended transport model is not appropriate for the steam mass release

from the intact SGs.

Control Room Dose Consequences

Regulatory Guide 1.183 provides guidance to be used in determining the total effective dose equivalent

(TEDE) for persons located in the control room (CR). The following sections address the applicability of

this guidance to the Salem Units 1 and 2 REA analyses. These assumptions are incorporated as design

inputs.

Control Room Operator Dose Contributors

Consistent with RG 1.183, the CR TEDE analysis considers the following sources of radiation that will

cause exposure to control room personnel:

* Contamination of the control room atmosphere by the filtered CR ventilation inflow through the

CR air intake and by unfiltered inleakage of the radioactive material contained in the post-

accident radioactive plume released from the facility,

* Contamination of the control room atmosphere by filtered CR ventilation inflow via the CR air

intake and by unfiltered inleakage of airborne radioactive material from areas and structures

adjacent to the control room envelope,

* Radiation shine from the external radioactive plume released from the facility (i.e., external

airborne cloud shine dose),
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* Radiation shine from radioactive material in the reactor containment (i.e., containment shine

dose), and

* * Radiation shine from radioactive material in systems and components inside or external to the

control room envelope (e.g., radioactive material buildup in CR intake and recirculation filters [i.e.,

CR filter shine dose].

Note: The external airborne cloud shine dose, containment shine dose, and the CR filter shine

dose due to a REA are insignificant compared to those due to a LOCA. Therefore, these direct

dose contributions are considered to be insignificant and are not evaluated for a REA.

DESIGN INPUTS

The as-built design inputslassumptions utilized in the EAB, LPZ, and CR habitability analyses are listed in

Section 5.0 of Reference 9.0. The design inputs are compatible with the AST and TEDE dose criteria and

assumptions are consistent with those identified in Appendix E of RG 1.183.

RESULTS SUMMARY:

The results of the Rod Ejection accident are summarized in the following table with the CR monitors

preferentially selecting the less contaminated air intake:

Rod Ejection Accident

TEDE Dose (rem)

Receptor Location

Control Room EAB LPZ

Containment Leakage 1.03E+00 2.15E-01 1.26E-01

SREACLO1 (occurs @ 0.0 hr)

P-T-S Iodine Release 3.26E-01 3.50E-02 5.OOE-03

SREAID000 (occurs @ 0.0 hrs)

Noble Gas Release 7.41E-03 3.14E-03 4.50E-04

SREANGOO (occurs @ 0.0 hr)
otal 1.37E+00 2.53E-01 1.31 E-01

Ilowable TEDE Limit 5.OOE+00 6.30E+00 6.30E+00

CONCLUSIONS

The Rod Ejection Accident results indicate that the EAB, LPZ, and CR doses due to a REA are within

their allowable limits.
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4.6 WASTE GAS DECAY TANK AND VOLUME CONTROL TANK RUPTURE RADIOLOGICAL
ANALYSIS

This engineering evaluation addresses the radiological consequences of both Waste Gas Decay Tank

(WGDT) and Volume Control Tank (VCT) rupture accidents using Alternative Source Term (AST)

methodology including TEDE dose criteria.

WGDT AND VCT RUPTURE SCENARIOS

In accordance with the current WGDT and VCT Rupture dose analysis of record (AOR), the noble gas activity

inventories in the WGDT and VCT are released to the environment via the plant vent as an instantaneous puff).

No credit is taken for activity hold-up or decontamination. The released activity is atmospherically dispersed to

the CR and offsite dose receptors.

The dose conversion factors used for this conversion are the effective TEDE for air submersion as listed in

FGR-1 2 (Ref. 20). The dose rate due to the release of the WGDT activity inventory is greater than the dose rate

due to the release of the VCT activity inventory. It is therefore concluded that the control room and offsite dose

consequences of a puff release of the WGDT activity inventory bound the dose consequences of a puff release

of the VCT activity inventory.

ANALYSIS METHODOLOGY

This engineering evaluation uses a conservative and simple radiological dose consequence analysis to evaluate

the WGDT rupture accident The assumptions, design inputs, and methodology described in this section are

modeled in a RADTRAD computer code run, which calculates the WGDT rupture control room and offsite dose

consequences.

This evaluation uses Version 3.02 of the RADTRAD computer code to calculate the potential radiological

consequences of theWGDT rupture accident The RADTRAD code is documented in NUREG/CR-6604.

The noble gas activity inventory in the WGDT is conservatively released to the environment via the plant vent

as an instantaneous puff. The puff release is modeled in the RADTRAD computer code run by modeling a

small WGDT volume of 10 ft3 and a large release rate of 200,000 ft3/minute.

This calculation is an ARCON96 code analysis that evaluates atmospheric dispersion between the Unit 1 plant

vent and the control room (CR) HVAC air intake. Per the ARCON96 calculation, the X/Q value defining a

release from the plant vent to the CR HVAC air intake during the first moments of the WGDT Rupture release

(when the entire inventory is released to the environment) is 1.78e-3 sec/m3

This engineering evaluation conservatively models only the CR normal mode of operation. No credit is taken

for a switchover to the CR emergency mode of operation. No credit is taken for filtration of the contaminated
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outside air that enters the control room via the HVAC system or via inleakage. No credit is taken for cleanup of

the contaminated CR air by the emergency recirculation unit filters.

The remainder of the WGDT Rupture radiological consequence model is consistent with the control room and

offsite modeling employed in Steam Generator Tube Rupture (SGTR) AST dose Calculation.

RESULTS AND SUMMARY

The WGDT rupture accident control room and offsite doses are shown in the following table:

WGDT Rupture Accident Doses
(per RADTRAD output file SWGDT00.oO)

Dose Receptor Dosa (rem TEDE)

Control Room (Event Duration Dose) 2.07E-02

Exclusion Area Boundary (2-hour Dose) 4.10E-02 (from 0 to 2 hours)

ow Population Zone (Event Duration Dose) 5.86E-03

CONCLUSIONS

This engineering evaluation provides a radiological dose consequence analysis for the scenario of a Salem

WGDT rupture accident Using conservative and simple methods, this engineering evaluation calculates the

WGDT rupture control room and offsite doses. These doses are trivially small compared to the 5 rem TEDE

control room and 25 rem TEDE offsite dose criteria specified in 10 CFR 50.67

5.0 OVERALL CONCLUSIONS

Full implementation of the Alternative Source Term Methodology, as defined in Regulatory Guide 1.183,

into the design basis accident analysis has been made to support the proposed changes to the Salem

licensing basis.

Analyses of the Loss-of-Coolant Accident (LOCA), Main Steam Line Break (MSLB), Steam Generator

Tube Rupture (SGTR), Reactor Coolant Pump Shaft Seizure (Locked Rotor), Control Rod Ejection,

Letdown Line Break, Waste Gas Decay Tank and Volume Control Tank ruptures have been analyzed

using RG 1.183 methodology. The analysis used assumptions consistent with the proposed changes in

the Salem Units I and 2 licensing basis and the calculated doses do not exceed the defined acceptance

criteria delineated in RG 1.83 and 1 OCFR 50.67.

A summary of Alternative Source Term Analysis results is shown below.
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Accident

Salem Generating Station, Units 1 and 2
Summary of Alternative Source Term (AST) Analysis Results

EAB Acceptance Margin LPZ Dose Acceptance Margin
Dose Criteria (%) (rem Criteria (%)
(rem (rem TEDE) TEDE) (rem TEDE)

TEDE)

Control
Room
Dose
(rem

TEDE)

Acceptance Margin
Criteria (%)

(rem TEDE)

LOCA
Offsite and Salem Impact
Hope Creek Impact

SGTR
Pre-accident Iodine Spike
Coincident Iodine Spike

MSLB
Pre-accident Iodine Spike
Coincident Iodine Spike

Locked Rotor

Rod Ejection

WGDT Rupture

VCT Rupture

3.26
N/A

2.21
1.57

0.09
0.54

1.26

0.25

0.04

<0.04

25
N/A

25
2.5

25
2.5

2.5

6.3

25

25

87%
N/A

1.18
N/A

91% 0.33
37% 0.33

100%
79%

50%

96%

100%

100%

0.03
0.19

0.51

0.13

0.01

<0.01

25
N/A

25
2.5

25
2.5

2.5

6.3

25

25

95%
N/A

99%
87%

100%
92%

80%

98%

100%

100%

3.83
0.79

0.52
0.59

0.13
0.85

1.30

-1.37

0.02

<0.02

90%
88%

98%
33%

74%

73%

100%

100%

23%
84%

-
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6.0 NO SIGNIFICANT HAZARDS CONSIDERATIONS

The standards used to arrive at a determination that a request for amendment involves a no
significant hazards consideration are included in the Commission's regulation, 10 CFR 50.92,
which states that no significant hazards are involved if the operation of the facility in

accordance with the proposed amendment would not: (1) involve a significant increase in the
probability or consequences of an accident previously evaluated, or (2) create the possibility
of a new or different kind of accident from any accident previously evaluated, or (3) involve a
significant reduction in a margin of safety. Each standard is discussed as follows:

This change does not involve a significant hazards consideration for the following reasons:

1) The proposed amendment does not Involve a significant Increase in the
probability or consequences of an accident previously evaluated.

Alternative source term calculations have been performed for Salem Units 1 and 2
that demonstrate the dose consequences remain below limits specified in NRC
Regulatory Guide 1.183 and 10 CFR 50.67. The proposed changes do not modify
the design of the plant. The use of AST changes only the regulatory assumptions
regarding analytical treatment of the design basis accidents and has no direct effect
on the probability of any accident. The AST has been utilized in the analysis of
limiting design basis accidents as described in Attachment 1. The results of the
analyses, which include the proposed changes to the Technical Specifications,
demonstrate that the dose consequences of these limiting events are within the
regulatory limits.

The proposed full-implementation of an alternative source term at Salem Nuclear
generating Station Units 1 and 2 and the proposed changes to TS Sections 1.10 and
3/4.7.7 for Units I and 2 do not involve a change to structures, systems, or components
that would affect the probability of an accident previously evaluated in the Salem
Generating Station Updated Final safety Analysis Report (SGS-UFSAR).

The proposed changes involve increasing allowable ESF leakage to provide for
increased operational flexibility and eliminating credit for the Auxiliary Building Exhaust
Air Filtration System in a revised analysis of the radiological consequences of a loss-of-
coolant accident (LOCA) and also increasing the amount of inleakage into the control
room envelope assumed in a revised analysis of the radiological consequences of a

LOCA. The analysis of the effects of the proposed changes result in acceptable
radiological consequences for the design basis LOCA previously evaluated in SGS-
UFSAR Section 15.4.1. The revised analysis calculated offsite and control room operator
dose consequences using an alternative source term and following the guidance
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provided in Regulatory Guide 1.183. The results demonstrate that dose consequences

remain within acceptable limits (that is, the acceptance criteria specified in IOCFR50.67.

The table of results provided in Section 4.1 of this attachment contains the post-

LOCA dose results that were based on Calculation S-C-ZZ-MDC-1945. It can be

concluded from these results that with the changes proposed by this amendment

application, the calculated doses following a LOCA for the control room, exclusion

area boundary, and low population zone remain below the allowable regulatory limits.

Likewise, the tables of results provided In Sections 4.2 through 4.6 of this attachment

demonstrate that the calculated doses following non-LOCA accidents for the control

room, exclusion area boundary, and low population zone remain below the allowable

regulatory limits.

The ABVS filtration system is not modeled in the Salem Units 1 and 2 Probabilistic Risk.

Assessment (PRA). Thus, the changes requested for the ABVS filtration system do not

invalidate assumptions made In the Salem PRA and do not adversely impact the severe

accident management program.

Therefore, the proposed changes do 'not involve a significant increase in the probability

or consequences of an accident previously analyzed.

2) The proposed amendment does not create the possibility of a new or different

kind of accident from any accident previously evaluated.

There are no physical changes to the plant associated with this request, and the

plant conditions for which PSEG evaluated design-basis accidents remain valid. The

filtration system of the ABVS will be maintained in accordance with the UFSAR

surveillance requirements and its operation will be at the discretion of the operations

staff. The capability to place the filtration system in service is not modified by this

amendment request. Consequently, this proposal introduces no new failure modes.

The elimination of the 24 hours Action Statement related to ABVS filtration and the

relocation of the ABVS filtration surveillances to the Salem UFSAR meets the exclusion

criteria for Technical Specifications contained in 10 CFR 50.36 (c)(2)(ii). The relocation

of the filtration surveillances to the UFSAR maintains compliance with 10 CFR 20 and the

ODCM requirements.

The ABVS filtration system is not modeled in the Salem Units 1 and 2 Probabilistic Risk

Assessment (PRA). Thus, the changes requested for the ABVS filtration system do not

invalidate assumptions made in the Salem PRA and do not adversely impact the severe

accident management program.
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Therefore, the proposed changes do not create the possibility of a new or different kind

of accident.

3) The proposed amendment does not Involve a significant reduction In the margin of

safety.

The proposed implementation of the alternative source term methodology is consistent

with NRC Regulatory Guide 1.183. The technical Specification and UFSAR changes

result in operation in accordance with Regulatory guidelines and support the revisions to

the radiological analyses of the limiting design basis accidents. Conservative

methodologies, per the guidance of RG 1.183, have been used in performing the

accident analyses. The radiological consequences of these accidents are all within the

regulatory acceptance criteria associated with the use of the alternative source term

methodology.

The proposed changes continue to ensure that the doses at the exclusion area, low

population zone boundaries and in the control room are within the corresponding

regulatory limits of RG 1.183 and 10 CFR 50.67. The results of the ofisite and control

room dose calculations demonstrate that the consequences of the design basis events

are within the limits specified in IOCFR50.67 and the acceptance criteria identified in

Regulatory Guide 1.183. Acceptable margins of safety are inherent in the acceptance

criteria identified in the regulatory guide. Therefore, sufficient margin relative to

regulatory limits is maintained as a result of the revised analyses (see the tables of

results provided in sections 4.1 through 4.6 of this attachment).

The ABVS filtration system is not modeled in the Salem Units 1 and 2 Probabilistic Risk

Assessment (PRA). Thus, the changes requested for the ABVS filtration system do not

invalidate assumptions made in the Salem PRA and do not adversely impact the severe

accident management program.

Therefore, the proposed changes dc not involve a significant reduction in the margin

of safety.

Based on the above discussion, PSEG has determined that the proposed changes do not

involve a significant safety hazards consideration.
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7.0 Environmental Considerations

This amendment request proposes to modify the design basis source term according to
provisions set forth in 10 CFR 50.67, "Accident Source Term. Offsite or onsite radiation doses

have been calculated to be within the regulatory guidelines of RG 1.183. The proposed

amendment involves no significant hazard, no significant change in the types of effluents

that may be released offsite, and there is no significant increase in the individual or

cumulative occupational radiation exposure. Thus, this request causes no significant effect on
the environment This proposed amendment accordingly meets the eligibility criteria for

categorical exclusion set forth in 10 CFR 51.22(c)(9). In accordance with provisions of 10

CFR 51.22(b), no environmental impact statement or environmental assessment need be

prepared for this amendment
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21. "RADTRAD, Version 3.02: A Simplified Model for Radionuclide Transport and Removal and

Dose Estimation," NUREGICR-6604, Supplement 1, USNRC, June 8,1999
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DEFINITIONS

CONTAINMENT INTEGRITY

1.7 CONTAINMENT INTEGRITY shall exist when:

1.7.1 All penetrations required to be closed during accident conditions are either:

a. Capable of being closed by an OPERABLE containment automatic isolation
valve system, or

b. Closed by manual valves, blind flanges, or deactivated automatic valves secured
in their closed positions, except for valves that are open under administrative
control as permitted by Specification 3.6.3.1.

1.7.2 All equipment hatches are closed and sealed,

1.7.3 Each air lock is OPERABLE pursuant to Specification 3.6.1.3,

1.7.4 The containment leakage rates are within the limits of Specification 3.6.1.2, and

1.7.5 The sealing mechanism associated with each penetration (e.g., welds, bellows or 0-rings)
is OPERABLE.

1.8 NOT USED

CORE ALTERATION

1.9 CORE ALTERATION shall be the movement or manipulation of any component within the reactor
pressure vessel with the vessel head removed and fuel in the vessel. Suspension of CORE
ALTERATION shall not preclude completion of movement of a component to a safe conservative position.

CORE OPERATING LIMITS REPORT

1.9a The CORE OPERATING LIMITS REPORT (COLR) is the unit-specific document that provides
core operating limits for the current operating reload cycle. These cycle-specific core operating limits shall
be determined for each reload cycle in accordance with Specification 6.9.1.9. Unit operation within these
operating limits is addressed in individual specifications.

DOSE EQUIVALENT 1-131

1.10 DOSE EQUIVALENT 1-131 shall be that concentration of 1-131 (microcuries per gram) which alone
would produce the same thyroid dose as the quantity and isotopic mixture of 1-131, 1-132, 1-133, 1-134,
and 1-135 actually present. The thyroid dose conversion factors used for this calculation shall be those
listed in Table ll of TID 11811 "Calculation of Distance Factors for Power and TaRt Reactor Sites."
Federal Guidance Report No. 11 (FGR 11), "Limiting Values of Radionuclide Intake and Air
Concentration and Dose Conversion Factors for Inhalation, Submersion and Ingestion".

SALEM - UNIT I 1-2 Amendment No. 204



DEFINITIONS

E - AVERAGE DISINTEGRATION ENERGY

1.11 E shall be the average (weighted in proportion to the concentration of each radionuclide in the
reactor coolant at the time'of sampling)'of the sum of the average beta and gamma energies per
disintegration (in MeV) for isotopes, other than iodines, with half-lives greater than 15 minutes, making up
at least 95% of the total non-iodine activity in the coolant.

ENGINEERED SAFETY FEATURE RESPONSE TIME

1.12 The ENGINEERED SAFETY FEATURE RESPONSE TIME shall be that time interval from when the
monitored parameter exceeds its ESF actuation setpoint at the channel sensor until the ESF equipment is
capable of performing its safety function (i.e., the valves travel to their required positions, pump discharge
pressures reach their required values, etc.). Times shall include diesel generator starting and sequence
loading delays where applicable.

FREQUENCY NOTATION

1.13 The FREQUENCY NOTATION specified for the performance of Surveillance Requirements shall
correspond to the intervals defined in Table 1.2. '

FULLY WITHDRAWN

1.13a FULLY WITHDRAWN shall be the condition wh'ere control and/or shutdown banks are at a position
which is within the interval of 222 to 228 steps withdrawn, inclusive. FULLY WITHDRAWN will be
specified in the current reload analysis.

GASEOUS RADWASTE TREATMENT SYSTEM

1.14 A GASEOUS RADWASTE TREATMENT SYSTEM is any system designed and installed to reduce
radioactive gaseous effluents by collecting primary coolant system offgases from the primary system and
providing for delay or holdup for the purpose of reducing the total radioactivity prior to release to the
environment.

IDENTIFIED LEAKAGE

1.15 IDENTIFIED LEAKAGE shall be:

a. Leakage (except Reactor Coolant Pump Seal Water Injection) into closed systems, such
as pump seal or valve packing leaks that are captured and conducted to a sump or
collecting tank, or

SALEM - UNIT 1 1-3 Amendment No. X-8
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PLANT SYSTEMS

SURVEILLANCE REQUIREMENTS

4.7.7.1 The above required Auxiliary Building tsration Ventilation System shall be
demonstrated OPERABLE by:

a. At least once per 12 hours by verifying negative pressure In the Auxiliary
Building.

a~b. At least once per 31 days by starting each fan -intatig, from the control room,
flow-hrough the HEPA filter and charcoal nd verifying that thefilter
tain-and each fan operates for at least 15 minutes.

c. At least once per 18 months by verifying that the System starts following a
Safety Injection Test Signal.

b- At aonce per le months by: o (1) _fter any structural maintenance on the
HEPA filter or charcoal adsorber housings, or (2) following painting, fire or chemical
release in any ventilation zone communicating with the system, by:

1. Verifying that with the system operating at a Pow rate of 21,400 cfm i 10 % and
exhausting through the HEPA filters and charcoal adsorbers, the total bypass flow of the

veti ion system to the facility vent, including leakage through the ventlio system.
diverting valves, is ! 1% when the system is tested by admitting cold DOP at the system
Intak-

2. Wa'rifying that the charcoal adsorbers remove > PAPA of ahalogenated hydro~arbon

at-a- flw rate of 21,400 cfm i 10%.

3. Verifying that tho HEPA-filter banks remeve > 99% of tho D whe t are tested in-
place while operating the ventilation system at aoflowaf21400 cfm-410%.

4-Verifying-within 31 days after removI frcm the AIV unit, that a laboratory test of a
sample of the charcoal adsorber, when obtained in accordance withRegulatory Position

C.6-.b of Regulatory, Guide 1.52, Revision 2, March 4978, shows the mnethyl iodide
penetration less than 15.0% when teestd in accordance with A.ST D 1 t a
temperature of 300C, at a nominal face velocity of 71 ftWmin, and a relative humidity of

- _ w - j ^ _t__ . -S J ._!_ _ __ ._1 _ _ _ _ __st_ _

5. veritying a system flow rate of 21,100 ctm ± 10% during system operatio I

C After every 7_20 hour of charc_
from the ABV unit, that a laboral

_al adrber operation by verifying within 31 days after removal
ory analysis of a representative carbon sample, when obtained in

accordance with Regulatory Position G.t.b o? Regulatory Guide 1.52, Revision 2, March m.'8,
shows a methyl iodide penetration less than 15.0% when tested in accordance with ASTM
D3803 1989 at a temperature of 300C, at a nominal face velocity of 74 ftWmin, and a relative

L.-.;1;h,- rS~rof
flfffu~lty UT tD-ao,

SALEM - UNIT I 3/4 7-23 Amendment No. 245 I



PI ANT SYSTEMS

SURVEILLANCE REQUIREMENTS (Continued)

d. At least once per 18 monthsby:

1. Verifying that the pressur drparo the combined HEPA filters and nh~arromIadoier
banks is 1 inches Water Gauge while operating the ventilation system at a FPow rate of
21,400c fm ± 10%.

2. Verifying that tho air flow distribution Is u niform within 2%across H4EPA filters and
c-harco~al adsorbers.

A-. A~fter eahcomplete or parial repfa-,ementof a HEPA filterbank by, verify'ing tha;t the HEPA Qiter
ba.:nks- remomveg >- 9 o-A-Qf the- -DOP When they are tested in -place while operating the ventilation
system at a flow Fate of 21,1 00 GcM i 10Q%.

f. After each comploto or partial replacemont of a charcoal adsorber bank by verif,'ing that the
charcoal adsorbers rempove 9%oa halogenated hydrocarbon refrigerant test gas when theey,
are tested in place while operating the ventilation system at a Plow Fate of 21,100 ach +± 10%.

A . _ .............. ..... ....... _, ^ .. _ . . ... ^

NAILl U t -WII I A i1! 1!MAntlMART NO 11



PLANT SYSTEMS

BASES

The OPERABILITY of this system in conjunction with control room design provisions is based on
providing on limiting the radiation exposure to personnel occupying the control room to 5 rem or less
whole body, or its equivalent adequate radiation protection to permit access to and occupancy of
the Salem control room for the entire duration of the postulated accident, with no person in the
control room receiving radiation exposure that exceeds 5 RE1--rem TEDE. This limitation is
consistent with the requirements of.-eneral Design Criterion 19 of Appendix "A", 10 CFR S0.
Regulatory Guide 1.183.

3/4.7.7 AUXILIARY BUILDING EXHAUST AIR FILTRATIONVENTILATION SYSTEM

The Auxiliary Building Ventilation System (ABVS) consists of two major subsystems. They are designed to;
control Auxiliary Building temperature during normal and emergency modes of operation, to maintain
slightly negative pressure In the building to prevent unmonitored leakage out of the building and, to
contain Auxiliary Building airborne contamination during Loss of Coolant Accidents (LOCA).

The two subsystems are:

1. A once through filtration exhaust system, designed to contain particulate and gaseous contamination
and prevent it from being released from the building in accordance with 10CFR20 (no credit Is
taken for post-accident filtration), and

2. A once through air supply system, designed to deliver outside air into the building to maintain
building temperatures and negative pressure within acceptable limits. For the purposes of
satisfying the Technical Specification LCO, one supply fan must be administratively removed from
service such that the fan will not auto-start on an actuation signal; however, the supply fan must
be OPERABLE with the exception of this administrative control.

These systems operate during normal and emergency plant modes. Additionally, the system provides a flow
path for containment purge supply and exhaust during Modes 5 and 6.

Appropriate filtration surveillances are contained In the UFSAR Section 9.4.2A, Test and Inspections.

The ventilation exhaust system-consists of three 50% capacity fans that are powered from vital buses.
These fans exhaust fm a common plenum downstream from three High Efficiency Particulate Air (HERA)
VW -bankss, two of which, 11 & 12 can be interchangeably aligned to discharge to a single carbon adsorber
bed Fitr unit 11 is imnited in capacity and can only be aligned to the ECCS areas of the Auxiliary Building
for HEPA only or HEPA+ rbon modes of filtraton. Filter unit 12 can be used to ventilate the normal areas
of the Auxiliar;y Building in HEPA only, or when u-sed inGonjunction with 13, may be used to ventilate the
ECCS area s of the Auxiliary Building in HEPA + Carbon. Fe nit 13 does not communicate with the
carbon adsorber housing and is used for exhausting air from the normal areas of the Auxil iary Building during
any plant Mode or purging the Containment Building during Modes 5&6. The fans are designed for I
continuous operation, to control the Auxiliary Building pressure at -0.10" Water Gauge with respect to
atmosphere.

The ventilation supply system-consists of two 100% capacity fans that are powered from vital buses, and I
distribute outdoor air to the general areas and corridors of the building through associated ductwork.

SALEM - UNIT 1 B 3/4 7-5c Amendment No.228
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PLANT SYSTEMS

BASES

AUXILIARY BUILDING VENTILATION ALIGNMENT MATRIX

Init I1 from FCCS HEP A only, with
Unit 12 from Aux. Normal HEPA onl,: or

NORMAL VENTILATION (Normal plant operations)* I

I1n~t I1I frnvm RC HFPPA onnhe 'udth
Init 1I fra1m ALmv blorm h~lD n

Unit 1 2 from ECCR HEPA onlA rith
I ._______,Init 4 2 from Am ln=vlr l nhr -

Any two of the three exhaust fans and either of the two supply fans.

* The normal alignment is two exhaust fans and one supply fan. During cooler seasons, and with the
absence of the system heating coils, it may be required to limit the amount of colder outside air entering
the building. In this case, it is acceptable to secure both supply fans from operation and reduce the
number of operating exhaust fans to one. There is sufficient capacity with the single exhaust fan to
maintain the negative pressure within the auxiliary building boundary.

EMERGENCY VENTILATION (Emermency plant operations)

Unit 11 from ECCS HEPA + Unit 14, with
Unit 12 from Aux. Norma! HEPA only; or

Unit 11 from ECCS HEPA + Unit 14, with
LUnit 13 from Aux. Normal HEPA only; or

Unit 12 from FCCS HEPA + Unit 14 with
Unit 13 from Aux. Normal HEPA only; and

At least two of the three exhaust fans and either one of the two supply fans.

Note: During a Safety Injection (SI) all three exhaust fans and one of the supply fans will start. This is
acceptable and will maintain the boundary pressure while supplying the required cooling to the
building. Should access/egress become difficult with the three exhaust fans running, then-one of
the exhaust fans should be secured.

OPERABILITY of the Auxiliary Building exhausta iltra entilation System ensures that air,
which may contain radioactive materials leaked from ECCS equipment following a LOCA, is fitered-and
monitored prior to release from the plant via the plant vent. Operation of this system and the resultant effect
on offsite and control room doseage calculations was assumed in the accident analyses. Ly
of the carbon adsorber is performed in naccordance With ASTM DMR02 14989 with an acceptance criteria tha;t is
d~termin~ed hit a2nnhin a minimum safetW factor of :2 to thA charcoal filter removal efficiencv credited in the

_ _ -_ --- - r I - - - -; - . . .. . .. . . _

design basis dose analysis as specified in
Analysis Report (UFSAR) Section 9.4.2.

Wene ric Letter 99 02. ABVS is discussed in Updated Final Safety

3/4.7.8 SEALED SOURCE CONTAMINATION

The limitations on removable contamination for sources requiring leak testing, including alpha emitters, is
based on 10 CFR 70.39(c) limits for plutonium. This limitation will ensure that leakage from byproduct,
source, and special nuclear material sources will not exceed allowable intake values.
SALEM - UNIT 1 B 3/4 7-5d Amendment No. 245



DEFINITIONS

CONTAINMENT INTEGRITY

1.7 CONTAINMENT INTEGRITY shall exist when:

1.7.1 All penetrations required to be closed during accident conditions are either

a. Capable of being closed by an OPERABLE containment automatic isolation valve
system, or

b. Closed by manual valves, blind flanges, or deactivated automatic valves secured in
their closed positions, except for valves that are opened under administrative
control as permitted by Specification 3.6.3.1.

1.7.2 All equipment hatches are closed and sealed,

1.7.3 Each air lock is OPERABLE pursuant to Specification 3.6.1.3,

1.7.4 The containment leakage rates are within the limits of Specification 3.6.1.2, and

1.7.5 The sealing mechanism associated with each penetration (e.g., welds, bellows or 0-
rings) is OPERABLE.

1.8 NOT USED

CORE ALTERATION

1.9 CORE ALTERATION shall be the movement or manipulation of any component within the reactcr
pressure vessel with the vessel head removed and fuel in the vessel. Suspension cf CORE
ALTERATION shall not preclude completion of movement of a component to a safe conservative position.

CORE OPERATING LIMITS REPORT

1.9a The CORE OPERATING LIMITS REPORT (COLR) is the unit-specific document that provides core
operating limits for the current operating reload cycle. These cycle-specific core operating limits shall be
determined for each reload cycle in accordance with Specification 6.9.1.9. Unit operation within these
operating limits is addressed in individual specifications.

DOSE EQUIVALENT 1-131

1.10 DOSE EQUIVALENT 1-131 shall be that concentration of 1-131 (microcuries per gram) which
alone would produce the same thyroid dose as the quantity and isotopic mixture of 1-131,.1-132, 1-133, I-
134, and 1-135 actually present. The thyroid dose conversion factors used for this calculation shall be
those listed in TablI III of TID 118A11 UCalcultion of Distance Factors for Powver and Test Reactor
Sitee-Federal Guidance Report No. 11 (FGR 11), "Limiting Values of Radionuclide Intake and Air
Concentration and Dose Conversion Factors for Inhalation, Submersion and Ingestion".

SALEM - UNIT 2 1-2 Amendment No. 4|7



DEFINITIONS

E - AVERAGE DISINTEGRATION ENERGY

1.11 E shall be the average (weighted in proportion to the concentration of each radionuclide in the
reactor coolant at the time of sampling) of the sum of the average beta and gamma energies per
disintegration (in MeV) for isotopes, other than lodines, with half-lives greater than 15 minutes, making up
at least 95% of the total non-iodine activity in the coolant

ENGINEERED SAFETY FEATURE RESPONSE TIME

1.12 The ENGINEERED SAFETY FEATURE RESPONSE TIME shall be that time interval from when
the monitored parameter exceeds its ESF actuation setpoint at the channel sensor until the ESF
equipment is capable of performing its safety function (i.e., the valves travel to their required positions,
pump discharge pressures reach their required values, etc.). Times shall include diesel generator starting
and sequence loading delays where applicable.

FREQUENCY NOTATION

1.13 The FREQUENCY NOTATION specified for the performance of Surveillance Requirements shall
correspond to the intervals defined in Table 1.2.

FULLY WITHDRAWN

1.13a FULLY WITHDRAWN shall be the condition where control and/or shutdown banks are at a position
which is within the interval of 222 to 228 steps withdrawn, inclusive. FULLY WITHDRAWN will be
established by the current reload analysis.

GASEOUS RADWASTE TREATMENT SYSTEM

1.14 A GASEOUS RADWASTE TREATMENT SYSTEM is any system designed and installed to
reduce radioactive gaseous effluents by collecting primary coolant system offgases from the primary
system and providing for delay or holdup for the purpose of reducing the total radioactivity prior to release
to the environment.

IDENTIFIED LEAKAGE

1.15 IDENTIFIED LEAKAGE shall be:

a. Leakage (except Reactor Coolant Pump Seal Water Injection) into closed systems, such as pump
seal or valve packing leaks that are captured and conducted to a sump or collecting tank, or

SALEM - UNIT 2 1-3 Amendment No. 4|% 1
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PLANT SYSTEMS

3/4.7.7 AUXILIARY BUILDING EXHAUST AIR FILTRATION!VENTILATION SYSTEM

LIMITING CONDITION FOR OPERATION

3.7.7 At least one Auxiliary Building exhaust air HEPA filter train, associated with the one charcoal
adsorber bank, two supply fans, and three'exhaust fans shall be OPERABLE (*) to maintain the
Auxiliary Building at slightly negative pressure.

NOTE
The intermittent opening of the Auxiliary Building pressure boundary causing a loss of negative
pressure may be performed under administrative controls.

APPLICABILITY: MODES 1, 2, 3 and 1 At all times.

ACTION:

Modes I thru 4

a)With the above required HEPA filter train inoperable, restore the HEPA filter train to
OPERABLEtatu ithn21hor or bRin atleaY within the net6 hours andina
COLD SHUTADOT .A/l within the followipg 30 honur.

b)With the charcoal adsorber bank inoperable; restore the charcoal adsorbr bank to OPERA.BLE
status vWthin 21 hou or be in at st HOT STANDRY within the next 6- hollr and in COLD

II' ITDMAMI4 within the; following 30 hours.-

c)a) With one supply fan and/or one exhaust fan inoperable, restore the fan(s) to OPERABLE
status within 14 days or be in HOT S TANDBY within the next 6 hours and in COLD
SHUTDOWN within the following 30 hours.

b) With two supply and/or two exhaust fans inoperable restore at least one inoperable supply
and two exhaust fans to operable status within 24 hour. or be in HOT STANDBY within the
next 6 hours and in COLD SHUTDOWJ within the following 30 hours.

c) With the Auxiliary Building pressure not maintained slightly negative, restore the
building to slightly negative pressure within the next 4 hours or

d)Wth no suppcy fans operablebe in HOT STANDBY within the next 6 hours and in COLD
SHUTDOWN within the following 30 hours.

e)With no exhaust fans operable, be in HOT STANDBY within the next 6 hours and in COLD
SHUTDOWN within the following 30 hours.

During CORE ALTERATIONS

d) With the Auxiliary Building pressure not maintained slightly negative, restore the
Auxiliary Building to slightly negative pressure within the next 4 hours or suspend all
operations involving CORE ALTERATIONS.

At all times

e) With the Auxiliary Building pressure not maintained slightly negative, suspend all
operations Involving radioactive gaseous releases via the Auxiliary Building
immediately.

(*) One of the supply fans may be considered OPERABLE with its auto start circuit
administratively controlled (removed form service) to prevent more than one supply fan from
operating at any time.

SALEM- UNIT2 3/4 7-18 Amendment No.



'f z ! - ;" ;. I

PLANT SYSTEMS

SURVEILLANCE REQUIREMENTS

4.7.7 The above required Auxiliary Building exhaust air t entilation System shall be |
demonstrated OPERABLE:

a) At least once per 12 hours by verifying negative pressure In the Auxiliary Building.

a&b) At least once per 31 days by tintiatgtartIng each fan, from the control room, flow4hrough |
the HEPA filter and charcoal adsorber train and verifying that the filter train and each fan
operate for at least 15 minutes.

r-c) At least once per 18 months by verifying that the system starts following a Safety
Injection Test Signal.or (1) after any strctural maintenance on the HEPA filter or charcoal
adsorber housings, or (2) following painting, Are or chemical i ventilation zone
oni gith the system, by;

SALEM - UNIT 2 3/4 74819 Amendment No I



PLANT SYSTEMS

SURVEILLANCE REQUIREMENTS (Continued)

Verifying that ih eysteM op ting at a flov rate of 21,400 cfm ± 10 % and
exhausting through the HEPA filters and charcoal adsorbers, the tobypassflowof
the ventilation system to the facility vent, including leakage through the ventilation
system diverting valves, is less than or equal to IPA when the system is tested by
admitting cold DOP at the system intake.

2. Verifying that the charcoal adsorbers remove > 99% of a halogenated hydrocarbon
refrigerant test gas and- that the HEPA filter banks remove *- 99%A of the DOP when
they are tested in place using the test procedure guidance of Regulatory Positions
C.5.a, C.5.c and C.5.d of Regulatory Guide 1.52, Revision 2, March 1978 (except for
the provisions of ANSI N510 Sections 8 and 9), and the system flow rate is 21,100 cfm

3. Veorfying within 31 days after removal from the AB" unit, that a aboh-r~aton,' terst of a
sample of the charoaladsorber, when obtained in accordance with Regulatory
Position C.6.b of Regulatory Guide 1.52, Revision 2, March 1978, shows the methyl
iodide penetration loss than 15.0% when testedA1 in a;ccrdnav with ASTM D3803
1989 at a temperature of 300C, at a nominal fare valocity of 71 ft'min, and a relative
humidity of 95%.

4. Verify that the system fiowratA does not excsed4hdasign limit of 23,540 cfm (21,100
cfm 10%) when the HEPA Charcoal adsorbor filter train is aligned to the ECCS

c. After ever 720 hoursopratio y vefing within 31 days after
Fremoval from the ARV. unit, that a laboratory' analysis of a representative ca rbon sample,

h on _accrdance with Regulatory P on C. of Regulatory Guide 1.52,
Revision 2, March 1978, shows a methyl iodiceRation less than 15.0% when tested in
accordance with ASTM 03803 1989 at a temperature of 300C, at a nominal facs-velocity-o
71 ft'min, and a relative humidity of 95%.

d.At least once per 1 8 months by:

1. Verifying that the pressure drop acrosso the comb-ine-d HEPA Wilere and charconal
adsorber banks of less than 1 inches Water Gauge while operating the system at a
flow rate of 21,100 cfm + 10%.

LeEMfing that the system stats on a Safety Inection Test Sign19Al

SALEM -UNIT 2 3/14 7-1 9 A~mendmetnt hNo



Pi ANT SYSTEMS

SURVEILLA.NCE REQUIREMENTS (Continued)

A Afiter anch i
flittr b:;nks-
whieopera!

remove
t4 or'parial reptacement of a HEPA filter bank by verifying
e greater than or equal to 99% of the DOP when they are

-.- A -- A - El .. ..Z flA Af tf 5 * Ao0

llat the I-HEP
tested in-place

.1 -o.&;_
uifl mu bybwt1df d T5l 11w d UK L 01 ,100 ULfliI m IU7w.

f. After each complers
chrca a Drbers

3 or parial replacement of a charcoal adsorber bank by
-remove greater than or equal to 99% of a halogen:
when they are tested in place while operating the syster

-V
at
II-

,erifying that the.
Bdhyrocrbon
:Aa flowrv rah

4 ! _-, 4refrgerant testga
21,100 cfm ± 10%.
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PLANT SYSTEMS

BASES

The OPERABILITY of this system in conjunction with control rBoom design featuresprovisions is
basedprovides adequate radiation protection to permit access to and occupancy of the Salem
control room for the entire duration of the postulated accident with no person in the control room
receiving radiation exposure that exceeds 5 rem TEDE. on limiting the radiation exposure to
personnel occupying the control room to 5 rem or less whole body, or its equivalent. This limitation is
consistent with the requirements of General Design Criterion 19 of Appendix "A", 10 CFR Part
5GRegulatory Guide 1.183.

3/4.7.7 AUXILIARY BUILDING EXHAUST AIR FILTRATIONVENTILATION SYSTEM

The Auxiliary Building Ventilation System (ABVS) consists of two major subsystems. They are designed to
control Auxiliary Building temperature during normal and emergency modes of operation, to maintain
slightly negative pressure in the building to prevent unmonitored leakage out of the building and to
contain Auxiliary Building airborne contamination during Loss of Coolant Accidents (LOCA). The two
subsystems are:

1. A once through filtaton exhaust system, designed to contain particulate and gaseous contamination
and prevent it from being released from the building in accordance with 10CFR20 (no credit is
taken for post-accident filtration), and

2. A once through air supply system, designed to deliver outside air into the building to maintain
building temperatures and negative pressure within acceptable limits. For the purposes of
satisfying the Technical Specification LCO, one supply fan must be administratively removed from
service such that the fan will not auto-start on an actuation signal; however, the supply fan must
be OPERABLE with the exception of this administrative control.

These systems operate during normal and emergency plant modes. Additionally, the system provides a flow
path for containment purge supply and exhaust during Modes 5 and 6.

Appropriate filtration survellances are contained In the Updated Final Safety Analysis Report
(UFSAR) Section 9.4.2A, Test and Inspecticns.

The ventilation exhaust system-consists of three 50% capacity fans that are powered from vital buses.
hsa xh t fm a p inslate Air (EA)

Ater-banks, two of which, 21 E. 22 c b eangeably aligned to discharge to a single carbon adsorbor
bed. Filter unit 21 is limited in capacity and can only be aligned to the ECCS areas of the Auxiliary Building
for HEPA only or HEPACiltratin. Filtor unit 22 c-n be ued to ventilate the normal area
of the Axi~iar' Building in HEPA only, or when used in-condinn i ith 23, may be used to ventilatethe-
ECCS areas of the Auxliary Building in HEPA + Carbon. Filter unit 23 does not communicate with the carbon
adsorber housing an i ue f a ng air from the normal areas of the Auxiiary' Building during any

urging the Containment Building during Modesr 5&6. T he fans are designed for continuous
operation, to control the Auxiliary Building pressure at -0.10" Water Gauge with respect to atmosphere.

The ventilation supply system-consists of two 100% capacity fans that are powered from vital buses, and
distribute outdoor air to the general areas and corridors of the building through associated ductwork.
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PLANT SYSTEMS

BASES

3/4.7.7 AUXILIARY BUILDING EXHAUST AIR FILTRATION SYSTEM (cont'd)
3t,... ..

AUXILIARY BUILDING VENTILATION ALIGNMENT MATRIX
NORMAL VENTILATION (Normal Dlant operations)*

Unit 21 from ECCS HEPA only, with
Unit 22 from Aux. Normal HEPA only or

Unit 21 from ECCR HEPA only, with

___ '2#r~~ i, M .rm, _I ,,n, ,.

Unit 23 from Auex Normal HERAoy-ant'

Any two of the three exhaust fans and either of the two supply fans.

The normal alignment is two exhaust fans and one supply fan. During cooler seasons, and with the
absence of the system heating coils, it may be required to limit the amount of colder outside air entering
the building. In this case, i is acceptable to secure both supply fans from operation and reduce the
number of operating exhaust fans to one. There is sufficient capacity with the single exhaust fan to
maintain the negative pressure within the auxiliary building bounCery.

EMERGENCY VENTILATION (E-.ergencv plant operations)

Unit 2d from ECCS HEPA + Unit 21, with-
Unit 22 from Aux. Normal WEPA only; or -

Unit 21 from ECCS HEPA + Unit 21, with
Unit-23-from Aux. Normal HEPA only; or

Unit:22 from ECCS HEPA + Unit 21, with
Unit 23 from Aux. Normal HEPA only; and

At least two of the three exhaust fans and either one of the two supply fans.

Note: During a Safety Injection (SI) all three exhaust fans and one of the supply fans will start. This is
acceptable and will maintain the boundary pressure while supplying the required cooling to the building.
Should access/egress become difficult with the three exhaust fans running, theone of the exhaust fans
should be secured.

OPERABILITY of the Auxiliary Building exhaust air fltration eVentilation System ensures that air,
which may contain radioactive materials leaked from ECCS equipment following a LOCA, is filtered-and
monitored prior to release from the plant via the plant vent Operation of this system and the resultant effect
on offsite and control room doseage calculations was assumed in the accident analyses. Laboratory testing

fthe carbon adsorber is perormed in acrdanc with ASTAM 803- 1989with anacceptance criteria that-is
dete dbyapplying a minimum safety factor of 2 to the chhrcoal filt ncycredited in the
design basis dosealysis as specified in Gener ttr 990UpdatedFinal
AnaysisReport-(UFSAR) Section 9.4.2.
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