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Milistone Nuclear Power Station Unit No. 3
Response to Notice Reguest for Information
On The Recirculation Spray System

By letter datea February 3, 1998 the NRC Special Projects Office (SPO)
transmitted a request to provide information relating to the Design and Licensing
Bases of the Recirculation Spray System (RSS) This ietter and its enclosures
provide the information requested

An Integrated Safety Analysis has been performed on the Recirculation Spray
System using the Milistone Unit 3 Safety Evaluation Report (NUREG-1031)
issued by the Nuclear kegulatory Commission, as the basis Modifications to
the system that have been implemented since the issuance of the Safety
Evaluation Report have been evaluated individually and on an integrated basis
as they relate to the current RSS configuration The Integrated Safety Analysis
identified an Unreviewad Safety Question (USQ) associated with the
modification made in 1986 which eliminated direct injection to the RCS. Our
assessment has also concluded that the configuration of the Recirculation Spray
System, past and present, has historically been operable despite the 1986
change

In accordance with the guidance contained within Generic Letter ~ Revision
1. a license amendment request {0 support unit operations with tiv.. LLQ will be
provided prior to entry into Mode 4 The amendment request will be in the form

change for the Recirculation Spray System No Technica

\ changes are required to support tnis modificatior
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A review of the preliminary findings from the Independent Corrective Action
Verification Program (ICAVP) Tier 1 inspection conducted by the NRC and a
review of the notential Discrepancy Reports provided by the ICAVP Contractor
found no discrepant conditions, not yet addressed, that would call into cuestion
operability or functionality of the Recirculation Spray Syvetem These items will

pe reviewed in accordance with the criteria provided in the response to question

3 of the NRC's April 16, 1997 \etter pursuant to 10 CFR 50 54(f)

1 provides the responses to Questions 1 through 5 of your request A
roadmap s provided to allow easy alignment of the questions and answers A
portion of question 4, concerning training on modificaiions made to the
Recirculation Spray System, was Jiscussed in a public meeting on January 29
1998 at NRC Region 1 Headquarters

Enclosure 2 provides the response to Question 6 which requests information on
our program for compliance with Technical Specification 6 84 NNECO will be
1 comphance with this specification prior to entry into Mode 4

The outstanding issues with respect to the Recirculation Spray System will be
nciudea as part of the overall comprehensive, mode change assessment

process. Each item will be reviewed to assure compliance with the Design and
Licensing bases as it applies to the mode change being assessed

Should you have any questions regarding the information contained
please contact Mr. David A Smith at (860) 437-5840

Very truly yours

NORTHEAST NUCLEAR ENERGY COMPANY

7

e ————————

Martin L Bowling. Jr

>

Milistone Unit No. 2 - Recovery Officer




U S Nuclear Regulatory Commission
B17050\Page 3

H J Miller, Region | Administrator

S Dembek, NRC Project Manager, Millstone Unit No. 1

D G McDonald, Jr . NRC Senior Project Manager, Millstone Unit No 2
J W._Andersen, NRC Project Manager, Milistone Unit No 3

I A Easlick, Senior Resident Inspector, Millstone Unit No. 1

D P Beaulieu, Senior Resident Inspector, Millstone Unit No. 2

A C Cerne, Senior Resident Inspector. Millstone Unit No 3

W D Travers, PhD, Director, Special Projects Office
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Attachment 1

Regulatory Commitment Enclosure
List of Regulatory Commitments

The following table identifies those actions committed to by NNECO in this document
Any other actions discussed in the submittal represent intended or planned actions by
MNECO The Director - Regulatory Affairs or Manager - Regulatory Compliance Unit 3
should be notified of any questions regarding this document or any associated

reguiatory commitments

REGULATORY COMMITMENT | COMMITTED DATE OR

| OUTAGE
B17050-01 RWST Back-leakage Verification Prior to the next refueling outage
Test Procedures will be included in the Overa

Leakage Reduction Program prior to ithe next
'E’f\".)'.:) ’)E.] (_'u‘?.s.a_]("

B17050-02 RWST Backleakage tests will be Mode 4 from current
ompleted prior to entry into Mode 4

£

,

~

B17050-03° Operator Crews will be tested to Prior to the next refueling outage

show they can accomplish transfer from injection

maode to recirculation mode in less than 25

minutes

B17050-04 A Debris Transport Methodology wi

be developed and submitted to the NRC for
review by December 1, 1998

B17050-05 A FSAR Change containing a USQ

on RSS will be submitted to the NRC prior to

entry into Mode 4

Nt outage
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INTRODUCTION AND HISTORICAL OVERVIEW

This document provides a response to the request for information concerning the
~ontainment Recirculation Spray System (RSS) at ivllistone Unit 3, dated February 3
1998 Specifically, this report address2s the RSS and provides an overview of system
nistory, design and operational issues, plant licensing arnd dec gn basis re view, training
and integrated safety assessment relative

to the orignal NRC approved design
(NUREG 1031, July 1984)

1.1 Introduction and Summary

T

r

SS of Milistone Unit 3 is part of the E Safety Features

e Containment RSS
f

> which are designed to m tigate the consequences of a | f Coolant Accident
YA

he RSS system uses four pumps to recirculate water from the containment sump and
performs the following functions

Supplements the Quench Spray System (QSS

auring the early part of the

-A to depressurize the containment, and provides for long-term control of
containment pressure and temperature after QSS has completed its safety
f inct g

VIO

Provides the Ultimate Heat Sink for the Emergency Core Cooling function after

dieCt injection of the Refueling Water Storage Tank (RWST
terminated

nas been

Provides the long term iodine scavenging function from the containment
atmosphere after QSS is terminated following a large break LOCA
This system has undergone severa

~

modifications over the life of
MA

the plant. Tne
irpose of this report 1s to describe these modifications and how they have affected
system functionality ai«d complianca with re

- - ~ resy ~ - T . - b -
guiatory requirements. This Introduction and

Histonca ded to highiight the

Jverview section is inten

most significant issues and to
vide an overview of the report

Original Design

) the original desigr umed the folic
three phases of a L(

Injection Phase
4 "‘\7\‘2‘ PUMPS
Depressurization

gepressurize the c«




Cold Leg Recirculation Phase

When the Low-Low level in the Refueling Water Storage Tank is reached
~33min ), the following manual alignment was performed as directed by the
EOPs

2 RGS pumps remain aligned to the containment spray header

The other 2 RSS pumps were isolated fron: the spray header and realigned to
provide direct inection supply to the suction of the injectioin pumps as follows
2 RSS pumps S cammenenee> SUPPLly

2 Charging pumps --- e -==en=> 4 COId legs

2 Intermediate Pressure (SIH) pumps -----------> 4 cold legs
2 Cold Leg Direct Injection Paths ------essseeeeeeaa> 4 coId leQS

Hot Leg Recirculation Phase 3

Approximately 9 hours into a LNCA, injection is manually realigned to the hot
iegs to prevent boron precipitat:on as follows

2 RSS pumps remain aligned to Containment sprays

RSS pumps

2 Charging pumps «-==-sesseessmmmasmsamssancaneanannaa> 4 c0OId legs
2 Intermediate Pressure (SIH) pumps ------------> 4 hot legs

o AT M
|

2 Cold Leg Direct Injection Paths ---seeeeeeemeeeea> |SOLATED

-~

4 -~ r N ~ o . -
I HOt Leg wirect Injection Path «-eweee cneuenueaeea> 2 hOt legs

-~




Current (1998) Design

In the 1998 currert design, the RSS assumes the following configurations

durnng the three phases of a LOCA

Injection Phase

A

All 4 RSS pumps auto start approxirnately 11 minutes after a containment
Depressurization Actuation (CDA) signal and augment (

containment
Cold Leg Recirculation Phase

When the Low-Low level in the refueling water storage tank (RWST) is reached

» following manual alignment is performed in accordance with the

UMPS remain algnea to the containment spray header

5S pumps remain aligned to the containment spray header and
I to the suction of the injection pumps as follows

pumps . eeen -=-> Supply to

Jharging pumps ==-«==«-- ceemmamee : —emeeeeee> 4 COId l€QS

ntermediate pressure (SIH) pumps--- . : > 4 cold legs
Cold Leg Direct Injection paths «-==eesseeeccccmsccccanaeeeeae>  |solated

Hot Leg Recircula* »n Phase

Approximately © hours into the LOCA, injection is realigned to the hot legs to

A B A (4
prevent boror: pre

umps
NargiNng PUMpSs --«s«sseesuscscnas rmeeennee --> 4 cold legs

niermediate pressure (S , S——— N 0o

?’..

eg Direct Injecticn Pat e - Isolated

g Direct Injection Path ----ee--- rememmemmnaae > |solated

~




Historical Changes

1986 Elimination of Direct Injection

The issue driving this functional modification was observed vibration of the RSS
heat exchangcrs due to excessive flow. This phenomenon was discussed
during pre Jops testing in 1985 Waestinghouse analysis demonstrated that the
flow proviced by the two safety injection pumps and two charging pumps in the
recirculation phases was in excess of the flow required for core conling and
therefore, direct inje..tion from the RSS pumps into the cold (and hot) legs was
not required. Evaluation of injection flow after RSS direct injection elimination
dernonstrated accideni acceptance criteria were being met. RSS direct injection
was eliminated by revising Emergency Operating Procedures to require the
operators to close the direct injection flowpaths. However, provisions in the
Emergency Operating Procecures were retained to open the valves for direct
coid leQ injection as a contingency action if required

1991 Change of containment from subatmospheric to atmospheriz

orger (« illow for more expedient containment access auring power

operation, a change was processed and implemented in 1991 to change the
containment design from subatmospheric to near atmospheric. This change did
not alter system function as described in Section 1.3 above However, the
design basis of RSS was significantly changed. The initial design basis
applicable to subatmospheric containment, required that QSS and RSS bring
the containment pressure to subatmospheric conditions withun 1 hour after a
LOCA. The revised design basis, appiicable to an atmospheric containment
requires that QGS and RSS reduce containment pressure below 50% of peak

| . . p i D4 > Bar o A Thie . e
accident pressure within 24 hrs after a LOCA This change was

reviewed and
approved by the NRC in Amendment No 59 > No 76066) dated January
Pl 1:H’;,“

1996 - 1998 RSS Changes

During the current plant shutdown. a number of conditions were identified
which affect the RSS system d require corrective actions. The changes
mplemented to correct these conditions are described in Section 3 and 5 of this

report and fall into two distinct categories

Actions to restore systems and components to the level of reliability

expected in the original design These actions addressed various issues that

" prge - pu » - - ~ . ~ ~ 7\ ~ "™ T c - ~ - -
were present in the ornginal and subsequent designs nese 1ssues INciuge

- 18

ping quahfications, expansion joint qualification, sump restoration. ECCS |

ELUlLO 100PS

seal issues and RSS pump seal and testing issues
Changes which affect RSS system operation or performance There are

three changes of this type The first change installs RSS pump restrict

0
- T - g - - PR pe—— " . -~ o~ . - o -
onfices ne second change once again recognizes the
'd change increases the documente

rires ilatione
Circuiatio




Summary of 10 CFR 50.59 Review

This integrated safety assessment reviews the modifications, changes and
analysis used to support the RSS design from 1985 until 1998 These changes
were evaluated as to whether they affected the functionality of the design or
whether they restored or improved the original assumed reliability. The reviews
of the functional changes are described below
Elimination of direct injectionr changed an automatic safety function with no
operator action to a contingent safety function requiring operator action
Therefore this change could have increased the probability of malfunction
of equipment important to safety and is an Unreviewed Safety Question

The change in containment coerating pressure required a Technical
Specification change and received NRC review and approval prior to its
implementation. This change resulted in a relaxation of the containment
depressurization acceptance critena

RSS imp restnction ornfices were added to the system to eliminate the

pL
possibility of suction line flashing and potential water hammer. Although

his change significantly affected the system performance, the evaluation of
the impact of this change on malfunctions, accidents, and margin of safety
determined that there was not an Unreviewed Safety Question

The FSAR and supporting documentation are being changed to clearly
reflect the use of RSS direct injection as a means for mitigating certain
assumed limited passive failures in the design bases This ange does

not result in an Unreviewed Safety Question

The increase In required time to complete switchover to cold leg
recircuiation documents a change to the minimum time available for the
operators to complete switchover from the Injection Phase to the Cold Leg
Recirculation Phase. There is no change to the operator actions or to the

probability that the operators or the equipment will fail. This change does
not result in an Unreviewed Safety Question




Summary of Response to NRC Question

Question 1

Based on the 1986 operational change to the (RSS) and all the subseguent
modifications made during the current outage, please provide an integrated
safety assessment which compares the current system design to the onginal
NRC-approved RSS design This assessment should address significant
changes to analytical modeis and inputs used to calculate thermal-hydraulic
performance, containment pressure/temperature, and radiological dose
consequences of postulated accidents

Response his document provides the requested integrated safety
assessment of 1 RES design and modifications to the current configuration

Question 2

Based on the Iimited staff review of the 1986 operational change to the RSS
system, it appears that eliminating cold and hot leg direct injection resulted in a
reduction to the margin of safety. Please address this concern

Response: he review of the 1986 change which eliminated the RSS direct
njection path concludes that this change should have been considered an

Unreviewed Safety Question. Refer to Section 8
Question 3

Provide a description of each major RSS system modification and your
determination of whether an Unreviewed Safety Question exists

Response Sections 3 and 5 of this report describe each of the significant

modifications to the RSS system. Attachment 2 contains a listing and summary
of all design changes since the operating license was issued Other than the
elimination of direct injection in 1986, none of the other changes has resulted in
an Unreviewrd Safety Question

Question 4

Discuss the training received by operators on the modifications made to the
RSS system since plant was shutdown, as well as any new insights revealed by
the IPE for the current system configuration/operation

Res onse The training which has been received by the operators is
discussed in Section 7 of this report. In addition the information on training was
previously supplied during a public meeting on January 29, 1998 at NRC

1 HQ Section 6 describes how IPE incights were used in evall

mproving the redesign of the RSS




Juestion 5

Provide an evaluation of now operational issues rest
the RSS such as the vibration resulting from the

restricting orifices

f this report provides a discussion of the vibration
ng performed to assure the reliability of the RSS

Response Section 7 ¢
ssues and testing which s beil
No other operational issues were identified

Juestion 6
on of Technical Specification 6 8 4. describe the

With regard to the implementa’

methods by whicy leakage from the RSS and associated systems outside
containment will be controlied
dose consequences of postulated accident are within the plant's licensing

bases

and monitored to ensure that the radiological

Response This question is addressed in Enclosure 2




COMPARISON OF RSS ORIGINAL DESIGN TO THE CURRENT DESIGN

2.1 Original Design (Circa 1984)

The original RSS design supported both a subatmospheric containment and an
ECCS function. The RSS system performs a containment hect removal function
during the initial injection phase of an accident when ECCS pumps draw water
from the RWST The RSS system performs both a containment heat remova
function and an ECCS function during the recirculation phase of an accident
when the RWST

1s depleted and the containment sump is the only sourca of
water

(&)

2.1.1 Injection Phase

The injection phase of operation is actuated automatically on high-high
containment pressure. After approximately an 11 minute time delay to
allow the containment sump to fill, all four RSS pumps begin to
recircuiate water from the sump and discharge through their respective
coolers to the spray headers All RSS flow is initially directed to the RSS

spray heagers in the containment dome

n addition to containment spray, several pathways are available to
provide core cooling and makeup through the Em.rgency Core Cooliy
System (ECCS) as depicted in Figure 1A  Upon receipt of a safety
njection signal (SIS), the following pumps start and align to provide core
cooling and makeup from the RWST. one centrifugal charging pump
starts, one pump is already in operation, and both pumps inject into the
coid legs of all four Reactor Coolant System (RCS) loops. Two
intermediate head safety injection (SIH) pumps start. Once the RCS

-

burated water from the RWST and deliver it to the cold legs in al' four

Two residual heat removal (SIL) pumps start Once RCS

IS below the SIL pump shutoff head, they begin to inject intc
g
af

sl - A
W - \".ﬁ |«
pressure of the four sa

When the RCS pressure drops below the

S
ety injection accumuiator tanks, they aischarge

their contents into the four RCS cold legs

A

ction phase depends upon the nature and
A o I\ A - ’ a2l » o ~
When the RW water level drops to

-
pnase is giscontinue? and the coid le

en the

- £~

nutes

P b e 0
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manually closed and the flow fr the two associated RSS pumps is
directed to the two cold leg direct injection flowpaths, the two operating
charging pumps, and the two operating SIH pumps. The remaining two
RSS pumps continue to operate as before, with their discharge directed
to the spray headers (see Figure 1B) After the switchover to the

recirculation phase of operation is ccomplished, the system 8 in its

ac
basic configuratiun for long-term operation

2.1.3 Hot Leg Recirculation Phase (Two Path-Hot & Cold Leg)

In order to prevent boron precipitation following @ LOCA, one additional
realignment is performed at nine hours after the initiation of the accident
The SIH pumps are realigned to provide flow to all four RCS hot legs
The RGS pumps are aligned to one hot leg direct injection flow path
supplying flow to Loops 2 and 4 The charging pumps continue to
provide flow to the four cold legs, as before. The RSS cold leg direct
njection paths are isolated. This alignment is illustrated in Figure 1C

2.1.4 Basic Ferformance Parameters (Flow Rates, Timing, Operator
Actions)

18935 RSS Minmum ESF Flow Performance Data
Mode Spray Flow, gpm ECCS
Flow, gpm

njection
Coid Leg Recirculatio

Hot Leg Recirculation

Notes 0 3 eirculation ECCS W IS estimated (o be apg

”~ o~

culation eCCS flow

- -~ . A
m 7\3 '-.“.Brdt\\' A

\ ~thnne S e aleal Ta
/| Hons oumn d‘y

\L »

The RSS pumps start approximately 11 minutes following the receipt of
ontainment depressurization actuation) signal. During LBLOCA

SF, switchover to cold leg recirculation occurs

minutes following the accident The process

sombination

and automatic actions, and is controlled

| . B ire . ae rard
COIQ Ieq recirc U0 vas requireg to




Description of 1998 Design
2.2.1 Injection Phase

The Injection Phase alignment of the ¢
unchanged from the onginal 1985 alignment

Cold Leg Recirculation Phase

The Cold Leg Recirculation Phase operation of the system in 1998 is
similar to the .»“'.gwa 1985 alignment with two substantial changes Fin
the RSS pumps are not isolated from the containment spray header
when they are aligned to supply ECCS cooling These pumps wil
provide a dual function ECCS injection, as well as, containment spray
function. Second, the uirect injection paths from the RSS pumps to the

'
(2%

cold legs are isolated to prevent direct injection to prevent tube
vibratior The dircct injection, flow path remains available as a
contingency acton in the event that charging and SIH become
unavailable This alignment s depicted in Figure 2B and is controlied by

» EFOPSs

Hot Leg Recirculation Phase (Two Path-Hot & Cold L.eg)

The Hot Leg Recirculation Phase operation of the system the 1998
configuration differs from the onginal 1985 alignment in that 1) the RSS
pumps are not isolated from the containment spray header when they
re aligned to supoly ECCS cooling, and 2) the direct injection path from
the RSS pumps to the RCS hot leg i1s not opened The 1998 flow paths

are shown in Figure 2

Use of Direct Injection

Ihe direct injection paths of the RSS pumps to the cold legs are

availlable to the operators as contingencies for mitigating situations ir

which at least one SIH and one charging pump are not available

2( These situations could arise either as a result of multiple faill
solating certain limited passive failures in the ¢ The

ntinsar

0 gencies are controlied by the




225 Basic Performance Parameters (Flow Rates, Timing, Operator
Actions)

w Performance Data

Spray Flow, gpm ECCS Flow, gpm

403

11,
INteriocks

ation s

The 1998 switchover requires the

vaives, but it has eiiminated the closure
RSS pumps are required to provide bott

ir IS contro




3. DESCRIPTION OF CHANGES WHICH AFFECTED RSS SYSTEM OPERATION

3.1 1986 Elimination of Direct Injection Desigrn Change




3.3

’
he = $ rehed ug {0 ¢ vide recis i waler | na ter } re
nag a B mair 11, J."” ntainment oe¢ ‘ ress rat ’
The other significant aspect of the change ntainment operating pressure
Wat the ’(‘v » f new ('40'0‘ f + ne ¢ uQ 4 and [ » ""("' I3 | ’
Jiral plant gesigr J ind R were not nsigered o perform a fissiof
product removal functiot $ a result of the lainment pressure change
fission product removal 18 now a reauired function of bott systems ) be 18
now reo red ¢ ' ‘ vV W th the Provis ne f SR R ; ontainment I\y‘1‘
as 8 Fiss n Pr auct eanul ysten “6' y 18teq { ecember J N5 Per the
provisions of SRP 68 52 the Q R $ Credited with a decontamination factor
} {f 20 baseqg IPOT a at S LQ"‘ rMmeag ISING the methoag gy f
I " .'.'“ 5 ¢ ". = Al s ‘,," I rme ) ng tern figs n progu { retention
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Current RSS Modifications

1Y the wWIiNng erns were ientif.ed with the RSS desig potentia
for sust { e flas! ng gue 1| excessive fr Liona OSSes “.‘:t“ tLial for
rnexing at the sump inlets due t nagequate water ieve the sump aut |
stanug f the system, and potential for water hammer in the pump qaischarge
piping f WING & stop and restart of an R pump. 1The suction line flashing
anag water hammer 1SSUes were res €0 Dy Instaihing restniction orifices the
discharge of each K pump The issue of potentia voriexing at the sumi et
was resolved by lowering the nex grating by 12 inches
gecause flow to the RSS spray ! reduced by the RSS pump restrictior
fices, fifty percent of the RS nozzies were plugged in order {¢
aintair igequate pressure qarop a §S the spray nozzies This was als
reqQ t",' Mmait »‘_’ n( eq req spr 1y . | 't l' §i12¢€ ‘,glli" ¥ 0“: ‘{'J‘ 1"!_‘”. 3
effectiveness cxtensive analysis of the ntainment water showed that
the walter ieve the sump might be t w 10 prevent vonex ] at the sumig
sSuct niets f{ } SMall preak A sige the reactor cavity he vortex
Dreakers ated the sump were wered by e oot to resolve this potentia
ncert f jer 10 assure that the qualification of electr equipment inside
nta Y6 4 4[?, < ] rned the '1' ment spray < 0 va es re \
pen whe ine KoS [ Nnps are realigned to the ¢ The excess R [ 14
flow capacity above the flow required for the ' ang M pumps I1Is useg t
suppiement the ntainment spray -3 vided Dy the b ~ pumps
eqicateg t tainment spray
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4. ACCIDENT ANALYSIS - ASSESSMENT OF CHANGES SINCE NRC REVIEW
AND APPROVAL (CIRCA 1985)
hie sact [ jes a summary f the R perfor 3 ¢ 188 ed the sarety
Nalysis f the l" etearme nit ymtainment and na-tern re ) 'v' R&C
system is an Engineered Safeguards System that supports both an | S function as
well as the containment heat removal function
I he irrent modifications to the RSS system affected its performance and required
nplete re-analysis of the containment response to the design basie accidents TI
sUMMary 18 organize i in the foyrry f a qgenera omparisor f or(, ("\‘.,vv “‘JO\;-” TRl
at the ume when it was jinally put into service to the performance established ifter
the recent extensive modifications The safety functions that the system needs tc fulfil
W 1180 be a parnt of the mparise Refer to Figure 3 for a schematic showing the
cat f recent major R jasign modifications The safety functions of the RS
are ntainment heat removal after an a jent, long-term core cooling, reactor vesse
ventory ntrol of the borc acid ncentratior the vessel and long term i10dine
‘ pbing

t 4.1 Analysis Compuier Code/Design Inputs/Analytical
Models/Assumptions

4.1.1 Computer Codes/Analytical Mode's Used in the Safety
Analysis

L ]
t cva 3t iA\ je
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ne orgina o8¢ CLULUY analysis used the vwest .J"J.vf-(‘ 198 Lal e =) eax
nethodology 1990 the methodology was ungraded to include the
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SBLOCA NOTRUMP calculates the transien' depressurzation of
the RCS mass and enthaipy of the break
flow

LOCTA-IV core thermal analysis using the NOTRUMP
data)

Containment Analysis Model

LOCTIC Version 23, Level 02* (1985)
LOCTIC Version 23, Level 03** (1998)

*LOCTIC Version 23, Level 02, permits modeling of (1) two flow paths for the
RSS during ECCS injection phase, (2) one flow path for the RSS during sump
recircu'ation phase, (3) two Service Water flow paths to the RSS heat
exchangers during ECCS injection phase, and (4) one Service Water flow path
during sump racirculation phase Service Water flow and heat exchanger overall
heat transfer coefficient cannot be varied with time

**LOCTIC Version 23, Level 03 permits modeling of (1) four independent flow
paths for the RSS during ECCS injection phase, (2) two independent flow paths
for the RSS during sump recirculation phase, (3) four Service Water flow paths
to the kKSS heat exchangers during ECCS injection phase, and (4) two Service
Water flow paths during sump recirculation phase Service Water flow and heat
exchanger overall leat transfer coefficient can be vaned with time

4.1.2 Design Inputs/Assumptions used in the Safety Analysis

Pert r s

The input data in the ECCS analysis has undergune relatively minor changes
The changes to the input reflect mainly the change in the fuel composition, and
the increased operating pressure in the containment These changes had a
relatively small impact on the calculated peak cladding temperature The
modifications to the RSS did not impact the ECCS analysis since the RSS
provides a long-term ECCS function and has no impact on the calculated
maximum temperature in the core after an accident

Fuel Type Westinghouse STANDARD Assembly fuel (1985)
Westinghouse VANTAGE 5H fuel (1997)

Break Boundary Conditions Subatmospheric containment (1985)
Near-atmospheric containment (1997)

Containment Analysis

The containmerit analysis has undergone a major revision as a result of the
RSS modifications The RSS affects containment response by providing means
for the energy transfer from the sump to the ultimate heat sink, via the RSS heat
exchangers The RSS is also credited in the offsite dose reduction by reducing
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the pressure in the containment and by scrubbing the fission products from the
atmosphere The changes to the input include

¢ increase in the normal operating pressure (subatmospheric 10 near-
atmospheric containment),

reduced RSS flow rate (3900 gpm to 2200 gpm, per pump),

increased recirculation system fill time,

reduction in the RSS spray efficiency,

inclusion of +20 second RSS system timer tolerance,

a new decay heat mode! incorporating the 24-month fuel cycle,

no credit for the RSS spray (steam line breaks only),

new model of the debris transport to the sump,

heat exchanger tub:e fouling on the SW side,

increased containment mass inventory of heat sinks, and

increased hydrogen generation after a LOCA due to incraased zinc and
aluminum sources

There is no substantive change in the modeling of the containment passive
sinks  except for smal! additions of new heat sink inventory

4.2 Impact of the Reduced RSS Flow on Accident Analysis

421

422

Large Break LOCA Assessment

The peak clad temperature is not impacted by the modifications to the RSS
since it occurs prior to the RSS becoming active during the accident By the time
the RSS begins to spray the containment, the core temperature will have
peaked over due to the cooling from the safety injection. The peak cladding
temperature in the current cycle is 2054° F for the large break LOCA

Long-term cooling

For long-term recirculation from the sump, the RSS and ECCS systems provide
flow to the vessel in excess of the minimum required to remove the decay heat
ana replenish the inventory lost to boiloff in the core. The vendor analysis
(NSAL Letter NSAL 95-001, Minimum Cold Leg Recirculation Flow) shows that
at 30 minutes after shutdown at the time of the switchover to cold leg
recirculation, the vessel make up requirements are 531 gpm to due to the decay
heat, and 107 gpm due to extended boiling in the reactor vessel downcomer
and the lower plenum, for a total of 638 gpm

In the onginal design, one RSS pump deiivered 3950 gpm, feeding one
charging (CHS) pump, one high head safety injection (SiH) pump, and direct
injection to the coid legs. The excess injection spilled out of the break

In the modified design, one RSS pump delivers 2200 gpm, feeding one CHS
pump, one SIH pump and an RES spray header The flow split is 1100 gpm to
the spray header, and 1100 gpm combinea to the CHS and SIH pumps
Assuming that 275 gpm (25% of the 1100 gpm) i1s lost from the break and 531
gpm is needed for makeup, the minimum flow required for long-term cooling is
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424

425

913 gpm That still leaves 187 gpm of excess flow which goes to spillage The
modified alignmer.. will provide sufficient ECCS flow

Boron Precipitation Control

For boron precipitation control, the recirculation from the sump is spiit into the
coid legs and into the hot legs The vendor analysis shows that the minimum
flow required for boric acid flushing is 31 Ib/sec (225 gpm) into the cold legs
and 36 Ibs/sec (200 gpm) to the hot legs, for a total of 485 gpm

In the 1985 configuration, one RSS pump was capable of delivering
approximately 3850 gpm, which suppliec direct injection to the hot legs, the
suction side of the CHS pumps aligned to the cold legs, and the suction side of
the SIH pumps aligned to the hot legs This alignment provided adequate hot
leg fiow for boron precipitation control

In the modified gesign. the RSS pump sti! supplies the CHS and SIH pumps as
in the onginal desigr: 1100 gpm is injected by the SIH (580 gpm) and CHS (510
gpm) pumps. Given a worst case passive failure, one SIH pump is aligned for
hot leg injection and one cold leg direct injection pathway is aligned Hence,
boron precipitation control is maintained

Small Break LOCA Assessment

The limiting small break LOCA 1s a 3-inch diameter rupture of the RCS cold leg
Peak clad temperature is reached during the injection phase of the accident

The RSS pumps do not contribute to the ECCS flow in the injection phase and
therefore RSS changes do not impact the small break LOCA assessment

Peak Pressure and Temperature

The design basis accident for the maximum containment pressure is the double
ended rupture of a hot leg Assuming minimum engineered safeguards, the
revised peak calculated pressure is 38 40 psig and occurs 18 seconds after the
accident initiation. Therefore, the reducea RSS flow has no impact on the peak
containment pressure since the RSS will not start operating until about 11
minutes alter the accident.

A steam line break results in the highest containment temperature of any
postulated accident The limiting containment temperature is 336° F as a result
of the double-ended rupture of a steam line at 75% power The time of the peak
i$ 14 3econds after the break Therefore the reduced RSS flow has no impact
on the peak temperature.
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Containment Depressurization
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