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?"- MEMORANDUM FOR: Raymond F. Fraley, Executive Director
;. Advisory Committee on Reactor Safeguards
] FROM: Will1am J. Dircks ‘
. Executive Director for Operations
i . SUBJECT: 295TH ACRS MEETING (NOVEMBER 1-3, 1984)
i . FOLLOW-UP ITEMS
| REFERENCE: . Memo from R. Fraley to W. Dircks, subject as -
““ubove, dated December 4, 1984
!
i " The following information is provided in response to those specific 1tems in
: the referenced memorandum that pertain to NRR.
| 1. A:PS Report on Limerick Generating Station, Unit 1
The November 6, 1984 ACRS report stated that the NRC and industry
should continue to work to develop methods which can be used to
quantify seismic risk and to identify any seismic outliers which

might exist, The NRC staff currently has established an Ad Hoc
cormittee, composed of members from NRR and RES, to carry out 2
seismic design margin program. One of the purposes of this program
is to develop more precise means to determine seismic margins. This
effort is expected to be completed early in FY B6. The staff is
tentatively scheduled to give the appropriate ACRS subcormittees a
status report on this program on March 26, 1985, Additional reports
will be given thereafter, as appropriate, and the ACRS will have an
opportunity to comment prior to finalizing the resolution to this
fssue.
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The ACRS, in its report, also recommended that Limerick receive
special attention in the NRC staff's resolution of USI A-17 (Systems
Interactions in Nuclear Power Plants). The staff has reviewed the
Philadelphia Electric Company's effort to fdentify systems interaction
problem areas and has concluded that additional interaction studies

at Limerick would not be likely to yield improvements that would
result in a significant improvement in risk. The staff has considered
al] systems interaction studies performed to date, including the one
_for Limerick, as part of developing the resolution of USI A-17. Should
the generic resolution indicate the need for plant-specific actions,
the :taf! will provide specific criterfa and guidance as part of the
resolution. -
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5. Mitigation Studies Applicable to the Limerick Generating Station
The Research Development Association report on containment venting

cited in your letter has been given to the appropriate ACRS members
by the staff, r
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Executive Director for Operations
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Vo %, UNITED STATES
4 w NUCLEAR REGULATORY COMMISSION
! \ ) WASHINGTON, D. C. 20855

AT LA MAR 22 1985

MEMORANOUM FOR: Hugh L. Thompson, Director
Division of Licensing

James P. Knight, Acting Director
Division of Engineering

FROM: Themis P. Spefis, Director
Division of Safety Technology

SUBJECT: UNISOLATED LOCA OUTSIDE DRYWELL IN SHOREHAM

The enclosed draft report on unisolated LOCAs outside of the drywell in the
Shoreham reactor building is a scoping study to identify high-energy line
breaks that are important with respect to fsolation requirements. It
fdentified breaks in the RWCU, HPCI, and MSL drain lines as important.

This study used an upper bound assumption that the isolation valves in these
Tines do not work. The preliminary results of the analysis indicated that
the estimate of core-damage frequency for unisolated LOCA outside the drywel)
at Shoreham assuming that the fsclation valves failed to close upon demand

is about 2x10-%/reactor-year. If the isolation valves were assumed to close
upon demand, the estimate of the core-damage frequency would be about
4x10-7/reactor-year. These frequencies of core damage are predicated upon
the assumption that the condensate system can be used to mitigate the
consequences of an unisolable large LOCA, with an 80X success rate.

In order for RRAB to complete its review of this issue, it is necessary that

DL obtain adequate information from the applicant to support the operability

of the valves in the HPCI, RWCU and MSL drain )ines under pipe break conditions.
This information will need to be reviewed by DE to verify adequacy of the
valves' operability. The operability of the isolation valves is important

for putting these line breaks in the proper safety perspective.

For further information, contact E. Chow, RRAB, x24727.

Lo p

Themis P. Speis, Director
Division of Safety Technology

Enclosure:
As stated

cc: T. Novak

T

V. Noonan
R. Wright
R. Bernero
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An Evaluation of Unisolated LOCA Outside Drywel!l
in the Shoreham Nuclear Power Station

0. Ilberg
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Draft (for comments only)

Risk Evaluation Group
Department of Nuclear Energy
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PREFACE

This work was prepared for the NRC which requested it within a one man’
month time frame. This dictated the use of all readily available information
and refraining from physical analyses. Some of the phenomenological assump-
tions are approximate; hence, more accurate analysis may result in a somewhat
cifferent contriduticn to the ccre damage frequency for the medium LOCA cute
side the drywell (the major contribution to core damage frequency is this
study). Nevertheless, the fdentification of the relative hierarchy of con-
tridutors is believed to be reasonable.
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1. INTRODUCTION

1.1 Background
The sups-PRA(L) considered LOCA outside the Orywell (LOCA 1n the
gzztor Building) 1n two ways: '

2) Interfacing System LOCAs: Aopendix F of the SNPS-PRA estimates the initi-
ator frequency and the core damage frequency for this case. The BNL
review(2) of the Shoreham PRA re-evaluated the initiazor frequency as
well as the core damage f'roquanc,y. and found an in~-ease about an order of
magnitude of the core damage frequency. This result is included in the
present study, and for more details see Appendix C of Reference 2.

©) High energy line breaks inside the Reactor Building: The SNPS-PRA
included in 1ts analysis only pipes larger than 6 in. in diameter, on the
premise that, 1f not automatically isolated ample time is avaflable to
fsolate breaks in smaller lines before they cause adverse containment
conditions. The frequency of unisolated line breaks downstream of the
outboard isolation valve was calculated to be ralatively small, The BNL
review of this part agreed with the SNPS<PRA, as discussed in Appendix C
of Reference 2. In the SNPS-PRA and the BNL review, all the {solation
valves were assumed to be capadle of operating under a postulated break
and the resulting break-flow conditions; random failure to operate was
used in both studies.

.

It 1s shown in Reference 2 that interfacing system LOCAs are the major
contributor to LOCAs outside the drywell.

1.2 Objectives

This study 1s a special consideration of case (b) above stemming from the
assumption of the failure of the corresponding fsolation valves in the case of
a line break outside drywell. NRC requested BNL to re-evaluate the core
damage frequency from high energy line-breaks fnside the Reactor Building
(same as case (b) above) under the assumption that most of the fisolation
/alves are not qualified to close under break-fluw conditions, 1.e., assuming
1n2 “atlyre of most of the fsolation valves. Under this ass.nuiion, there 1s
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@ need to examine the rupture of any pipe (regardless of diameter) opening a’
path that leads from the Reactor Pressure Vessel (RPV) to the Reactor Bufild-
fng, for potential adverse environment or flood effects.

This assumption odviously increases the contribution of the high energy

1ing Dreaks to core camage frejuency and requires consideration of other inss
connected to the RPV of diameter < 6 in.

(a)

(v)

——

(d)
1.3

(a)

()

This stucy considers the following questions:

What would be the fncrease in core damage frequency due to the assumption
stated before, f.e., the failure of isolation valves to perform their
function?

What would be the contribution to core damage frequency from each pipe
connecting the RPV and the Keactor Building?

what 1solation valves would Dpe important for mitigating the outside
drywell LOCAs?

What 1s tne zharacteristic time avatlable for operator action?
Scope
The scupe of the BNL study was defined to cover the following:

To fdentify any significant(*) high energy 1ines leading from the RpPYV
to the Reactor Building with a potential for affecting safety systems, 1t
an unisolated oreak were postulated.

To estimate the change 1in SNPS core damage frequency relative to the
SNPS-PRA(L) and BNL review(2) due to the following assumptions on the
operation of isolation valves following the occurrence of a 1ine break:

F)Tho contribution from downstream moderate energy lines of a system was

neglected 1f it was smaller than the contribution of the 1ines upstream.



(1)

(2)

(3)

(4)

(5)
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The Main Steam Isolation Valves (Inboard and Outboard) on all four-
main steam lines will {solate in all the cases considered, having
the failure rates shown in Table 2 (discussed in Appendix A).

Al cneck valves will clese .on reverse flow as designed with the
“2i7ore rates shown in Tadle 2 (discussed in Appendix A).

All other isolation valves will fail to close when receiving their
signal to close. No partial closure is assumed for these valves.

Manual valves are assumed to be available for isolation if access-
ible by the operator.

Renote operated valves that do not receive automatic closure signals
upon sensing dreak conditions are identified. However, no credit is
given for thea in this study.

(¢) To provice the 1ist of the more important isolation valves from the
standpoint of reducing the core damage frequency.

(d) To provide some crude insights on the time available for the operator to
respond to such accidents.

1.4 General Description of the Problem Mvaluated

The Snorenam Reactor Building surrounds the MARK 11 containment structure
(the dryu011).‘ At 1ts Towest elevation (referred to here as Elevation 8), the
building 1s an open cylindrical compartment, 1.e., there:-are no barriers in
Elevation 8 compartments. This open area presents the possibility that
excessive water released into the compartment may adversely affect the ECCS
equipment fn Elevation 8. The SNPS Reactor Building has openings between fts
floors, and a line break at a high elevation will affect the entire reactor
building (see section 3.1 for more details). Figure 1 provides a genera
description of the SNPS Reactor Buflding Elevations.
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Figures 20and BPshow lines that connect the RPV to the Reactor Building.
and provide a potential path from the RPV to the volume of the Reactor Build-
ing in the event of a break with a failure of the pertinent isolation valves
to close. These figures do not show all isolation valves, but only those tha:
are: desfgnated as containment fsolation valves. In some cases, the mas:
lipsrtant peing tne RWCU, other valves are available to the operator for
renate line isolation from the control room; these valves are not shown in
Figsres 2 and 3.

A 1ist of the lines emerging from the RPV and some additional information
associated with these lines (sfze, type of isolation valves, and process or

standby line) is given in Table 8.1 of Appendix B (reproduced from the SNPS-
rsaz(3)),
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EVALUATION OF PIPE BREAK FREQUENCIES
section covers the evaluation of the frequencies of high and mod-
oreaks excluding interfacing LOCAs. The interfacing LOCAS

Appendix C of Reference 2 and the results are

considered 1n this BNL studv are listed

25 which are associated with General Design Criterion

.
U

Guide Tubes (GDC-57) are considered. All other lines referred to in Table B-1l

nis BNL study.(*) In addition, the Transversing Incore Probe (TIP) Drive

as GDC-56 or 57 are not connected to the RPY; they are mainly connected to the
Suppression Pool (the routing was rechecked).
The SNPS-FSAR(3) was the main source for determining the number of pi
nd valves or other discontinuities on each line. T
Pipe routing 1in the Reactor Building from Appendix
were used. They were compared with the system-specific drawings
the Jther FSAR chapters. The summary of this task is presented in

of this report.

evaluation of pipe break frequencies was made with the failure and

)i1ity data summarized in Table 1. The bases for the values shown in

are further discussed in Appendix A. The failure and unavailabil-

were used with the number of sections and valves or discontinuities
identified for each line, to compute the frequency of line breaks. The
sunmary of this task is presented in Table 2. An example of this computation

is shown in Appendix C.
The resuits of Table 2 were next grouped into seven different cases:

(a) Large Interfacing LOCAs (Liquid discharge through break)

f

Large LOCAs outside Drywell: (1) steam and (2)

%2
!

1quid discharg




Table 1

Summary of Failure and Unavailability
Data for Pipes and Valves

Failure Rate (Mean)

Break Non-Break
Component Failure Mode Exclusion Exclusion
$1.3z > 3 Rupture 8.6x10"** /nr 8.6x10%*Y /hr
(oer section)
Pipes < 3" Rupture 8.6x10-1%/pp 8.6x10°% /hr
(per section) .
Check Valves Severe Internal -- 3.3x10-3 /ypr
Leakage
Rupture 1.5x10-2% /pp 1.5x10*% /he
Motor Operated Failure to -- 8x10-%/4
Valves (MOV) Operate
(w/ command
faults)
Failure to - 6x10~? /d
Operate
(w/0 command)
faults)
Two MOVs (CMF) - 2x10-3 /4
Rupture | 1.5x107'%hr | 1.5x10-%/nr




TABLE 2 Estimated Frequencles of Breaks Outside Contalinment
N e
NER OF : INITIAL
BREAK S | v | _ISOLATION  VALYIS BREAK ESTIMATED DESCRIPTION OF THE CASE ANALYZED
BREAK  LOCATION Si E|A FL%: FREGUENCY
C | L | VALVES STEM OF BREAK
CASE T | Vv | DESIGNATORS PROBABILITY] OR LIQUID| OCCURRENCE
11¢E
01s
N
s j(*)
Main Steam 1821-A0V081 Break exclusion section and valve between Roactor
Line 1 24" 1 | 1| Inboard MSIV steam 5.0e-8 Bullding penetration and the outboard HS{V,
(Elevation 78),
1 24" 1 J 0| Inboard and steam 6.0E-9 * | Break exclusion section from outboard MSIV up to
Outboard the Jet-Impingement Barrier. (Elevation 73).
MSIV 1821~
_ADV082
Main feed- Break exclusion section and testable check valve
water Line 1 " 111 | Check Valve between reactor building penetration and the
FO0Z A/B steam 1.4¢-8 testable checkvalve., (Elevation 74),
Testable C.V, Break exclusion sections and 1821-MOVOISA/E froua
1 18" 31 1| 1821-A0V036 steam 7.8E-11 | testable check valve up to the Jet-lmpingem nt
A/B and C.V. Barrier (Elevation 78),
FOO2 A/B
High Pressure Break exclusior section and valve between Reactor
Coolant _la{ec- 1 10* 1| 1| IEAL-MOVO4] steam 2.1E-6 | Building ration and the outboard isolation
tion (HPCI valve IE4L-MOVOA2, (Elevation 66).
Steam Line
I 10* 6 | 6 | 1E41-MOVO4L steam” 1.46-6 | Non break exclusion sections and valves from
and 1EAL- outboard isolatfon valve up to WPC! turbine, §our
MOV042 openings (24 hrs each) per year of valve MOv-01’
are assumed. (Elevation 66 down to elevation 1/),
It " 7] 1/7] 1E41-MOVO48 steam 1.0e-3 Non Break exclusion sections and valves from
and Reactor Building penetrations up to the 1-1/."
1E41-MOV047 WPCI/RCIC drain line to condenser. Normally oo

path, (Elevation 66 down to elevation 11).

“* This includes all discontinuitics,

i.e.: valves, pumps, reducers and heat exchangers (see Appendix A).

ded
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BREAK  LOCATION

Interfacing LOCA:

- RHit Shutdown

Conling

RHR Head Spray

Line

-~ RUR/LPCI Injec.
Line to Recirc.
Lines

- LPCS Injection

Standbhy Liquid
Control (SC)

(AN

v

Control Rod
Prive (CRD)

TABLE 2 Estimated Frequencies of Breaks Outside Contaimment Cont'd,
NUMBER OF : INITIAL
BREAK| L S|v ISOLATION VALVES BREAK ESTIMATED DESCRIPTION OF THME CASE ANALYZCD
SIZE I E]A ASS FLOM: FREQUENCY
N C | L | VALVES FAILURE STEAN OF DBREAK
€ : : DESIGNATORS PROPABILITY] OR LIQUID| OCCURRENCE
S
0]s .
n(*)
S
2] 1]-]2]-- - Liquid
Al four interfacing LOCA cases estimated on the
Ll 1] -12] -- - Liquid basis of 0.02 for testable check valve unavall-
2.06-6 | anility times 10-® for spurious MOV opening and
24" 2l-12) -- -- Liquid 0.1 for probability of low pressure piping to fail
before isolation. See detall in reference 2
10" 2| -12 -- - Liquid (Elevation - 8 up to elevation - 87).
LO-FO08 and
1-172 11| 1] inboard C.V, 3.3e-3 Liquid 1.5¢6-8 Break exclusion section of the SLC (Elevation 112)
1-172 111} Foo? (3.3€-3)2 Liquid 1.0£-9 Hon break exclusfon section of SLC (Elevation
The above 112).
and Outboard
C.v. FOO6
1- 1.0 Liquid 1.0E-4 Scram Discharge Volume (SDV) header rupture. (Non
1-172 break exclusion). The pipe break froguency is
taken from NUREG-0803. (Elevation 74, 63 and 23).




TABLE 2 Estimated Frequencies of Breaks Outside Containment Cont'd.
AL, k3 NUBER OF : INITIAL
BREAK) L | S|V 1SOLATION VALVES BREAK ESTIMATED DESCRIPTION OF THE CASE ANALYZED
BREAK  IOCATION S12E 1 1E]A AS FLOMW: FREQUENCY
NjC L | VALVES FAILURE STEAM OF BREAK
CASE E | T | Vv | DESIGNATORS PROBABILITY| OR LIQUID| OCCURRENCE
S|I1]E

0ls

N (%)

S
Recirc-.‘;u.r;»
Seal Injection I 3/4 2232 1.0 Liquid 2.0e-7
Other 3/4 1tnes | 1 | 374 | 1| 20| 20| valves of the| 1.0 steam 1.86-3
Rranches from various sys- and
systea shown in tem shown in Liquid (A1l elevation)
this table tnis table
Sample Coolant | i
from RPY I 3/4 B A 1.0 Liquid 1.86-4
Reactor P-nsl i
Accident Sampl- i 374 11212 1.0 Liquid 1.86-4
ing systea (PASS)
TIP Drive Guide s
Tubes I 3/8 4 1 2| 2 |Ball valve 1.0 Liquid 1.06-5 (Elevation 60).
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The combined frequency in each group is shown in Table 3. Note that the-
LOCA frequencies of the large and medium breaks groups are dominated by tne
Tine breaks of a single system. For the 1iquid breaks, it is tne RWCU, anc
for the steam breaks, it is HPCI and MSL drain systems. In the latter case,
tne 10-in. WPCI line break has a frequency of 3.5x10-%, while 211 other line
preaks wnich contribute to the large LOCA steam line break have a frequency of
3% of that of HPCI. Similarly, in the case of the Main Steam Line (MSL) drain
oreak, its freguency is 92% while the RCIC break frequency is only about 8%.
Therefore, in the rest of this study, when discussing large or medium breaks,
only the line breaks of the dominating systems are included; namely, the HPCI
10-in. line break, the RWCU 6-in. and 3-in. line breaks, and the MSL drain
3-in. 1ine break.

The small steam line breaks are mainly due to HPCI and RCIC bypass line
oreaks (i1t is the case of a blowdown limited by the l-in. bypass line). This
will be referred to as the 1-in. line break even though the lines may be
larger in diameter. The small liquid 1ine breaks are represented in this BNL
study by the RWCU 3/4-in. branches, and by the CRD SDV header piping rupture
(reproducec from NUREG-0803(4)) which are about 1-1/2 in. equivalent dia-
meter,

Table 3 also includes, for each of the LOCA-outside-Drywell groups, the
Tiquid or steam break discharge flow rate at two different times:

(1) Initially, when the break occurs and flow rates are at their peak values,
and

(2) At about 30 minutes later after coolant injection is established, depres-
surization of the RPV is completed and operator takes control of the
injection according to procedures, keeping the core covered.

These flow rates values should be taken as crude estimates. They were
obtained from NEDO-24708(5) for the purpose of providing some indication of
the time available for operator diaygnosis and response. The NEDO-24708 report
provides this information for the entire spectrum of break size under con-

siderztion 1 this study.



3-1

3. ASSESSMINT OF MITIGATION CAPABILITY

In this section, the effects of LOCA outside the drywell are discussed
according to the three different groups: smali, medium, and large pipe brezxs
(see Tadle 3). Based on these effects, some insight on the time availadle #:-
mitigazion {s s~esented. The firss subsection provides general informazicn o-
adlarms availadle for diagnostics, containment sumps capacity and flooding
data, and some crude information on the containment atmosphere temperature
increase due to steam or satyrated liquid discharges. The next subsections
describe the mitigation conditions for small, large, and medium LOCAs outside
the drywell.

3.1 Reactor Building Information

3.1.1 Instrumentation for Diagnostics

The following instrumentation and alarms are available to alert the
operator in the case of a pipe break in the Reactor Building:

== Reactor Building vent.lation isolation alarm
== Reactor Building equipment sump level alarm in the vicinity of the break
-- Reactor Building floor drain sump level alarm

== Reactor Buiiding flooding alarm at elevation 8 (see additional descrip-
tion below)

-= Area radiation monftor alarms
== Reactor Building Standby Ventilation Exhaust high-radiation alarms

== Area high-temperature alarms on elevation 8 and on the floor where the
break occurs

-- Specific systems have their own break detection instrumentation such as
the RWCU, MSL drain, HPCI, and RCIC.

-- Reactor Building low differential pressure alarms,

Most of these alarms are also sensitive to a small break LOCA of about
3/4=in. diameter hut some set points will only be reached after about hal? an

na'Jrl



The Reactor Building (RB) water level at elevation 8 is detected by two-
RB level monitors installed on the RB floor. The flood alarms are activated
Dy the monitors when the water level is more than 0.5 inch above tre floor.
The sump alarms will be activated when the water level reaches the sump ala™
se:;oiﬁ:s 1astalled at a level just below the level that activates the B3
flood alarms, - Sump alarm sensors are installed at various locations in the
RB.

The area high temperature alarms include the following:

== RCIC and HPCI turbine steam line space high temperature (7 sensors
each). Isolation signal setpoint at 155°F (elevation 8)

-= RHR space high temperature alarm (6 sensors) with setpoint at 175°F (ele-
vation 38)

== RWCU space high temperature (18 sensors) isolation signal at 155°F (ele-
vation 112)

-- Main Steam line space high temperature (4 sensors per line) isolation
signal at 200°F (elevation 78).

-- Main steam tunnel containment penetration area high temperature (4 sen-
sors) located in the area of MSL drain lines. Isolation signal at
140°F.

3.1.2 Sump Pumps and Flooding Buildup Volumes

The open area of the elevation 8 floor is approximately 5,500 sq. ft.
. This area is the total floor area minus the area occupied by equipment founda-
tions, columns, drain tanks, etc. Based on this area, flood buildup on eleva-
tion 8 is 3400 gal/in.

The drainage capabilities at SNPS are:
-- Reactor Building Floor Sumps - 2490-gal capacity
-- Reactor Building Equipment Sumps - 1660-gal capacity

-- Reactor Building Porous Concrete Sumps - 500-gal capacity.



Table 3

Summary of Frequencies of LOCA Outside Drywell

Break Flow Condit,ons(*) Initiator
Initial After 30 Minutes Break Location Frequency
Initiator Stm/Liq 1b/sec Stm/Liq 1b/sec (Main Contributor) (Event/yr)
Large Size Breaks Steam 1400 Liquid 1200 wect(**) .~ 3,6E-6
(elevation 8')
$ > 6" Liquid 1200 Liquid 700 RWCU 9.6E-6
(elevation 112')
Total ¢ > 6 1.3E-5
Large Interfacing Liquid 1200 Liquid 700 LPCI/LPCS - 2.0E-6
LOCAs elevations 87" down to
$ > 6" 8'
Hedium Size Breaks Steam 120 Steam 60 MSL Drain l.OE-igﬁ
2" < ¢ < 4,3 Liquid 400 Liquid 250 RWCU " 1.5E-3
(elevations 112'-126")
Total 2 < ¢ < 4,3" 1.6E-3
Small Size Breaks Steam 10 Steam 5 Hec1/Rc1c(**) ~3,0E-3
(elevation 8')

p < 2" Liquid 25 Liquid 12 RWCU Branches ~1.5€-3
o (elevations 112'-15¢C")

Totdl ’ < 2. -‘QSE°3

(.)Approxilate crude estimates of steam or liquid discharge through break from NED0O-24708.

. .
( .)Brcak can occur between elevation 66 and 8, but the other break locations discharge throudh a pipe chase
to clevation 8.
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Tnese systems have a total sump capacity of 4650 gallons. The total sump.
pump capacity is 640 gpm, as follows:

== Four 50 gpm equipment drain sump pumps (elevation(") 9 ft)
-- Stx 50 gpm floor drain sump pumds - (elevation(*) g ft)
-- Two 20 gpm porous concrete sump pumps (elevation(®) 9 ft)
-=- One 100 gpm leakage return pump (elevation(*) 12 ft).

The leakage return pump is designed to process radioactive water. If the
floor drain sump pump indicators register radicactive material, all sump pumps
will isolate. The leakage return pump can then be manually activated by the
operator. In addition, only the leakage return pump is powered from onsite AC
power,

[t can bde inferred that if flooding is not arrested before it reaches the
1 ft level above the elevation 8 floor (elevation 9), the sump pump capacity
may drop from 600 gpm to 100 gpm. This corresponds to accumulation of about
42,000 gallons. Furthermore, since this study considers primary water
release, it is assumed that only the leakage return pump would be operating
(other sump pumps would be isolated). '

RCIC, HPCI, LPCI/RHR, and LPCS are all located at elevation 8. It is
assumed that they become disabled when witer reaches 4 ft (about 160,000
gallons) as stated in SNPS-PRA.(1)

3.1.3 (ontainment Atmosphere

The SNPS-FSAR(3) includes in Appendix 3C a few calculations of Reactor
Building temperatures for water and steam line breaks. Table 4 shows the re-
sults of one calculation for the discharge of 40,000 1b of saturated water at
RPYV normal power conditions out of a 4-in. line break at elevation 112 ft of

(')If water reaches this elevation, the pump is assumed to fail.
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Table 4 Reactor Building Témperaturcs at Several Elevations

Resulting from a 40,000, 1b. Discharge

Equilitrium
Initial Max imum
Reactor Building Temperature(™) Temperatures
tlevation ['Fj [°F] Comments
8'-0" 104 < 140
40'-0" . 148
63'-0" ’ 183
78'-7" - 194
112'-9" . 217 Break location at
112'. Outside the
pump room temp is
177°F
150" -9* . 148
175'-g" " < 132

~(*)  Reactor Building humidity changed from 50% initially to 100%.
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the Reactor Building. In this deterministic analysis, the break was assumed.
to de isolated by an RWCU isolation signal at 40 sec after initiation of the
break. This break results in less than 5,000 gal at elevation 3 or less than
1-1/2-in. water accumulation on that floor. It is seen from Table 4 that a
arezi of tnis size is rapidly affecting Reactor Building atmosphere condi-
e O

The other calculations reported in Appendix 3C of SNPS-FSAR(3) are

similar and lead to the assumption that conditions of 212°F in the Reactor
Building elevation 8 will occur under the following circumstances:

(1) A RWCU line break discharging more than 500,000 1b. This is approximate-
ly the amount discharged from a RWCU 3-in. line break in 15 minutes (5
minytes for a 6-in. line).

~

A MSL drain line discharging more than 100,000 1b of steam at RPV normal
power conditions. For a 3-in. MSL drain line break this will occur in
approximately 10 minutes.

(3) A RCIC/HPCI 1l-in. line discharging more than 15,000 1b of steam at RPV
normal power conditions directly to elevation 8(*). For a 1" line
break, this will occur in more than 25 minutes, and therefore 212°F con-
ditions at elevation 8 from these line breaks are not expected to
occur(™),

Temperatures higher than 140°F in elevation 8 can result when steam is
discharged directly to this elevation from a 1-in. RCIC or HPCI line continu-
~ously.

( ’RCIC and HPCI steam lines are enclosed in piping chase which protects
higher elevation against a stemm line break in these systems. However,
for most steam line breaks in higher elevations, steam will exit at eleva-
tion 8. -

(")The 15,000 1b discharge would cause the saturation conditions only if dis-

cnaryed during a very short time, which is not the case here.



3.1.4 Procedures

Given a LOCA outside containment, the SNPS procedures dictate rapid
manual depressurization of the RPV by the AJS. This action substantially
reduces the fiow rate through the break. If low pressure injection is pro-
(ized 2t atout 200 psi, break flow may beccme only about one-half of he
initial break flow.

Given an RB flooding alarm, the operator is required to:

-- Monitor RB level to determine the approximate leak rate, and to ascertain
the approximate location of the break (using additional sump alarms and
high area temperature alarm)

== Monitor parameters such as line pressures and flow rate of the safety
systems, as a leak may affect these system parameters

== If reguireu ancd plant conditions permit, dispatch an operator to the RB
floor to visually locate the source of leakage.

-- Isolate the break using the appropriate system procedure (HPC1, RCIC,
RHR, others).

3.2 A Small LOCA Qutside Drywell (< 1-1/2" Break Size)

3.2.1 Accident Conditions and Alarms

The description that follows is based on an analysis by NRC staff of a
pipe break equivalent to a 1.2-in. 1ine break. This is discussed in detail in
NUREG-0803.(4) The description in this section applies to small line
breaks, in general, and applies to the SNPS. It does not, in particular,
apply to SDV header pipe breaks to which the original discussion refers.

The break described is a water line break discharging 550 gpm (=~ 70
1b/s) initially. Tnhis is equivalent to a 1.2-in. line break discharging from
the RPV at 1032 psi conditions.

Several alarms are available to the operator as described in section
3.1.1 above. The most expected early alarms are from the Reactor Building
radiation monitors and from local area high temperature alarnms.
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NUREG-0803 cites a calculation for a typical BWR Reactor Building that.
shows a temperature rise to 110°F in 10 minutes and 140°F in 30 minutes for a
discharge of 550 gpm at RPV conditions. (This amounts to about 130,000 1>
over 30 minutes.) It may activate high temperature alarms if the set points
is 120°F, dut it will not isolzte HPCI or RCIC systems.

The SNPS sumps anc¢ flooding setpoints are low (see section 3.1.1), i.e.,
at 1/2-in. adbove floor level which corresponds to 2000 or 4000 gallons of
water accumulation. Therefore, the water accumulation at the 550 gpm flow
rate will cause Reactor Building sump and flood alarms to actuate within 5 to
10 minutes (assuming 35% flashing into steam, travel time through stairwells
and floors, and partial accumulation in equipment sumps (up tc 2,000 gallons).

3.2.2 Reac:ior Building Environment

The water released from the break will exceed the local drain sump capac-
ity, and some will flow to lower elevations through stairwells. Assuming that
only the leakage return pump is available.(') the accumulation of water at
elevation 8 would be less than 0.13 in./min i.e., it would take six hours to
reach the level that threatens ECCS equipment availability. Thus, ample time
is available for the operator to recognize the need to depressurize the
reactor and reduce breax flow. Note that Appendix 3C in the SNPS-FSAR states
that equipment 2long stairwells is protected against dripping of 212°F water.

During the initial blowdown, temperatures in the nearest area to the
break can reach 212°F. The Reactor Building tempcrature°1s expected to rise
significantly as shown in Table 4 for a discharge of 40,000 1bs of saturated
water at elevation 112 ft. This is a 10 minute discharge from the 1.2-in.
line break described here. While it may result in high Reactor Building
temperatures when discharged over a short period of time, it results in 110°F
in the Reactor Building if discharged during about 10 m{nutes (see section
3.2.1). However, the temperature in containment will continue to rise due to
the continued discharge through the break and may reach the 155°F RCIC/MPCI
isolation temperature after about one hour. The Reactor Building Standby
/entilation System (RBSVS) of SNPS has a heat removal capability of less than

"ingOwaste system tanks capacity allows for about one day accumulaticns of
untreated water at a 100 gpm pumping rate.
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5% of the heat discharged by a 1.2-in. line break, before reactor is
depressurized and the break flow is reduced.

3.2.3 Qperator Response

At Shoreham, the operator will have a flooding alarm and high Reactor
3.ilcing radiation alarm at about 10 minutes 2s discussed in the previous
section.

For a small LUCA outside drywell, with feedwater still operating when the
LOCA occurs, scram may not always occur immediately. Following the scram, the
operator will try to keep the normal feedwater injection and therefore keep
MSIV open. If the MSIV remains open (which is the more probable case), it may
take a while before the operator will notice the abnormally high feedwater
flow rate. It appears that the flooding and high r:actor building radiation
alarms will indicate that a small LOCA have occurred, and the increased
feedwater injection flow may be used for verification.

Therefore, it is expected that the operator will recognize a small break
LOCA in the reactor building within about 30 minutes after scram. Unless the
operator perceives a LOCA, he will depressurize the reactor at a rate of only
100°F per hour. In such a case it will take 4 hours to depressurize the
reactor to 100psi and reduce break flow by about a factor of 10. As seen in
section 3.2.2, four hours are available at SNPS, without flooding to elevation
12. However, in this case, the temperature in Reactor Building may reach
155°F or higher(*) between 1 and 2 hours and trip HPCI and RCIC, and most
probably require depressurization for low pressure injection. These events
would lead the operator to recognize the small LOCA outside containment with
very high probability, if he failed to recognize it during the first half
hour.

It should be noted that unlike the generic analysis on NUREG-0803, the -
authors believe that recognition of a small break LOCA outside drywell at SNPS
would be a high probability event mainly because of the improved arrangement
for flooding detection at elevation 8 (relative to the arrangement assumed in
NUREG-0803). High radiation and high temperature conditions in the reactor

("A GE énalysis estimates that the maximum bulk ?ngerature in the reactor
)

building would reach about 140°F (See NUREG-0803

-



building will enhance the probability of recognition. This BNL study assumed..
that it is most probable that manual depressurization of RPV to reduce flow
and enthalpy discharge through the break would take place a‘ter about 30
minutes to 1 hour into the accident.

Tne cepress.rization of the RPV may reduce flow rate and enthalpy of the
water discharged through the break to a level accommaodated by the sump pumps,
and may reverse the conditions in reactor building i.e., conditions may start
to improve. It is indicated tn NUREG-0803 that rupture of blowdown panels may
be required to establish a path for leakage of hot humid air to outside con-
tainment (which is larger than the “natural® 100% per day leakage rate from
reactor building), in order to improve the reactor building atmosphere condi-
tions and to allow safe operator entry. As shown in NUREG-0803, depressuriza-
tion reduces significantly the dose received by an operator entering the reac-
tor Suilding.

If an operator is required to enter the reactor building to isolate a
break, it can be done for a 1.2-in. line break with early depressurization
(and low primary water activity). It would be possible to stay for an hour,
and this seems to be sufficient for isolation purposes. Appendix 3C of SNPS-
FSAR considers 30 minutes to be sufficient time to walk through all SN?S ele-
vations, locate a break, and isolate it.

3.2.4 Estimation of Core Damage Frequency

The description of the event and the reactor buildiné conditions follow-
ing a small break LOCA outside drywell were discussed in the previous sec-
tions. These are now sunmarized in the form of an event tree in Figure 3, and
quantified. Feedwater and high pressure coolant injection are in general
available under the circumstances of small LOCA. ADS, LPCI and L7CS have very
Tow unavailabilities. The values for their quantification are taken from
Reference 2. The events that are differently quantified are: (1) the proba-
bility that at 30-60 minutes the operators take actions and complete rapid
manual depressurization, (Xy), and (2) the probadbility of controlling the
condensate flow {f required (V'''). The Xy=0.01 is taken basically from
"UREG-0303 where 5x10°? is used. The cifference between NUREG-2203 and BiL
values is due to the SKPS improved early flooding alarms which increase the

probability that the operator recognizes the LOCA outside the drywell and
follows the required depressurization procedure.
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The V'''=0.1 1s the common value used by BNL in Reference 2 for.
controlling condansate injection if sufficient time is availadle to the
operator (in our case 30 to 60 minutes). The V'''=0.02 includes a factor of
0.2 for the possibility that no damage to LPC1/LPCS will occur even under the
cirtumstances tnat the operator doés not depressurize the reactor early, but
ratner depressurizes it at 100°F per hour rate, for 4 hours or more. In sucn
a case NUREG-0803 indicates that entry to the reactor building may be delayed
for up to 20 hours. The LPCI/LPCS may survive the adverse environment in the
reactor building for such a period, because they are qualified to sustain
these conditions for at least several hours. A factor of 0.2 (compare Vi! on
Fig. 3) for the LPCI/LPCS availability apparently underestimate their
availability.

The event tree quantification yields a core damage frequency of about
1.1x10% per year for small LOCA outside the drywell, when it is assumed
tnat the motor operated isolation valves are failed.

Note that no distinction was made between steam and liquid breaks in the
case of the small LOCA. The calculated core damage frequency would not change
much if a distinction between liquid and steam break were made and apparently
the flow out of a steam line break would be smaller after deprcssurizatfon.

3.3 A large LOCA Outside Drywell (26" Break Size)

This case vas treated in the BNL SNPS-review(2), However, the assump-
tion in the present study is that HPCI and RWCU isolation valves would fail to
close.

Only HPCI 1ines were treated in Reference 2, and a LOCA frequency of
2.7x10%/year was obtained. If we postulate that the isolation valves fail
upon demand, a LOCA frequency of 3.5x10~%/year is obtained for the 10-in. HPCI
line break (see Table 2).

The 6-in. diameter RWCU line has three isolation valves inside the
drywell, Only one of them close automatically on sensing line break
conditions in the RWCU lines. In Table 3 when no credit is given to these
ralv 28 a breac fraguency of 9.5x10'5/yr is obtained as derived in Appendix C
of tnis report. In Raference 2, the three valves were considerea (having
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different isolation signals and one of them is of a different design), and, it
was estimated that their failure upon demand would be less than 2x10-“/d, and
the frequency of the 6in. RWCU line break would be about 10-%/year. Thus, in
Pef. 2 it was not further considered because the frequency of interfacing
svster LOCAs, was calculated to be 2x10-%/year (see Tables 2 and 2 of this
report for results and Ref. 2 for more details).

The interfacing LOCA frequency is also estimated in Reference 2. The
results are reproduced in Tables 2 and 3. This LOCA frequency does not change
under the specific assumptions of this report.

The total frequency of large LOCA outside the drywell assuming isolation
failure, and including interfacing LOCA becomes 1.5x10-5/year. When this is
used with the event tree of Ref, 2 (see Fig. 4), a core damage frequency of
3.0x10~8/yr is found. The 0.2 factor is the probability of operator failure
to control the condensate system pumps' flow to the RPV in the short time
available (about 10-15 minutes).

In the case of a large LOCA outside drywell, the discharge to containment
is about 1200 1b/s and saturation conditions in the bulk atmosphere of the
reactor building are reached within 5 to 10 minutes. The ECCS equipﬁont at
elevation 8 would be flooded in about 15 to 2% minutes (the latter number
corresponds to 35% flashing). Thus, it s obvious that no isolation is
possible, as it was also assumed in the SNPS-PRA and the BNL review for large
LOCA discharging saturated water or steam into the reactor building.

This core damage frequency of 3x10-%/yr is 7 times larger than that given
in Reference 2. This is because in Reference 2 the interfacing LOCAs were the
dominant contributors. They are dominant when credit to isolation valve
closure is considered.

3.4 A Medium LOCA Outside Drywell (2"¢< @ ¢ 4")

3.4,1 Accident Conditions Alarms and Operator Response

The most dominant case of the medium LOCA is the 3-in. RWCU line break as
shown in Table 2. The frequency of a RCIC 4-in. line break is s=2ll cecrpared
to the total negium LOCA frequency of 1.6110‘3/yr; the RWCU 4-in, line breax



7 I:b?i ozs..w V01 36)e)
ac.re:& sapuanbag 4p) weabeyg aaa] JuIal %ﬂ.
of‘! u
Al sse1 3 2"y _

Assery | Q-0 hT — 2
11]sseq) No.&.% :..?_..r(.

orx

1’0 4._ ~ A
| 50 e ~
%0 oA A ﬂa
| 0°1 ~
10 oi, AL10y
10 190,
VN
%0 190,
w
CL] L] TEL] wh WA 2 =5<
ejqeiouinp | (44 =y so,)) BOIVIO1$30 I BRAIVINOD
0409 AROINOIU) 1Mnd IS SOd 1230 VSN IONOD 1341 $2 JONSLNO
1o sse)) Vo0
WAMMIN IV M NOLIDINE ANV WYY VOl Yaw)




3-14

frequency is significant but the sections considered are relatively downstream
and estimated to be 1/4 of the total RWCU break frequency, whereas the other
3/4 are for 3-in. line break or less. Thus, our discussion in this section
refers to a 3-in. RWCU line break.

The RWCU is located at elevation 112 ft to 150 ft. At 150 ft the demin-
eralizers are located, which process water at low pressure and 2t about 125°F
and, therefore, not considered. Thus, the break location of significance can
occur at the 112 ft or 126 ft elevations. On these elevations, the line are
enclosed within concrete shields providing physical separation from all safety
related equipment (see App. 3C of the SNPS-FSAR).

Table 4 present the approximate temperatures in the reactor building fol-
lowing a RWCU 4-in. line break at elevation 112 ft in the RWCU pumps room. It
is estimated tnat about 10 times the amount discharged in that case, i.e.
£30,000 1b, would result in saturation conditions in the reactor building.
This will take about 20 minutes if the flow rate of Table 3 (400 1b/s) is
assumed. It apparently will take longer because of the decrease expected in
the brenk'flow due to depressurization after a few minutes (up to 10 minutes).

It is expected that the blowdown from the break will cause immediate MSIV
closure and loss of the feedwater system. In about 10 minutes or less, the
temperature at elevation 8 will reach 155°F and trip the RCIC and HPCI, which
started a few minutes before that on low level (L2). Therefore, in this case,
it is immaterial whether the operator depressurizes the RPV, because early
automatic ADS actuation is expected for this case.

The water discharged during the first 10 minutes would fiash ("35%) and
the remainder (about 20,000 gallons) will cascade through the stairwells to
elevation 8. Appendix 3C of the SNPS-FSAR considers this effects and states
that no safety system would be affected. This accumulation is equivalent to
0.5 ft and will result in flooding alarm ir. the control room.

The radiation and temperature alarms are expected to be on in many areas
of the reactor building. Therefore, it is believed that the situation of LOCA
outside drywell and the reactor building adverse conditions and flooding would
ce recognized with high probability within the first 10 minutes. Earlier
recognition of the LOCA and depressurization of the RPV would not change
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much the progress of this accicent sequence. However, if operators fail to.
recognize the event and follow the procedures (which call for keeping RPV at
low pressure and controlling the injection flow), then the reactor building
conditions may severely deteriorate.

Tne depressurization would appcreﬁtly happen at about 10 minutes. Then
tne LPCI, LPCS and condensate numps, may all inject water to the PRY, and dis-
charge a largs amount of hot water through the break. While this hot water
would have less enthalpy than the saturated water Jdischarged during the first
10 minutes, it has flooding potential because of its high flow rate. Flooding
may occur in an additional 30 minutes if the flow rate to the RPY is not
reduced by keeping it at the lowest possible pressure without uncovering the
core. This is the operator action specifically required for the case of
meziun LOCA outside the drywell. In such a case LPCI/LPCS may maintain core
cooling for long period and condensate would not be needed until several hours
fnts the accident.

3.4.2 Estimation of Core Damage Freguencies

The estimation of core damage frequency for the case of a medium LOCA
outside drywell is shown in the event tree in Figure 5.

The initiating event does not distinguish between water or steam line
brezks. Thay are considered similar because even though the steam discharge
through the break is smaller, the impact on containment atmosphere temperature
and pressure is about 5 times higher for a steam line break than for the case
of a similar size water 1ine break,

In the long run, after the RPV is depressurized, the flow out of a steam
break may be significantly smaller if the core is not flooded so that water i:
discharged through the break. If the water level is kept below level 8 (L8),
then the steam flow out of the break is expected to be relatively small.
Thus, it may not te sufficient to create flooding sufficient to damage the
ECCS equipment.

The liquid line break is therefore the dominating case. Thus, the event
@ starts with the madium LOCA frequency from Table 3. The feedwater and
C/HPCl are assunred to be unavailable. Depressurization by ADS is



S-341 = §°)°L

121 »wm™ NsQ Qsh ﬁs e ﬂ l:wﬂz
\ﬂ..lawu...% fyyvaem —.VH b.\ “weid ﬂc..a ooh.P w‘d\.w N ml.dba n.h—

-3l

L~3%°1

9-36°%

9-39%

39y

&»&... SRR |

unfs,d

2407

-39
¢e 0)
%-39
1o 0l )
509
-39
30 00—
0Q o
Sbo ]|
Y "A | wAA] X | [ Y7y
warp s Juiy [ nanparergl 19¥) o *)av)rony 4;u>3u,c. «ﬁ.ﬁﬁ.ﬂ
Jmny seodped| 5247 SOY| »1»vy , b
2]934pue) s-.-zscp /1247 Nu.t..n—. \th Nyepaps ) w iy by




3-17

considered to occur at about 10 minutes into the sequence. The low pressure-
fnjection systems will start to flood the core. Therefore, operator action to
control the injection flow rate is needed to reduce the impact on the reactor
building and gain time before the condensate system would be required. If
the operator recognizes the need to conirol the injection, then the condensate
system pumps will also pe controlled at a later time with a higher reliabil-
fty. If the operator fails to control the injection, less time will be availe-
able to control the condensate pumps injection because they may be needed at
about 10 minutes into the accident.

The values used for the probability of successful operator action are
thought to be on the conservative side given the time estimated to be avail-
able. Therefore, the core damage frequency for medium LOCA outside drywell
may be smaller than 1.4x10°% for the case that no credit is given for RWCU
fsolation valves. On the other hand, the phenomenological assumptions used
may not be realistic and may underestimate the break-flow and Reactor Building
conditions, so that less time will be available for operator corrective action
than assumed above.
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4. SUMMARY .

The BNL review(2) of SNPS-PRA estimated a core damage frequency of
4.2x10°7 for LOCA outside the drywell im the SNPS; this is mainly due to
interfacing system LOCAs. In this study, an additional assumpiion was
int=2guzed at NRC request: namely, that isolation valves would de treated as
fz2iling to close upon demand. The only exceptions to this assumption are the
MSIVs and check valves. The effect of this assumption is shown in Table 5.
It is seen that the core damage frequency increased by a factor of almost 50.
The leading contribution comes from medium LOCA outside the drywell; in par-
ticular, the RWCU 3-in. line break is seen to be the most important (see Table
3).

Tacle § Core Damage Freguencies for Unisolated LOCA Outside Drywell

Class V Core Damage Frequency
| 1solation valves
Isolation Valves Assumed| Assumed to Fail to
to Close on Demand Close on Demand
Initiator (from BNL Reference 2) (from this analysis)
Interfacing LOCA . 4.0 E-7 4.0 E-7
Large LOCA Qutside Drywell 2.0 E-8 2.5 E-6
Medium LOCA Outside Drywell - 1.4 E-5
Small Loca Qutside Drywe!l -- 1.1 E-6
Tot“ 402 E'7 1-3 E's

Table 2 provides the information on the most important isolation valves
whose failures contribute to the results of Table 5. RWCU isolation valves
are the most. important. Next, but by far less important, are HPCI and MSL
drain isolation valves.
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Tables 3 and 5 show that under the assumptions used in this study, the
core damage frequency from LOCA outside drywell is dominated by the RWCU
meciym LOCA breaks. Also, the large LOCA contridbution comes mainly from the
RWCU system. Therefore, it should be noted that beside the inboard and out-
T2z7¢ containment isolation valves, the RWCU also has two additional isolation
+é. &S Lhat a0 not receive an automatic signal to close when a line break
ciurs and are available for timely remote closure. This action can be taken
half an hour after initiation of the accident when the reactor is depressu-
rized, and bdefore the loss of low pressure injection.
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Appendix A

Pipes and Valves Failure Rates

A.1 Pipe Rupture

The main data sources used for érobaoility of pipe ruptures were thea
Reactor Safety Study(®) (RSS) and the EPRI-NP-438 report(?).  1In the
Reactor Safety Study, nipe rupture rates are based on the large amount of data
prior to 1973. The EPRI report includes data for an additional two years.
Even though it does not change the RSS results on pipe break rates, it provides
more 1{nsights on the failure mechanisms lezading to pipe breaks, mainly
vibrations and pressure surges. It also points out that expansion joints and
reducers may be at locations more susceptible to breaks. In the BNL study,
reducers and valves were considered as rupture locations, in addition to pipe
sections.

The SNPS-PRA(L) uses the RSS data for pipe breaks. However, it distine
guishes between pipe sections which are “Break Exclusion," i.e., are designed
to criteria provided in Appendix 3C of SNPS-FSAR(3), which basically allow
for larger design margins and higher quality control of these sections. These
increased margins are assumed by SNPS to reduce the failure rate of these sec-
tions by a factor of 10. BNL accepted this Lssumption, and the basic values
used in the study are similar to the SNPS-PRA and are summarized in Table A.l
below.



Table A.1

Pipe Rupture Rates

Computational tMean |
Assessed Ranqge e

: (non break-exclusion Computational Break Hon-Break
Component pipes) Median Exclusion Exclusion
Pipes > 3° dia. 3x10-12 - 3x10-%/hr 1x10-19/hr 8.6x10- 11 /hr 8.6x10-'9/hr
per section
Pipes £ 3" dia 3x10-'1 - 3x10-%/hr 1x10-3/hr 8.6x10"1%hr 8.6x10-%/hr
per section




The pipe rupture data of the RSS is applied section by section, where 2
section is defined (RSS, page II1I-41) as follows:

A section is an average length between major discontinuities such as
valves, pumps, etc. (approximately 10 to 100 ft). Each section can
inzlude seve~2] walds, elbows, and flanges.

in this study, piping was alsc divided into sections where discontinuities
were considerad to be:

-= Valves

-= Reducers

== Pumps

-- Heat Exchangers

Apoendix C presents the details of the pipings and their division into
sections.

A.2 Valve Failure Rates

The main sources used for valve rupture or excessive leakage failure rates
were the Reacter Safety Study(5) and NUREG/CR-1363 report(a). The values
of the NUREG/CR-1363 evaluation are about a factor of three higher than those
~ in the RSS (see Tadle A.2 for comparison). However, the NUREG evaluation
includes also small leakages such as from packing failure. Similarly, the
internal leakage rate of check valves given in the NUREG evaluation includes
many small leakages whicn are just violations of the Technical Specifications
limits, and too small to be considered in this study.

The NUREG/CR-1363 evaluation reports about 130 LERs under the title of
“External Leakage/Rupture.” However, no case of valve external rupture has
occurred. SNPS-PRA(L) estimated from this list that a value of 1/18 may be
used to modify the RSS rupture rate to better represent severe rupture of
valves. This value of 1/18 is also used in this study.

Based on the above, the BNL study essentially adopted the SNPS-PRA
approach, i.e.:



Table A.2 Valve Rupture or Excessive Leakage Rates

Computational Mean
Assessed Break Non-Break
Component!| Source Failure Mode _ Range Exclusion |Exclusion
(he=t) (he=t] Che=1]
Check RSS Internal Leak- [10-7 - 10-6| ... 3.8x10~7
Valves age (Severe)
NUREG/CR- Internal Leak- - . 1x10-6
1363 age (all sizes)
Check RSS Rupture 10-% - 10-7| 2.7x10-? 2.7x10-8
Valves
and
Motor NURZG/CR=- External - 7x10-2 7x10-8
Operated 1363 Leakage/
Valves Rupture




Table A.3 Motor Operated Valves Failure Rates

Opening

Value
sed in
Component Source Failure Mode Assessed Range Mean Value BHL Study
BT — i
RSS Failure to Ix10-* - 3x10-3/d 1.3x10-3/4 -
operate
Motor (include
command )
Operated
Valves NUREG/CR- Failure to —- 8x10-3/d 8x10-3/4d
1363 operate
(1ov) (for BWRs) (include
command )
NUREG/CR- Failure to - 6x10-3/d 6x10-3/d
1363 operate
(for BWRs ) (w/o command)
Command Failure .- 2x10-3/4 2x10-3/d
Failure of of Inboard and
Both MOVs Outboard MOVs
(Inboard and
Outboard)
Oconee MOV — 10~y
PRA(g) Spurious




Table A-4 A Comparison of Frequencies of Loss of Coolant Accidents

RSS EPRI-NP-438 SNPS-PRA
LOCA
Pipe Break Mean Al Sensitive Mean . This Study:
Diameter 90% LOCA Pipes Pinast’) LOCA LOCA Outside
(Inch) Range Frequencies (Mean) Hegn Frequencies Drywell
Small LOCA 1x10° - 1x10-2 | 2.7x10-3 -10-2 8x10-3 8x10-? 5x10-3
172" - 2"
Medium LOCA || 3x10-% - 3x10-% | 8x10-" --- 3x10-3 3x10-3 1.6x10-3
2° - ¢*
Large LOCA || 1x10°% - 1103 | 2.7x10°* -1x10-? 7x10-* 7x10-* 3.5x10-5(**)
> 6"

(*}i¢ is assumed that 10% of plant piping are LOCA sensitive pipes.(Ref.1)
-
¥ )Tne large diameter pipes are “break-exclusion” and are assumed to have 1/10 of the RSS rupture rate.




(1) Use of RSS failure rates for valves.
(2) Apply a modifying factor of 1/18 to the RSS valve rupture data.

(3) Distinguish between valves which are in the break exclusion zone and those
which are not. A factor of 1/10 -is applied to the rupture rates of the
sreek-exclusion valves, similarly to the factor appliec to the pipe
section they are located on.

To summarize, the value used for valve failure rates were:
check valve internal leakage: 3.8x10-7 x 8760 = 3.3x10-%/year

valve rupture (break exclusion): 2.7x10"? x 8760 x 1/18 = 1.3x10-%/year
(non-break exclusion): 2.7x10-% x 8760 x 1/18 = 1.3x10”/yolr.

For simplification of the analysis, the valve rupture rates were also used with
other discontinuities between pipe sections, such as reducers or pumps; this
may Se a conservative assumption.

In addition to valve rupture and internal leakage, other failure modes of
motor-operated valves were needed in this study. The additional failure modes
and failure rates used are summarized in Table A.3.

A.3 Comparison with LOCA Freguencies

The analysis in the main part of this report involves a large number of
pipe sections and valves. In general, more pipe sections and valves are
located outside the drywell. Thus, the frequency of LOCA outside containment
should be a lTarge fraction of the plant‘s LOCA frequencies. Table A-4 compares
the results of the LOCA frequencies from this BNL study with the RSS results
(table 111-6-9 of RSS), the EPRI-NP-438(7) results, and those of the
SNPS-PRA.



Lines Connecting Reactor Pressure Vessel to Reactor Building
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Table B-1 (continucd)
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Table B-1 (continued)

PROCESS PIPELINES PENETRATING PRIMARY CONTAINMENT
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Table B-1 (continued)

PROCESS PIPELINCS PENETRATING PRIMARY CONTAINMENT
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T Table B-1 (continued)

PROCESS PIPELINES PEINETRATING PRIMARY CONTAINMENT

These A0TES 4re cered 3y AUADEr 1D IIPTRSIONE 10 AUEDers 1A Sarentreses.

(3% SN Steam 150020100 valves "TUIrE VAL 20%h 101en01e 211088 e teetergiied 9 ¢'cse valves,

| ACTmuiatIr AP Jressere 31us 137199 10T SSGEtIer C1o%e valves enen 302y 2110ts are ieenersizes.
! Teiiage “ailurw at oniy ane 3113t wil] et cause valve closure,  The valves are sat 3 fuily

i clase 'n Tess e § setsacs. B

Sntiiment 13eay 13 sryeel! Wne susorestion chamter 4ne ANR taat 1ine return 13 fLIsretsien
SRAsIer 13314100 valves will tave 106 2304011157 13 30 Menually reccenes AfTar dutitdtie
clotre. "™y setus will emmit caatiiesent 13ray for N1GY seywe!l Zressure caneiiioas  ang/er
TREITRINION walar S301ING.  AeM AULIRATIC $19MALE AP NOT Jresant, hete valves 4y e soenes
for st or coerating convenience.

i1 TerTIt e theck valves 1re cesigres ‘o reeote WeNINg with Ie79 a1 Yerential Jretture acreny

| e caive Seat.  he valves o100 Clote 30 feverta flow Gven TI0uET AR RST el iites Ny e

! 503111000e ‘Or 2en.  he valves «f1) t0en wnen Jumo d18en IPRIUre AChed FeaciIr

| ITRILLFT Bven LA0ugN e eIt el 02 Bay 34 2081CToned Tor 3lose.

|

4 it 1iae I3 enly nesced curing saintenance. Service air susply 1y disconnected during 3lant
OPRretion by scaiaistrative contrel,

| R AC motar ocerated valves reauired for isolation functions are sowersd from the mergency AL
Power 2uses. IC 0peratad 150141100 valves are Jowerwd froe the 1TALI0R BACIeries.

6. Al) moror scerated isolatieon valves will rematn in the Tast sosition uoen failure of valve
| sower. ALl wireccerstee 150lation valves will close vpon air fatlyre,

’.'. Signal I ssens, signal K sverrices 3 ¢lote.

[ R Power scerated valve an D@ 00eted o Clotes Dy remote tanuel swiiea far SCATILING Canven ence
SUFIAG 0y B0Ce OF MRICIOF G0RTILION E1CEOT eAen AUTIMETIC T1GRal 14 Jresent (tee Yote 2).

| VoAl 1Tatus denitien of valve (coen o¢ closes) 18 the position during normal power coeretisn
of e rescisr.

!

110, ™a 12ecified closure rates are 43 reauired for contalmment fralation only,

1L Seectal air wetasie creck valves with & sesitive closing festure are sesigned far remote testing

! Suring Moral oteration o atture wetanical scersoility of the valve 4156, The remote testing

i feature w111 cause only & 24710l "ovement of thg 4152 ALY e flow tream, «ith sniy 4 winer

| effect on Mlow, e receist 3f an ‘solatien signal, the actudtor oring force will erther Civse

| 4 111GAE auction In flow wren the ‘eecwater tystam 18 dvailanie OF Cluse the valve 13 tlose,
:m'un o|:0:mn clesury a17%amential Jresture on ihe 1e4ted S15E, enen the feecwster ow

i § nac avatlasle. B

2. Mg valve ot gpen when 30th 4 low Meactar sressure vessel ITNIIUPY ANG 4n dccieent Signal are
resent,

13, e motar soeratar of s valve |8 tey locked open during nermal cpurating conditions,

. Traversing [neCore Prose (TIP) Syvtams

Shen the TIZ systes casle 13 fnsertes, the tal) valve of the telectes tube soens tutamatically
$0 Lhat the 2ruce ane caole may savence. A casinum of four valves may e opened 4t iny one Lime
19 conguct the calidration, 4nd any one guice tuoe 1S used, 4t MOLL, 4 few hours Zer e,

If closure of the 1ine 15 required Suring calidration, a3 Inefcated Sy 4 contaimment '1alation
Signal, the canle 14 autsmacically retricted ane the 3411 valve ¢loses wutematically sfter come
pletion of canle sitharamal. o snsure f30laticn casaniiity, 1f & "IP canle fails 13 witharew
OF & all valve fails 13 close, 0 exolosive, thear valve 13 fastalled in each Tine, LUsen
meceiat of 4 remote senval S1gAal, 1S explonive valve will sheer te TIP cavle and 1eal e
Juice tude,

5. AT waused senetrationsicasignates *10are”) 4re casoed and seal elced.
6. Talve «111 close o system Mign Mow,

17, Iselatten signals 4 or F wil! nettate the Peector Suilaing stanedy ventilation systam waien 1
Lurn 150iates the durge 4'r 1saiatien valves,

l;.. ™IS valon wi1) ogen wren s0tn 4 low ¢ ffarential IFRLALCR ACTINE N0 valve NG an scszent ignel
t are jresane,

9 Prerture 1en5erY 104 1eALing Steam | iRe gresture Ire sied for ‘nterlocr conirel 13 srevent IAbgertent

AR IZENIAG 4T NIGH 1L 1ine SeetsLres atove 18 3819).




Table B-1 (continued)
PROCESS PIPELINES PENETRATING PRIMARY CONTAINMENT

Notes (Cansinyed)

-
.-

u.

a.

Gntmel 3g¢ Srtve (SRO) Insert :a¢ Withcraw Lines:

seriesta 55 comcarns those Dires of the eeaciar sS3clant sresture Souncary peneirating the orimary
FRICIIF cIntitament, The (20 insert ang «1thcraw (ines are 20t 24Pt of the ~eaciar csolant aressure
Seuncary. The classification of the insert and withcraw !ines fs Quality Grous 8, anc therefore
Cesigned in accorcance with ASVE Sectton 11, Class 2. e 24813 3 wnich the ZAD Iines are setigned
1S somrensurite «ith the safety imsortance of fseiating these 1ines. Since these lines are viza! %2
the scmam function, their operacility 15 of uomost zancern.

In the cesign of Nty system, 1% has Deen scceoted sraciice %9 omit autematic valves “ar fsalatien
Purcoses as i introcuces 4 2ossiole fatlure mectanism, As 4 means of providing sesitive aciuatien,
fanual sAutaff valves are used. In the event of 4 dresk on these lines, the manua! valves My be
closes = ensure 1solation, [n aceition, & Bal) chreck valve located i the insert line insice e CRO
s designed =9 avtomatically seal tafs Iine {n the event of a dreak. )

T™is M0 5232 check valve 13 nor=ally 1n 4 closed zesfticn due %0 183 check valve feature, dut 123 M0 13
In the coen 20s1t70n. The M0 drovices 4 Backud %3 close the valve %0 provice idditiens! nign leax
tignt inzagrity,

Asbreviations ysed in tatle:

& « Alr Czeratad

© - “otar Coerated

414 « Preumatic Testadle Check Valve

R - Restcual Meat Reroval Systes

Y « Reaciar Pressure Vessel

RCIC « Reaciar Core [solaticn Cooling System

Y - Aeaciar dater Cleanwd

Wwer o . High Pressure Caolant [njection

GC « General Design Criterion

RECLCY « Reactor fuilaing Closed Loop Coaling Water .

T « Transversing Incare Proce

< ] « Control Rod Orive

Mty Main Steam Isalatien Valve
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Table 8-1 (continued)

PROCESS PIPELINES PENETRATING PRIMARY CONTAINMENT
IGNAL NOTE

. IT..N

\

Ly : s Had |

ar Reaciar vessel low water level 1 « (A scram will aczur 4t this level)

3 fescior vessel low water level 2 « (The reactar core 1t0lation gsoling
SYSTEm ana the NIgA Dressure c20lant 1AjeCtien system il e Inisrated
4% s Tevel, and recireulation sumes are tripged)

4 High radiation « main steam line

o Line Break « main steem 1ine (Migh steam flow)

o Line dreak « main steas 1ine (steem 1ine tunne] Nign tessersture)

Fe High drywel! pressure |

M feaciar vessal Tow water level | - (The core soray tystems and the low
am”n core fnjectien moge 3f AR systems o110 3@ initiated at A
Teve

J* Line Sresk 8 reaciar water cleanus tystem - A1GH slice temperature,
nign aifferential flow, Mg 4ifferential temcerature

(3 Line Sreak 10 steam Tine ta/frem turdine (Nigh steam )ine soace tamoerature,
Rign steam flow, Tow steam 1ine sressure or NiGA tursine exnaust
dlapnrags pressure)

8 Reactor duilafng stanady ventilatien system Inftiatica

- High radfation signal cownstream of srimary containment purge f1lter train

0 High ambient temcerature 10 aain steam tunnel penetracion ares (MSTPA)

pe Low mafn staas 1ine sresture 4t inlet 10 tursine (2N soce only)

] Low congenser vacuum

T Nigh temcerature in Turaine Juilding

1] High meactor vessal pressure

w Nigh temcerature at outlet of clesnud system nonregenerative hest excnanger

X Low steam pressure »

Y Stanady |fautd control system sctuated

1 Low Tevel i ABCLCY hend tank

Liad Temote manual switeh frem matn control rocm

* These are e fs0lation furctions of the srimary containment and redcise vesse) 1salation
cantrol systens strer funciions are given for infarmation snly.
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Appendix C

Identification of Pipe Sections and Discontinuities for
Break Frequency Estimation

Main Steam Lines

All sections of the four lines in the Reactor Building are break
exclusion, Two sectfons are considered: one to the outboard I'SIV; one from
the outboard MSIV.

Main Feedwater Lines

All sections of the two lines in the Reactor Building are break
exclusion, They include check valve 1inboard and testable check valve
outboard. Their failure rate is assumed to be similar,

High Pressure Coolant Injection (HPCI)

Reference: FSAR and LILCO drawings no. M10121-17 and M10122-14.

Description: 10 in.: one section and valve to the outboard valve (MOV-041).
Break exclusfon. Under normal RPV pressure conditions
because inboard valve is open.

10 fn.: six nonbreak exclusion sections (4 challenges per year
of 24 hrs each are assumed in these sections):
= To reducer
- Branch SHP-171 + valve MOV-049
- Reducer/valve FOO1
- To steam turbine stop valve
- To turbine admission valve
The turbine assumed to be equivalent to one section
1in.: two bypass sectfons and a valve. Six sections downstream
to the RCIC/HPCI drain line. Two branches. All nonbreak
exclusfon, Normally open.

—



RCIC
Reference: FSAR and LILCO Drawings No. M10116-16 and M10117-13

Description: 4 in.: open MOV inside drywell to the outboard MOV. It has a
bypass line of 1 in., normally open. Break-exclusion,
six sections and discontinuities:

- to 3x6 reducer

- to drain pot and 3x6 reducer

- to steam turbine stop-valve

- to steam admission valve

- to steam turbine governing valve

- the turbine treated as one section.

Following the turbine, low energy assumed.

1 in.:

- Bypass is 2 sections

« Drain lines from drain pot to RCIC/HPCI drain line are con-
sidered six sections.

Branches: two or more 2/4 in. branches.

" Quantification:

4 in.: [8.6(-11) + 1.5(-10)] * 8760 = 2.1(-6)

34n.: [8.6(-9) + 1.5(-9)] * 6 * 4 (times per year) x 24 (hrs) = 5.8(-6)
11n.: [6+ 6+ 2] * [8.6(-9) + 1.5(-9)] * 8760 = 1.2(-3).

Reactor Water Cleanup System (RWCU) Supply L{
Reference: FSAR Figures 3C-4.15A,8,C and Figure 5.5.8-1,2,3

Description: 6 in.: One break exclusion section and valve
6 in.: One section nonbreak exclusion to reducer
3 in.: Two lines (having three sections each), two valves each
and one pump each,
2 in.: Two lines with section and reducer/check valve.
3 in.: Two line with section, valve, section, reducer
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4 in.: One section and two valves. One of these valves fis
normally closed. Another line with section, HX, section
HX. The heat exchanger (MX) considered as one section in
our approximation.

Seyond the second heat exchanger, temperature is less than 125°F and not
considered to be high energy, and will not result in a large environmenta)
effect, The high energy part of the RWCU on the return line from the
regenerative HX to the feedwater line 1s not considered a significant
additional contributor, compared to the part already included.

Standby Liquid Control (SLC)

Reference: Figure 4,2.3-11 of FSAR and LILCO Drawing M10115-16

Description: 1-1/2 in.-line; 2 check vlaves one inside and the othe routside
drywell designated FO06 and FOO7 respectively.

Sections: up to CV-FOO6 1is break exclusion section; from FO06 to the two
normally closed explosive valves 1s nonbreak exclusion section.

Branches: four 3/4 in.-branches from the main 1-1/2 in.-line.

Quantification: [8.6(-10) + 1.5(-10)] * (8760/2) * 3.3(-3) = 1.5(-8)
[8.6(-9) + 2 x 1.5(-9)] * (8760/2) * [3.3(-3)]? = 1.0(-9)

Control Rod Drive

Reference: NUREL-0803

The contribution comes from the Scram Discharge Meader rupture as
explained in NUREG-0803. The value of the rupture frequency of 10-* 1s derived
from that report.
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Recirculation Pump Seal Injection

Reference: FSAR

Description: Two 3/4 in.-lines; 2 check valves one inside and the other
outside drywell, Apparently, it is not break ogclusion pipe.

Quantification: Similar to SLC but not break exclusion -- 2,.0(-7)
Sarple Coolant From RPY
Reference: FSAR

Description: 3/4 in.-line; one normally open 1inboard air-operated globe
valve. One normally open outboard air operated globe valve.
Assumed to have one line, two sections, and two valves in reactor
building. Nonbreak exclusion.

Quantification: 2 * [8.6(-9) + 1.5(-9)] * 8760 = 1.8(-4)
Reactor Post Accident Sampling System (PASS)
Reference: FSAR

Description: 3/4-in. 1line. One manually operated globe valve outboard,
normally open. Two solenoid operated globe valves, normally
closed, downstream,

Quantification: same as above.
TIP Drive Guide Tubes
Reference: FSAR

Description: four lines of 3/8 in. The tubes are normally with nitrogen. In
order to cause LOCA, all the following must occur:



Quantiﬂcation}
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One tube rupture inside RPV

Nitrogen system alarm fail to alert the operator

Operator error in using the system, failing to operate the
shear valve. (The TIP is assumed to be used 4 times per
year,)

4 * 4x10-2 x 10~V x 2.5 x 10-? *+ 10-! - 4 x 10-F

Other 3/4-in. Lines

It is estimated that there are about 20 sections of 3/4 in., test lines,
and other lines branching from the systems listed in this table. Many of them
are in the RWCU and are potential “1iquid" break location. Other branch out of
HPCI, RCIC, and other steam lines, and are potential "steam" break location.



