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1.0 Objective and Scope

This analysis is conducted to support the application of ASME Code Case N-560 (Reference 1) at
. P Pi
the Vermont Yankee (VY) power plant. This calculation contains the consequence analysis

'

porti e evaluation required by Section 2.4 «f Appendix I of the code case. The objectives
of the evaluation process are to identify risk important piping segments, define the elements that
sk important piping, and identify appropriate inspection methods

iping, the consequence evaluation focuses on the

of the analysis presented here is to rank the consequence(s) of pipe failure
iping within the ASME in-service inspection (ISI) program. The systems and
piping line numbers covered by this analysis and the 1S1 program are summarized in Table 1-1

, with the isometric drawings (Reference 4). Each system in the class 1 IS] program is listed

anup (( U'W ) SuUCtion

emoval (RHR) including shutdown cooling (SDC) suction & LPCI injection
Core spray (CS
Feedwater (FDW)
Main steam (MS) including steam supplies to RCIC and HPCI
Main steam drains (MSD)
iby liquid control (SL.C)
not in the iSI volumertic examination program, such as instrument,
other small reactor coolant pressure boundary piping are

we also listed in Table 1-1. The line numbers in Table 1-1 first

T in inches, then the system and & numerical identifier




»

x

<

v\)l

Page 4
VYNS60 |

>R
(
{

—t—d

-

,,4

e —————r e kL

e ———.

00p ~‘\

L A \1()\ m\mLm

e e e s e

e ———t———. v

u_'iv B ‘\’ll\g \J'l\\

\h)\ | B

"lr_(ls\,

‘-"( 4 l-u vessel (drain line

\( k\‘\'\(“\

e S— ——— —————————————

\l\ valve 1'\‘\l\n\1r -wL\"\

A\‘(‘\ ““ o \?u' k \.1l\g 468

h< k \ u ve 46 H to recire loop B

\"A\v!! \‘()\]1

) A 1o drywell penetration

—————————————————————————————————— e ——

" l” ‘,7 spray blind H_l'!i{ and connection to nozzlie N6A

rom MOV | 2A to reactor vessel

MOV 12B 16 ieactor vessel
val \V 0 manual valve 29A
valy \\l 10-FDW-19 and 21
' 14.)_&4[ / 10 reactor vessel nozzle 4A
) ] DW-19 to reactor vessel nozzle 4B

W H r ¢k valve 96 A 1 mianual valve 298

‘\‘I
-+

e ———

DW B from m "\l\L-fH!»l'H‘\\ I8 and 20
l\‘ || ‘.\ g»i.-x\ 111\\ B from 16-FDW-19 to reactor vessel nozzle 4C

l
X

Sp—

1 16-FDW-19 to reactor vessel nozzle 4D

105 T‘i\ from reactor vessel to outside MSIV 86A

T\Y\ from reactor vessel to outside MSIV N\H——_
reactor ves -('i‘rl—:l!\l\k‘ MSIV §86C
essel to outside MSIV R6D
i MS line C 1o MOV16

from MS line B to MOV 16

————rme R e —

HS 1€ \1_"7-\—-”
f 4 MS lines t \1\{‘ header

MmMMSCrwo VIS f(\l

» 1610 ’L‘\IJ W vessel

trumentation lines
89 CRD inle in ind outlet (3/4 inch) lines




Page §
VYNS60 |

2.0 Methodology

I'he consequence evaluation is conducted assuming pipe failure (loss of praasare boundary

integrity ). A pipe failure ¢ ¢ any ume. Occurrence during operation, ».andby, periodic

testing, or an accident demand 1s evaluated. These failures can cause an initiating event and/on

disable the corresponding system or train. In addition, the same failure can alsc Lnpact the
availability of other mitigating systems. These consequence scenarios are analyze 1 por Appendix |

1o Reference |

I'here are two aspects of the consequence evaluation summarized below and described ir the next

two subsections

|. Failure Modes and | ) ' .v.lz}'- s (FMEA)
(a) Break Size
(b) Isolability of the Break
(c) Spatial Effects
(d) Initiating Events
(e) Systern Impact/Recovery
(f) System Redundancy

2 lmp.ul(i:rmp Assessment

(a) Initiating Event Impact Group Assessment
L, |
yvicm I"‘.;‘.n t Group Assessment

Combination Impact Group Assessment

I'he consequence evaluation is an assessment of core damage potential with the plant at-power for
internal initiating events. However, containment pe riormance, other modes of aperation, and

external events are considered in the final “Impact Group Assessment.”

2.1 Failure Modes & Effects Analysis (FMEA)

The FMEA documents the evaluation of pipe break impacts. fuck aspect of the FMEA, described
in Reference 1, is summarized in this section. The FMEA provides the inpat for the impact group

assessment (consequence determinats ) descriped 1 Section 2.2

Break Size
This analysis is performed assuming 2 iarge break: the size is Lased on pipe dlameter unless a
smaller break is limiting. No credit is given to leak-before-break in the analysis

!\7‘:1‘\71‘_\1]‘,'\ ‘7, Ci‘lu‘
Valves are i iton 1s credited in the analysis whea there is

automatic 1solation (e.g., check valve or automatically uperated valve thut closes on a signai as a
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v Closed valve. Also, when there (s agequale ceteclion,

s ton lly isolate the break bef

ormal

Operai nanually We CCrtain umpacts accur,
I Whaenever isolation is credited, impacts are assessed for both
his 1s described further in Section 2.2

-

gaung systems due to ¢

A pipe break are

intiating event. In the analysis of Class 1 piping (e.g., reactor coolant

cocdant accident (LOCA) initiating events are prevalent. Beyond the

matic 1solation valve i the reactor coolant pressure boundary,
ie LOCAS that ing

iclude a valve failure are evaluated

n . n
ng even

wtential tor recovery, . described. The total impact
as well as other direct and indirect umpacts

LIOW

and a loss of the corresponding train/system

IS WEYS GSsumed drge

enough to either disable the system

| source {e.g., suppressicn pool

team supply) and

source, and/or spatially impacts other train/system(s) due to
s tme for Aooding

R

S

ind draining impacts 10 accur,

an important consicleration in assessing these impacts. The spatial
pagation are assessed for each assumed pipe failure

) fatlure is considered, when applicable (see example in

namning e pipe !

atlure 18 not credited in the evaluation

{
i

above, the remaining availabie trains (i.e., redundancy) are
tunction. This is a key input in the

t P

determination of the

As described in Section 2.2, consequerces are ranked based
RA. The logic structures specific ally examined in this process
nse to initiating events, critical failure
€ combinations and the

success paths are

Jats
il

N 211 5 ! Lo &)
n Ol a pipe failure

n example in the Section 2.2

-
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2.2 Impact Group Assessment

Ihe VY PRA (iPE, R nce 2), supplemented with design basis information, is used to define

rapplying the ASME procedure to the consequence evaluation at VY

nmarizes VY success criteria for different safety functions

damage probability (CCDP) utilized by
onsequence categories. As described below,

2, and 2-3 which are in the impact group

18 performed based upon the impacts, including the isclability or failure
of available mitigating (unaffected backup) trains. Section 2.1
nine impacts and backup trains. CCDP calculations in this
on the VY PRA as described in this section and the remainder
» performed such that pipe segmenis can be qualitatively binned

and/or by their quantitative CCDP value estimated in this
lonal ranking to be performed within a category (e.g., High)

wized in Section 2.0, the “Impact Group Assessment” includes three types of impacts
ds on whether or niot the pipe failuie causes an initiating event. The
in analysis differences and the general methodology for the thres impact
tetence 15 provides additional information and insights on selecting
) and modeling interfaces between the consequence analysis

s used when the pipe failure only results in an initiating event (e g,
t fuiling any other system or train. The initiating event is a direct impact
idirect impacts. 1able 2-1 (Reference ! Table 1-3) is used to
rexample, a MLOCA in Table 2-1 leads to a “Medium”
nce ranking is equivalent 1o using Table 24

nce | (Table 1-3) to be VY specific, based on conditional
tiating event type. This table provides the minimum
ire causes one of the plant specific initiating events. If
g systewns due to the pipe failure, the “Combination Impact
ibed below; Table 2-3 must also be used (same as Reference 1

lal LOCAS both inside and outside containment for piping
lant 1solation valve. CCIP is calculated based on the
the assumed pipe segment failure. The follow Ing

rmally 1solates the reactor
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CCDPpyoca = CV * CCDPrasie 2.1 Loca

Where:  CCDPyuioca is the value used to assign a consequence category based on Table 2-4.
CV is the probability of a check valve disc rupture.
CCDPraie 2.1 Loca is the CCDP from Table 2-1 based on LOCA type and size.

These pipe segments, normally isolated from the reactor coolant system, need to also be evaluated
assuming an independent initiating demand as summarized in the “System Impact Group
Assessment” below,

Similarly, the methodology also includes isolable LOCAs both inside and outside containment for
piping beyond the first normally open automatic reactor coolant isolation valve. CCDP is
calculated for both isolation success and failure cases, and i ieir respective impacts. The following
example applies to a reactor water cleanup pipe break downstream of inboard MOV 15 and
oviside containment:

eniiu
Isolation !stlem ImpactRecovery
Success |T-transient (reactor water Based on Table 2-1, CCDP <1E-6 for T initiator.

cleanup pipe breax turns into & [The probability of isolation success is 0.996 (see
transient when cleanup MOV isolation failure probability below).

closes on low RPV level)
Failure |LOCA-OC (failure of cleanup Based on Table 2-1, CCDP = 1E-2 for a LOCA MEDIUM
MOV 1o close results in LOCA  |outside containment initiator. However, the
outside containment) probability of isolation failure (4E-3) must be
included. The final CCDP is |E-2*4E-3=4E-5§

LOW

As shown, an isolable LOCA which isolates successfully (low RPV level signal) results in a plant
trip (LOCA quickly 1solated) wiil only a transient impact. This is a “Low" consequence sequence
in the above table based on the VY PRA (Table 2-1). The isolation failure case inciudes boikh the
isolation failure probability (4E-3 based on automatic isolation) and the consequences of isolation
failure (1E-2 based on Table 2-1) in determining the consequence (CCDP).

Table 2-4 with an estimate of CCDP (Reference 1, Table I-4) based on the PRA (Reference 2) is
used to determine the consequence category.

Consistent with Reference 1, assigning consequence categories when the mitigating ability of the
plant is affected depends on the following attributes:

I. Frequency of challenge, which determines how often the mitigating function of the

system/train is called upon. This corresponds to the frequency of plant initiating events that
require the system/train operation; not the pipe failure frequency.

1797
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Number of unaffected backug

) systems/trains, which determines how many unaffected systems
Or trains are availabie to perform the same mitigating function. The availability of multiple
trains makes the

evaluated for ¢

the loss of systems/trains less significant. Mitigating systems are

i

ety function (e.g., reactivity control, RPV inventory, decay heat
sidering the consequences, given an isola‘ion failure, the number of
Y traue {

. |
rams inciudes 1solation

ir, and/or plant shutdown for the case where pipe

lby or operating conditions. A combination of
“and “exposure time” in Tabie 2-2 provides the probability of

c 1
g assumed to have failed. When the piping is considered more
¢ accident chall

likely to fail during th

enge (the demand configuration), the exposure time is the
assuming the test pros ides a kU(‘.l[\Ll‘dMC C h‘x“cl}gk‘ (€.8., pressure, flow)

s 1 piping,

time between tes

. \
il

In analysis of clas it 1S alw ays assumed that the exXposure ume 1s “all '\mr” since the
piping ol interest is not periodically tested during operation

<

nrevised from Reference | (Table I-5) to be VY specific. The Table 2-2
evaluatior 1 - ns to be determined, as well as the frequency of
challenging * exposure time. The total impact and remaining backup trains are
and/or can be determined from Section 3.2. The frequency of challenging
| pipe break can be determined from the PRA. For example, design basis
challenging LPCI and CS piping in standby. Also,

S not periodically tested, the correct exposure time is “all year” in Table 2-2

the systen
category IV is rrect frequency of

nminoe th MMINo
ASSUMINgE i 1PN

As a further example, wit I backup trains and a category IV challenge, the
\““\\\l 1IENCEC Calk 2O k" )\ "‘- sle 2.9

2-2. This is also referred to as the qualitative or semi-
r equivalent quantitative method of estimating CCDP for

guantitative meth

JASIS category IV events is |E .t!}‘l’ or less
trains = 1E-4 unavailability, etc

1d "exposure time” and “2 backup trains™ in Table 2-2

L
|

d and the consequence category assigned based

(Reference 2). This requires requantification of

» 2 » r 11 1y T *n : | " ¢
ic assumed pipe break set to failure. Then, assuming an
be calculated based on the new mpacts

ture cases, and their respective impacts
o) 13 11 A » i ' T o
nitigating systems are challenged and the
thility

aul

y depends on detection, guidance

ity (e.g., remotely controlled valve
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us lox \). The following example applies to a LPCI injection line break in the

actor building, given an independert demand

tem Redundan

L onseguence

e other LPCI trainand 2 CS u

ains are available LOW
lable 2-2, CCDP <1E-6 for Cat IV

ge and at least 2 backup trains

umed to be 0.99

b

"MEDIUM |

imed to be an equivalent
le 2-2, CCDP = |E-4 for
') and 1 backup
ssumed = 0.0] No credit

10 Injection with external

§ 11
Chni

115 used when the pipe failure causes both an initiating event and impacts

[able 1-6) applies. As an example, assume there are
 mitigate the event. Based on Table 2-3 the consequence

juence category for the initiating event in Table 2-1 is

cr assumed the initiating event is a large LOCA, then using Table 2-1, the final

consequence category becomes “High.’

Note that Table 2-3 (same as Table [-6 in Reference 1) is used in combination with Table 2-1 in

that the highe Isequence category is always selected. The number of unaffected backup

systems/trains available tigating functions 1s determined. Systems are evaluated
ty control, RPV inventory, decay heat removal). When

LYy
’

olation tailure, the number of backup trains also includes

Ively detern

letermined as an alternative to using Table 2-3

npacts are considered in estimating

utigating 1

isequence category. CCDP is estimated using the

Ihis requires requantification of the PRA with the initiating event set to
Cts from the assumed pipe break
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\ i CChp
damage |'J;-( fature 1s
Using two methods
he CCDP and the LHKelhhood

the consequence

110 Secuon 3.2 to

requires the consequence

ainment barnier avatlable, the

o Assessments’ above is
available barrier is used in

Me Margin in the consequence

nined tor core d mage

r core damage) , but there is

consequence at 1E-4, the

but there is no containment

thout 0.5 (0. 1), the

\Lal-power for internal initiating events
plant shutdown and external initiating

risks 18 addressed. This additional

itial CCDPs during other modes of operation

If the at power case for internal 1nitiators

1 Nig
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Table 2-1 Consequence Category Assignment For VY Pipe Failures
When Impact is Only an Initiating Event
T

nitiating Event (note 1) IEF CDF ccpp
(T« transient (MSIVs & feedwater available) E 33E-7 Low
I'MS - MSIV closure (feedwater available) 0.3 70E-7 | 23E-6 Med |
MS < MSIV closure & loss of feedwater 0.1 63E.7 | 63E6 Med
P - loss of offsite power 0.1 §RET 0 RRE-6 Med
JLLOCA - large LOCA 10E-4 | 62E8 | G2E4 High
IMLOCA - medium LOCA JOE-4 | 25E-8 | B4E-S Med
SLOCA - small LOCA 1.0E-2 1LAES | 1.3E6 Med
IORV - inadvenent stuck open relief valve S6E-3 | 15E.7 | 2.7E.5 Med
ISLOCA - interfacing system LOCA (note 2) 11E9 | 1.1E9 1.0 High
JLOCA-OC « LOCA outside containment (note 3) |  note 3 note 3 note 3
FWTI - feedwater 1L6E-8 | 30E9 019 High
MSTI - main steam 25E7 | 34E-10 | 14E-} High
RCT1 « RCIC steam supply 32E-7 | T4E-10 | 23E-3 High
HPT1 - HPCI steam supply L1E-8 | 1LSE-11 | 14E3 High
RWRBI - reactor water ¢cleanup suction TAE-8 | 96E-10 | 1.3E-2 High
SLC discharge (not evaluated in PRA) note 4 note 4 1E-2 High
1 < loss of 125V DC bus i | SE3 | 44E.7 | 29E4 High
D2 - loss of 125V DC bus 2 | SE-3 | 45E.7 | 30E4 Hi
(TA3 - loss of 4160V AC bus 3 |.SE-} | 22E-7 1.5E-4 High
TA4 - loss of 4160V AC bus 4 1.SE-3 20E-7 1.3E-4 High
(TSW - loss of service water TOE4 | 21E-8 | 10E-§ Med
Initiating event fi.quency (IEF) is from VY PRA Tables 3.1.1.1, 3.1.1.4 and 3.1.1.5. Core damage

frequency (CDF) is derived from VY PRA (Reference 2).

note 1 Transients (T, TMS, TFWMS and TLP) include the contribution from reactivity control failure
(ATWS) which is quantified in the VY PRA with separate initiating eventc (A, AMS, AFWMS,
ALP).

note 2: There are numerous ISLOCA initiators in the VY PRA. The results shown are for the class 1 lines
in this analysis (LPCL, CS, and SDC piping between the drywell and the outer isolation valve). The
initaiors include LAHEL, LBHEL, CANVL, CBSVL, and SHEL in Reference 2 Table 3.1.1.4.
The initiating event frequency includes the probability of iiner isolation valve failure (Reference 2,
Sections 3226 and 3.1.1),

note 3: There are numerous LOCA outside containment initiators in the VY PRA. The results shown are
for class 1 lines in this analysis (pipe between the drywell and the outer isolation valve), The
initiating event frequency includes the probability of the inner isolation valve failure (Reference 2,
Sections 3.2.26 and 3.1.1).

note 4: The imipact of S1C LOCA is bounded by RWRE | based on a comparison of locations and pipe
sizes (see Section 4.3),

787
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vence Categories 1o Pipe Failures Resulting in Loss of

-

AfTected Systems | Number of Unaffected Bac kup Trains

Frequency of | Exposure Time

Challenge to Challenge

T e v ——

Anticipated

DB Cat 11

Infrequent

(DB Cat 1) | Long AOT

{ AOT (£ 24 hours

Unexpected

DB Cat I\

T -
H ¢ Il':.l(\'E.AL\.
M Medium Conse

l l w Lo
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v 10 Combinations of Consequence

- o A emta:

Combpination of Initiating Event &

Mitigating Ability Affects

(or IE category from Table 2-1,
if higher)

IE category from Table 2-1

SN event
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3.0 Inputs and Assumptions

nts are reviewed (see Section 7

s plant initiating event ¢ hallenges and their
ility, and the importance and unavailability of
'he PRA also contains information on systems

| spatial conseqguences
| |

+) are utilized to identify piping locations,

lons are summarized in the following subsections

» the importance of initiating events, systems salety
ential pipe leaks and/or failures
ted in the VY PRA is approximately 4.3E-6/yr (Reference 2. page
ntribution of accident initiator types as well as conditional core
) which provides an indication of overall mitigation capability for each
ow CCDP contributes by safety function for certain initiating events In
epresentation ol the satety functions can be found in Figure 3-1

Jor contributors to core damage in the PRA based on a review

ice 2, Table 3.4.1). Also, the contribution from safety functions

woand in the next section

J AT POWET conversion system | ‘Hlfl."(}ll}' events Il\\\1\ and TLP)

f RCIC, HPCI, and emergency depressurization are the lop two
Ol these scenarios (each is approximately 4E-7/yr) and the initiating

irms the "Medium™ consequence importance of loss of feedwater

> next two sequences are ATWS events: the probability of reactor

|
|

NLrod roo

s 10 1nsert) 18 about 1E-S Sequence 3
ture on demand (transient and failure of rods to
with a CCDP of approximately 1E-5. Sequence 4

be impacted by class 1 pipe
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* Sequence S - involves a turbine trip initiating event and subsequent failure of feedwater,
RCIC, HPCI, and emergency depressurization. The frequency of this scenarios (approximately
IE-7/yr) and the initiating frequency (1.5/yr) confirms the “Low” consequence importance of
transient initiators (feedwater and muin condenser initially available) in Table 2-1.

¢ Sequence 6 - another ATWS event involving fuilure of ADS inhibit which is not expected 1o
be impacted by class | pipe failures analyzed in this analysis.

¢ Sequences 7 through 10 - involve support system (AC and DC) initiating events which are not
expected to be impacted by class 1 pipe failures analyzed in this analysis.

The binning of core damage sequences (Reference 2, Table 3.4.2) was also reviewed for insights,
For example, the “IIIB" bin is totally based on medium LOCAs where feedwater, HPCI, and
emergency depressurization have failed. The frequency of this bin divided by the medium LOCA
initiating frequency indicates that CCDP for the high pressure injection and/or depressurization
function is a “Medium" for medium LOCAs, Table 3-1 summarizes CCDP contributions by

critical safety functions for key initiating events in the analysis. These safety functions are
described further in the next section,

3.2 Safety Functions

Each critical safety function is considered when determining the number of available mitigating
trains and/or estimating CCDP in the consequence evaluation. Note that applying CCDPs from
Table 2-1 will account for these critical safety functions, as they are included in the VY PRA.

Table 3-1 also summarizes how safety function failures contribute to the CCDPs in Table 2-1.

Figure 3-1 summarizes the VY PRA success criteria (Reference 2, Section 3.1.2) for loss of
coolant accidents (LOCAS) in simplified diagrams. Based on a review of VY PRA results,
including Tables 2-1 and 3-1, the following summarizes how these functions and others are
treated in the consequence evaluation:

* Reactivity Control - this function is required immediately upon demand to protect the core.
However, a pipe failure is judged more likely to cause a reactor trip than to prevent a reactor
protection system (RPS) success (this function is fail safe, de-energize to actuate). This is
particularly true for Class 1 piping located inside the drywell. Also, it is judged unlikely that a
pipe failure could immediately impact recirculation pump trip (RPT} and alternate rod
insertion (ART) functions simultaneous with RPS. Independent failure to SCRAM
unavailability on the order of 1E-5 (top event CR in Table 3-2) is judged to envelope other
potential spatial causes. These judgments are based upon the fact that the RPS is safety related
and must function during design basis accidents (e.g., LOCAs inside the drywell). This 1E-$
probability results in a medium consequence without considering any other mitigating
capability or the frequency of challenging RPS. The following explains how this function is
treated in the analysis:

¢ Il the pipe failure causes a LLOCA or MLUCA, a “Medi: m” CCDP is used based on
Table 3-1. The 1E-5 value for SCRAM failure is binned to core damage with a high

Page 17
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lity provides margin (0.1), the

or TFWMS 1088 of feedwater and main
L on Tables 2-1 and 3-1. There is

idering conta'nment performance

d bas2d on the 1E-S value and
ire As with \“ OCA and

s the “"Medium” consequence to

ter and the main condenser initially
juence is used because mitigating

luce CCDP to <1E-6 with margin on containment performance

occur during an independent demand, a “Low’ consequence 1s used
y of challenge (e.g., core spray) in combination with RPS failure and

-6 .!!;-zv.‘;:r'r.v!m«»r:'.m.mmz;u-l!u:m.mw

I €uaiy alter a LOCA initiating event to protect
[ pi re lailure. The probability of vapor suppression failure in

he following explains how this function

h CCDP s assigned since there is little time for
y not credit additional mitigation (Reference 2,
3-1 18 close 1o the medium CCDP, the potential
lered important enough to retain the high

CCDP is assigned based on the VY PRA
ation as mitigating vapor suppression
CCDP i1s about 1E-5 which provides margin to

tial for early containment failure is

4 "Medium” CCDP is assigned because there is
nment periormance 18 considered. As shown in Tahle 3-1.
ergency depressurization and containment Sprays

Reference 2, Section 3.1.2.3)

i on the VY PRA (Reference 2.

High Pressure Makeup and/or Depressurization - by de dition, this function is not
- ;
1 1 LOCASs. For edium LOCAs | nly required until the RPYV
{ W Dressut nject OWeN n the case of small LOCAs and

RCI 1 HPCI are cot lered redundant to the low pressure makeup

re makeup, if these high pressure
(Table and 3-1), a CCDP in the




“Medium" range oceurs for medium LOCA (MLOCA), loss of feedwater (TFWMS), and loss
of support system initiators. There is sufficient margin to retain this consequence when
containment performance is considered. Only small LOCAs (SLOCA) and transients with
feedwater initially available (T and TMS) can reach the ‘Low" CCDP. However, the
“Mediuin” consequence is assigned to SLOCA and TMS because there is not sufficient
margin for contaiument performance.

Also, CCDP was estimated for certain transients with RCIC or HPCI unavailable to support
the analysis (see Table 3-1). As shown, these are a “Medium" consequence. With regard to
containment performance, the margin is not sufficient to retain a “Medium" consequence for
TFWMS in Table 3-1. However, based on a combination of margin in Table 3-1 (0.41) times
the conditional probability of “Early” release (0.26 = (2 25E-7 + 1.65E-7)/1.5E-6 based on
Reference 2, Table 4.6.2), the margin is close to 0.1 and the consequence is not increased.

*  Low Pressure Makeup - there are several makeup trains, however, common cause limits the
unavailability of LPCl and CS, For example, failure of the low pressure permissive in the VY
PRA is >1E-4 (top event Pl in Table 3-2), guaranteeing a “High" CCDP for large LOCA
since there is limited time for operator response; no time is credited for large LOCA. In the
case of medium LOCA, recovery of condensate is credited which results in a “Medium”
CCDP with margin for containment performance. This function provides a “Low" CCDP for
small LOCA and general transients. In those cases where the margin is borderline, the initiator
is already in a higher consequence category due (o another safety function.

¢ Heat Removal - The RHR system in the torus cooling mode of operation and the hardened
containment vent provide re.iable containment heat removal capabilities. The containment vent
is not dependent on support systems, except for controlling depressurization and alternate
injection when necessary. Local recovery of this equipment is possible and there is significant
time available to perform these actions. With the exception of large and medium LOCAs,
these capabilities provide CCDP values <1E-6. Given the time available to recover this
function and the obvious domination of other functions, containment heat removal is not
considered important in this analysis. Also, because loss of this function does cause core
damage to occur late, containment performance is not considered.

¢ Containment Performance - To maintain the consequence category dev. ‘mined from the
above functions, at least one containment barrier must be available or there must be margin in
the number of available mitiguting trains as described in Section 2. Otherwise, the
consequence category is adjusted accordingly.

Table 3-2 summarizes navailability for key functions, systems. and trains required to support the
critical safety functions and success diagram shown in Figures 3-1. The table also explains the
backups trains that can be assumed in the analysis when using Table 2-2 and 2-3. As explained in
Section 2, | train = 0.01 unavailability, 2 trains ® 1E-4 unavailability, and etc. Also, a 0.5 train =
0.1 unavailability. The unavailability's in Table 3-2 generally assume all support systems are
available. Support system trains are generally more reliable, they are included in the analysis, and
their impact on system unavailability is considered.
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Table 3-1 CCDP Contribution by Safety Function
Initiating CCDP by Safety Functions
Event Reactivity Vapor High Press Low Press Containment
Control Suppression Makeup Maukeup Heat Removal
LLOCA 1.0E-S 1.1E-4 . 45E-4 S.OE-S
MLOCA 1.0E-5§ 1.1E-§ 4. 5E-6 1.1E-§ 4.7E-5
SLOCA <lE6(1) S.SE-7 1.6E.7 4.0E-7 1.3E-8
™S 2166 : 167 107 EX ‘
TFWMS I3E6 : TWE6 T9E-7 B f
T 8.2E-8 . 1 4E-7 9.5E-8 1.3E-8
TMS with 2.1E-6 - 1 .5E-6 1 8E-7 2.1E-8
RCIC unavail.
TMS with 2.1E-6 . 1.3E-6 | 8E-7 3.5E-8
HPCI unavail.
TFWMS with | 13E6 : 4.5E-5 9.0E-7 2.1E-8
RCIC unavail,
TFWMS with 1.3E-6 . I 8E-§ 8.7E-7 31.SE-8
HPCI unavail.

Table is derived from VY IPE (Reference 2) utilizing core damage binning frequencies.

(1) IPE recognizes that SLOCA can be mitigated in the ATWS model, but these scenarios were

not quantified; the results would be enveloped by transients analyzed (Reference 2, Section
3.123).
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l Table 3-2 Assumed System & Train Backup I

Systemviunction Top Event (1 Trains (3) | Unavail (2) | Function - T nt Split Fraction
CR - control rod insertion 2.8 | JE-§ reactivity control - CRBASE
VS - vapor suppression 2 ' IE4 | early containment control - VSBASE
LP - LPCI (all support availuble) 1.5 2504 | LP makeup - LPBAS
LP - LPCI (1 LPCI loop) | 9.2E-3 | LP makeup - LP2F
CS - CS (all support available) 1.5 39E-4 | LP makeup - CSBASE
CS - CS (1 CS loop) | 1 1E-2 LP makeup - CS{F #
Pl - ECCS LP interlock 1.5 4284 | LP makeup - PIBASE
TC - torus cooling (2 train RHR) 1.5 S2E4 heat removal - TCBASE
TC - torus cooling (1 train RHR) | 1.OE-2 | heat removal - TC
VT - containment vent 1.5 | OE-3 heat removal - VIRASE
Al - alternate injectton (2 trains) 2 9.9H-5 | heat removal - AIRASE
Al - alternate injection (1 train) | | OE-2 heat removal - AINPSH and others
| DS - drywell spray Ve 0.10 early containment control - DSBAS
OD - depressurization (MLOCA) V4 0 VE.2 early containment control - ODMLB.
OD - depressurization (SLOCA) | 4 7E-3 | early containment control - ODSLBS
HP - HPCI (all support available) Va 8 8E-2 HP makeup - HPBASE
RC - RCIC (all support availuble) Ve 0.11 HP makeup - RCBASE
HP & RC - HPCI and RCIC | 13E-2 | HP makeup - HPRCBS
FW - feedwater | | SE-2 | HP makeup - FWBASE
__A__D - ADS (MLOCA) 1.5 1 1E3 HP/LP makeup - ADMBS
AD - ADS (SLOCA/Transient) 1.5 16E-4 HP/LP makeup - ADSBS
CN - condensate 1.3E-2 | LP makeup - CNBASE
RM - recover main condenser 2 | 1E-4 | heat removal - RMBASE
TH - turbine bypass (transients) | S AE3 heat retmoval - TBRASE

(1) Top events (e.g , CR) are from the VY PRA event trees (Reference 2, Section 3.1.2)
(2) Top event split fractions und their values are from VY PRA (Reference 2, Table 3.3.5.1
(3) As described in Section 2, 0.5 train = 0.1 unavailability, 1 train = 0.01, 2 trains = 1 E-4, etc.
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Figure 3-1 (1 of 2) Simplified Success Criteria (Reference 2, Section 3.1.2)
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The VY PRA ussumes LLOCA is on the discharge side of the recireulation line, since this disables | LPCI train
(Reference 2, Section 3.1.2.1)
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(1) Reactivity control, vapor suppression, and the low pressure permissive success blocks are required as
for LLOCA. For MLOCA, depressurization is also modeled as mitigating vapor suppression failure.

(2) Condensate as a low pressure makeup capability is dependent on feedwater.

(3) The VY PRA does not credit the recovery of the main condenser for MLOCA (Reference 2, Section
3.1.22).
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4.0 Analysis
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which is assumed to be the break size. This impacts the initiating event LOCA size which impacts
conditional core damage probability (CCDP).

Config - this column identifies the system configuration being evaluated. How decisions are made
on applicable configurations to evaluate is described in Section 4.1,

IE - identifies “initiating events” which is a requirement of FMEA item (d). Most pipe failures in
the reactor coolant pressure boundary and its connections result in a LOCA initiating event. The
size of the pipe influences whether it is a large LOCA (LLOCA), medium LOCA (MLOCA), or
small LOCA (SLOCA). Some piping isolates automatically (e.g., main steam, reacior water
cleanup, and feedwater) and is identified as “ILOCA™ because it is likely to be isolated
immediately. When 1LOCA is the initiator, the final initiator and its impact is identified in the
“Impact™ column for both isolation success and failuie.

A “PLOCA™ (potential LOCA) is identified in this column and evaluated when piping is normally
isolated from the RCS; passive failure of a normally closed valve is required to challenge and fail
the pipe. When PLOCA is the initiator, the final initiator and its impact is identified in the
“Impact” column. Also, for normally isolated piping (e.g., can not directly cause an initiating
event), the demand configuration is evaluated for the applicable mitigating challenge. For
example, a design basis category IV challenge identified as “LOCA" is used for LPCI and core
spray piping. Comments at the end of Table 4-1 further describe the initiators.

Detection and Isolation - These two columns address “isolability of break” which is a
requirement of FMEA item (b). “Yes" in the detection column signifies that break detection
Capabilities are identified; they are explained in footnotes. “No™ means that no detection capability
is identified. In some cases, “na” is used when detection is not considered relevant. The isolation
column indicates whether isolation is actually credited in the evaluation. The system valve credited
in the analysis is usually shown or “No" signifies that o ciedit for isolation is included. When
active isolation is credited in the evaluation, both success and failure to isolate are evaluated and
shown in the isolation column. First the success case shows the system valve and/or equipment.
Then, “failure” signifies the evaluation of isolation failure impacts. The valves identified in the
“Isolation™ column can be seen in Figure 4-1 and comments provided at the end of Table 4- 1
describe this analysis. Detection and isolation is described further below and in Section 4.3.

Impacts - summarizes additional “system impact/recovery” (e.g., besides the initiating event
impact discussed above) due 1o pipe failure which is a requirement of FMEA item (¢). Recovery
of system pipe failures is not credited in this analysis. This column also contains information on
“spatial effects” which is a requirement of FMEA item (¢). If a pipe break is in the LPCl or CS
system, a LPClL or CS train is unavailable due to either flow diversion or isolation. This is a
system impact. For a break in the reactor building, failure to isolate may lead to pumping the
suppression pool into the reactor building and/or flooding all ECCS equipment. This is considered
a spatial effect. For an isolable LOCA (ILOCA) in column “[E", this column also includes the
initiator type as an impact; this changes dependent on whether isolation is successful or fails.
Similarly, for a potential LOCA (PLOCA) in column “IE", the “Impacts” column also includes the
LOCA type. Interfacing systems LOCA (ISLOCA) and LOCAs outside containment (LOCA-OC)
events in this column also contain spatial effects on systems. This section (below), Table 4-2, and
comments at the end of Table 4-1 further describe the impacts.

mm



Qualitative Basis

WKUp trains are
s 2 and 4.3, the basi

W 1.s?.;.f,a;,\'ur,t~
U ess and Tallure
nthe next ¢coll

CCDP. Comment

1NN

al

ENINE CONS quence

mments at the end

cumentation

UCly Tunctions «h[u nd on
» be the piping inside

smaller than the pipe

| and 3-1 where CCDP is lower

'

pect 1o this analysis

Ak S

)

ipabilities from | CRD pump and
mall LOCA upper limit in this

ch nominal pipe diameter)

INcn nomunal pipe alameter)

sure ECCS make up, without

LOCA lower limit in this

based on discussions with
ressurize tast en \u}‘f“

8 inch nominal pipe

nis 1s based on -‘\i\'\\luium'-i
One SRV is about 0.1 ft*. Two SRVs
ng and I SRV 15 ‘

15 equivaient to about




Page 29
VYNS60_1

Detection of Pipe Breaks

Class 1 pipe breaks inside the drywell (LOCAs) will cause a high drywell pressure and low RPV
level, as well as other detectable conditions (e.g., rising temperatures in the drywell). Reactor
SCRAM and ECCS actuation will occur if drywell pressure continues 1o increase and/or reactor
water level continues to drop. Other detection capabilities depend on the specific system pipe that
fuils (e.g., o large steam line break results in low steam line pressure automatic MSIV closure) and
the size of the leak. For example, small leaks will likely be detected per VY technical specification
3.6.C (Reference 6).

Technical specification 3.6.C “Coolant Leakage™ - requires that unidentified and total leakage into
the primary containment not exceed § and 25 gpm, respectively. While in the run mode, leakage
into the primary containment from unidentified sources can not exceed a 2 gpm change. Both the
sump and air sampling systems shall be operable during power operation (o assure detection.
Reactor coolant leakage shall be checked and logged once a shift, not to exceed 12 hours.

Pipe breaks outside the drywell can also be detected. The VY class | piping outside the drywell is
limited to the reactor building and steam tunnel, as summarized in Table 4-2. This piping is also
limited in that the outer containment isolation valve that provides the class break is relatively close
to the outer drywell wall. Detection is described for two different conditions; (1) high energy
LOCAs outside containment which cause initiating events and (2) independent demand challenges
of mitigating system piping which leads to water being pumped into the reactor buildiag by the
mitigating system pipe failure.

For the first condition, high energy line breuks in the reactor building can be detected by high
temperatures, high radiation, and/or high water levels, All three of these detectable elements are
entry conditions into emergency operating procedure EO 3105 “Secondary Containment Control”
(Reference 7). This procedure directs the operators to isolate systems discharging into the area
except those required to shutdown the reactor and assure adequate core cooling. If the primary
system is the source and adverse conditions persist (e.g., water l2vel reaches 12 inches in a corner
room), the operators are directed to shutdown the reactor and go to OT 3100 (scram procedure).
If adverse conditions persist in more than one area (e.g., water level is 12 inches in more than one
corner room), the operators are also directed to OE 3102, Section RPV-ED, to depressurize the
reactor (Reference 7). This procedure ensures use of the main condenser and turbine bypass
valves if available. Large high energy line breaks will likely result in a reactor scram due to low
RPV level.

High energy line breaks in the steam tunnel will be detected by high area temperature and
automatic MSIV closure will also occur on high area temperature (Reference 2, Section 3.2.11).
If high area temperature persists, both HPCI and RCIC isolation will also occur (Reference 2,
Sections 3.2.1 and 3.2.4).

For the second condition, pipe breaks are also postulated during an independent demand of a
mitigating system for those systems that are normally isolated from reactor operating conditions.
These systems include LPCI injection, core spray injection, and standby liquid control. All of this
piping is located in the reactor building. This piping will pump the contents of the suppression
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operation was conducted. Table 4-3 documents this review. It was concluded that RHR operation
in the shutdown cooling (SDC) mode needs further analysis recognizing that the piping is already
“Medium” or “High" for power operation, A further review of RHR is provided below to
determine whether “Medium™ could bs “High” because of shutdown risk.

Other assumptions and observations about shutdown operation considered in this review include
the fallowing:

¢ During shutdown, some equipment may not be automatic and require manual actuation.
ilowever, outage risk management philosophy, guidelines, and procedures provide assurance
that loss of SDC will be detected and mitigated.

¢ Unavailability of mitigating trains is higher due to planned maintenance during outages.
However, guidelines and procedures assure sufficient redundancy and account for higher risk
configurations.

¢ For the majority of class | piping, the exposure time associated with operation in a shutdown
configuration is on the order of 0.1/yr. Also, the operating conditions are much less severe
than during power operation. The frequency of being in a more risk significant configuration
could be even lower depending on the system and function being evaluated. Operation of
RHR in the shutdown cooling (SDC) mode of aperation is an important exception.

¢ The reactor is shutdown, depressurized, and decay heat is lower than for at-power operation.
The reactivity control function is not a concer becanse the rods are inserted. Re-criticality
during shutdown is unlikely and not judged to effect the present ranking. The inventory
makeup function is considered the most important function during shutdown, given a class 1
pipe break occurs during shutdown causing loss of SDC.

*  During shutdowr, the reactor coolant system and connected piping are not pressurized nor at
high temperatures, as during power operation, Piping fuilures are not as likely (e.g., initiating
events) and the at-power analysis for these systems envelope shutdown conditions. Since the
RHR system is aligned to the reactor coolant system in the SDC mode of operation during
most of the outage versus being isolated from the reactor in standby during power operation,
this system is evaluated further below,

¢ Decay heat is lower during shutdown such that the time for recovery of shutdown cooling or
inventory makeup is usually longer. Thus, even though equipment may require manual
actuation and may also be in maintenance, there is time for recovery. LOCAs (considered less
likely due to reduced pressure and temperature) would exhibit much less severe environmental
conditions (e.g., hot or warm water versus steam) until decay heat starts to heat up the core
after loss of SDC.

That portion of RHR that is in standby during power operation and operates in the SDC mode
during an outage presents an important configuration change requiring further evaluation. Loss of
SDC is an important in’ jating event during shutdown and the potential for an unisolated LOCA in
the RHR system must also be considered.

The following summarizes the review of RHR pipe segments relative to power operation:

mn?
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¢ SDC suction piping upstream of MOV 18 is already “High" in Table 4-1 due to a LLOCA
during power operation. The SDC discharge paths back to the recirculation loops are also
“High" in Table 4-1 for the same reasons.

¢ SDC suction piping downstream of MOV I8 inside the drywell is a “Low" consequence during
power operation because passive failure of the normally closed MOV 18 is necessary to
challenge piping. During SDC, MOV 18 is open, but it closes automatically on a low RPV
level signal. Although this disables SDC, there is time for automatic and manual recovery of
reactor makeup. Failure to do so after isolation success is unlikely (e.g., on the order of 1E-4
or less). The probability of MOV 18 fuilure times the probability of not recovering reactor
makeup with the reactor drained down to the jet pumps is also unlikely (e.g., on the order of
IE-4 or less). Pipe breaks on the suction side envelope breaks on the discharge where there is
a check valve to isolate the reactor. These breaks could still pump down the reactor inventory
until the low level isolation signal is reached. Failure of this piping is increased to a “Medium"
consequence in Table 4-1 based on consideration of pipe failire during SDC operation.

¢ SDC suction piping downstream of MOV 18 outside the drywell is already a “High"
consequence during power operation because passive failure of the normally closed MOV 18 is
assumed 1o cause an ISLOCA in the reactor building. Failure of this piping during SDC is still
considered a “"Medium” consequence in Table 4-1 for similar reasons described above, The
LOCA conditions (failure of MOV 18 1o close automatically) in the reactor building during
shutdown are much less severe with regard to the potential impact on mitigating systems. The
fact that water is being lost outside containtient is a concern in the longer term. Pipe breaks
on the suction side envelope breaks on the discharge where there is a check valve to isolate
the reactor, These breaks would still pump down the reactor inventory until the low level
isolation signal is reached.

In summary, most RHR class | piping was already in the “High" or “Medium" category based on
power operation. The SDC piping segment between MOV 18 and the drywell was increased from

a “Low" consequence o a “Medium” consequence based on potential consequences during
shutdown,

Zaternal Events

The consequence evaluation is an assessment utilizing design basis information and the plant PRA
for internal initiating events. Pipe breaks in this analysis that cause an initialing event are no
different than those in the PRA, but their frequency is 1.0/yr (assumed to occur). External causes
of pipe break are obviously less than 1.0/yr. When the pipe break does not cause an initiating
event, the piping is analyzed for the demand or system challenge case. The frequency of
challenges from fire and seismic on mitigating system is less than assumed in the analysis. (e.g.,
core spray challenges due to LOCASs or loss of high pressure makeup systems is on the order of
1E-2/yr). Seismic and fire challenges are not greater than 1E-2. Even if these events heyond the
design basis are low in frequency, their potential common cause effects could affect the
importance of piping. Therefore, the potential importance of piping during external events beyond
the design basis is assessed here to establish confidence that the existing consequences envelope
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Simplified Diagram of Class | Piping Systems
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Table 4-1 FMEA and Impact Group Assessment Summary

{Line Number/Segment | Config IE'  |Detection’| Isolation’ | Impacts’ | Cualitative Basis' CcCDP* Consequence
16-FDW-17 Operating | TFWMS na (f) CV 28B FW_RCIC Table 2-3 (e) 5E-5 Medium H
LCV 96A 1o drywell) (2 backup: HPCI,
ADS)
failure 1 CVpw*Table 2-1 SE-4%0 2=2F-4 High
16-FDW-17 Operating | TFWMS | na(f) CV28B | FW, RCIiC Table 2-3 (e) SE-S Medum
fidrywell to CV 28B) (2 backup: HPCI,
ADS)
failure LLOCA | CV,y*Table 2-1(d) | SE-4*6E4=5F-7 Low
16-FDW-17 Operating| LLOCA | Yes{a) No none Table 2-1 (d) oE-4 High
fCV 28B 10 MV 298B)
16-FDW-18 Operating| LLOCA | Yes(a) No none Table 2-1 (d) oF-4 High
§MV 298 10 10-FWD)
10-FDW-18 & 20 Operating| LLOCA | Yesia) No Table 2-1 (d) 6F-4 High
b 16-FWD-18 1o RPV)
ln 8-MS-7A Operating| LLOCA | Yes(a) No none Table 2-1 (d) 6E-4 High
(RPV 10 MSIV 80A)
18-MS-7A Operating| ILOCA | Yes(g) | MSIV80A ™S Table 2-1 (c) 2E6 Medium
FMSIV 80A 1o drywell) )
failure LLOCA | MSIV*Table 2-1(d) | 6E-3*6E-4=4E-6 Mecdium
18-MS-7A Operating| ILOCA | Yes(h) | MSIV 80A ™S Table 2-1 (c) 2E-6 Medium
drywell to MSIV 86A)
r failure MSIV*Table 2-1 | 6E-3*1E-3=6E-6 Medium
I:&Ms-m Operating| LLOCA | Yes(a) No none Table 2-1 (d) 6E-4 High
RPV 10 MSIV 80B)
18-MS-7B Operating| ILOCA | Yes(z) | MSIVSOB |TMS, HPCI Table 2-3 (e) 3E-6 Medium
MSIV 80B to drywell) (3 backup: FW, RCIC
ADS) l
failure LLOCA | MSIV*Table 2-i (d) | 6E-3*6E-4=4E-6 Medium
18-MS-7B Operating| HOCA | Yes(h) | MSIVSOB |TMS, HPCI Table 2-3 (e) 3E-6 Medium
drywell to MSIV 86B) (3 backup. FW, RCIC,
ADS)
MSIV*Table 2-1 | 6E-3*1E-3=6E-6 Medium
18-MS-7C Operating| LLOCA | Yesa) No Table 2-1 (d) 6E-4 High
RPV to MSIV 80C)
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Table 4-1 FMEA and Group Assessment Summary
{Line Number/Segment | Config | IE' _|Detection’| lsolation” | Impacts’ | Qualitative Basis' ccpp® Conseguence
10-MS-4A Standby | ILOCA Yes 1) MOV 15 T™MS, E2CI Table 2-3 (e) 3E-6 Medium
drywell to HPCI MOV 16) (3 backup: FW, RCIC,
| ADS) |
. farlure _ MOV, *Table 2-1 JE-3*1E-3=1E-6
2-MSD-2 (all 4 MS lines) | Standby | SLOCA Yes (3) S Table 2-i 1E-6 Low
3-MSD-2 (header) Standby | MLOCA | Yesqa) Table 2-1 BE-5 Medium
§2-MSD to MOV74)
3-MSD-2 (header) Standby | PLOCA Yes (a) MOV*Table 2-1 1E-3*SE-5=8E-8 Low
MOV 74 10 drywell)
3-MSD-2 (header) Standby | PLOCA Yes (n) MOV *Table 2-1 1E-3*1E-3=1E-6
fdrywell 10 MOVT77)
2-MSVent Standby | SLOCA Yes (a) Table 2-1 1E-6 Low
1% - SLC-11 Standby | PLOCA | Yes(m) CV,;*Table 2-1 6C-3*1E-2=6E-5
KCV 16 10 drywell) -
Demand | TRAN na SLC Table 2-2 (b) 1.0*1E-5=1E-5 Medium
(2.5 backup: normal
scram)
1%-SLC-11 Standby | PLOCA cvi7 SLOCA, CV,*Table 2-3(bj} ! 6E-3*1E-5=8E-8 Low
f(drywell to CV i7) SLC (2.5 backup: normal
scram)
Demand | TRAN na na SLC Tahle 2-2(b) 1.O*1E-5=1E-5 Medium
{2.5 backup: norma|
scram)
I¥2-SLC-11 Standby | SLOCA Yes (a) No SLC Table 2-3 (b) 1.O*1E-S=1E-§ Medium
CV 17 to RPV) (2.5 backup: normal
[ scram)
[<1-InsvSampie - SLOCA | Yes(a) No ncie 8 Table 2-1 1E-6 Low
EICRDM&MS‘)! SLOCA | Yes(a) Yes/No note 9 Table 2-1 1E-6 Low
" IE (initiating event)

LLOCA = a large LOCA which is assumed for 2 6 inch diameter piping for steam breaks and 2 4 inches for water.

MLOCA = a medium LOCA which is assumed for piping that does not satisfy LLOCA and SLOCA criteria.

SLOCA = a small LOCA which is assumed for < 2.5 inch diameter piping for steam breaks and < 1.5 inch for water.
PLOCA = a potential LOCA; passive failure of a normally closed vaive is required to challenge and {ail piping.
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1solable LOCA: automatic 1soiation must fail to cause LOCA given that pipe failure mitiates a LOCA

sed to specify an assumed independent LOCA “Demand” of LPCI and CS m standby
4

eedwater and mamn condenser (e.g.. MSIV closure) due to pipe break affects, including solation

ifv an assumed independent transient “Demand™ of SCRAM function and SLC m standby

Wtomat K

ctor building mmstiator (ISLOX w LOCA-OC) 1s detected by reactor bunlding temperat W ale vel, and radiation
g r (il ! 3 r a i

OF Procedare “Secondary Contamnment Control™ (VY Procedure OF 3105)

)} LPCI and CS pize Freak in the reactor butlding, during an independe { \ derand, 1s detected by flooding in the reactor bunlding

Besides floor sump alarms, eventually flood levels will reach the >1 mch entry lovel o 3105 “Secondary Contamnment Control™. The
]
!

'

loss of torus pool

vel will put the operators i OE 3104 “Torus Temperature & [evel Control.” Also, d pending on the LOCA size, there
could be a mismatch between flows and pressures in low pressare systems versus the reactor

During shutdown cooling operation, MOV 18 automatically closes on low RPV leveli

Loss of feedwater 1s amomaticallv 1solated by inside drywell check valve 28A and B

3
!

1 MSIV R0OA, B, C, and D automatically close on hich steam hine flow or low-low RPY level

MSIV 80A, B, C, and D automatically close on high steam line flow or high steam tunnel temperature or low-low RPV je
RCIC MOV 15 (MCC 8B, Vol 29, El 280) automatically closes on high steam line flow

(1) RCIC MOV 15 automatically closes on high steam line flow or high steam tunne! temperature

(k) HPCI MOV 15 (MCC 9D, Vol 34, El 252) automatically closes on high steam lirz flo

(I) HPCI MOV 15 automatically closes on high steam line flow or high steam tunnel tempy: ature

(m) SLC LOCA outside containment - see (c) above

(n) MSD LOCA outside containment - high steam tunnel temperature which will cause MSIV closare

' Isolation - The system motor operated valve (MOV), check valve (CV), etc. is shown, when applicable. When isolation success and failure are
evaluated, the first line will identify the relevant valve and/or action for 1solation success case. Then, the next hine with the word “failure™ denotes
evaluation of the isolation failure case. This may apply to tsolabls LOCA (ILOCA 1 column 1E) initiators or the demand LOCA. For the case
where a passive valve failure is necessary to cause an initiator, ¢ OCA is shown in the initiating event (IE) column (by defimtion the valve fails)
(a) The reactor recirculation loop discharge stop valves and | ypass valves close at 350 psig (Reference 2, pages 3.1.2-2 and 3.2.2-1)
Reactor recirculation piping and coanected piping betweer these isolation valves and the suction isolation valve in each loop could be
isolated. This was not credited in the analysis
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Impact this « otumn dentifies systemytramn impacts \’Ut' O pipe 1 FUre, we 'h‘»i!ni‘ S .”3;5] umpacts 1‘“{' ating evem and s associated in
J ' ' ! ' |

identified in the “IE” column except for potential and isolable LOCAs (FLOCA and LLOCA in column “TE™). The apphcable LOCA or

| for PLOCA and ILOCA 1s identificd i this column and may depend on solation success and fatiu

1) Shutdown ccoling (SDC) 1s not modeled in the VY PRA and 1s judged tc have low importance. Note that SDC 1s unhk
successful heat removal for LOCAs, particularly water LOCAs. Loss of SDC as an imtiating event duning plant shatdos

figuration for the suction prping downstream of MOV IR

Basis - the basis for guantifving total CCDP 1s pr
fatlure of inboard MOY (RCIC or CUW) 12 close on
failure of inboard MOY (HPCI) to close on demand
fatlure of inboard MSIV to close on demand = 6 41

fatlure of feedwater inboard check valve to close on demand = 8 4E-4 (Reference 2)

» check valve fatlure (quai*2rly test) = 6.8E-7/1 2190 hrs (Reference 2) + 2. 7E-4/demand (7

| check valve failure (refuel test) = 6 8E-7/hr * 87¢ (Reference 2) + 2.7E-4/demand (NSAC-15

MOV = passive failure of MOV (refuel test) = 9 27E-8/hr (Reference 2) * 8760 hr/yr + 2.7E-4/demand (NSAC-154)

Isol = failure of operators to detect and isolate = 1E-2 is used for LPCI and CS injection hine breaks dunng a LOCA demand

H or Cat Il = anticipated frequency of challenge 2 1 € ent/yr

IV or Cat IV = unexpected frequency of challenge < 1E-2 event/vr

CCDPy, = CCDP during shutdown given pipe break in SDC suction line (see note 7)

{(a) The LOCA demand frequency (1E-2) and CCDP from Table 2-2 and Table 3-3 for 2.5 backup trams is about 1E-5

(b) The probability of challenging SLC is equivalent to 2.5 backup trains based uwpon a scram failure probability of about 1E-5 in Table 3-2
(top event CR)

(c) CCDP for T, TMS, and TFWMS is the total in Table 2-1 for both ATWS and non ATWS

(d) Large LOCA (LLOCA) in the VY PRA is assumed to fail a LPCI injection path du= to the LOCA. The LLOCA CCDP mn Tabie 2
assumed to envelope all LLOCAs

(e) CCDPs are calculated with VY PRA as shown in Table 3-1 (includes total for reactivity control and high pressure makeup functions)

* CCDP - shows the quantitative calculation of “CCDP Basis™ column

Loss of shutdown cooling as an initiating event is assessed in Section 4 of main report; a combination of lower pipe failure probability dunng
shutdown conditions and mitigation failure 1s judged to be on the order of 1E4 or less

* Instrument line breaks are evaluated in the VY PRA and assessed to be low importance; this is discussed in Section 4.3

" CRD iniet & outlet (89 sets) are | dged to be lower importance than reactor water cleanup; this is discussed m Section 4.3
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Floor hatch, drains, and { Less important than CUW due

under doors 1o El 280 &

252. See El 252 ;

Loss of HPCI and PCS. RCIC assumed lost due to bre
1a low pressure FOCCS

VY F—

Steam Tunnel | TB blowout paneis and RB

EL 252 door

breaks are assumed recoverable o

Loss of RCIC and PCS. Steam breaks are assumed recoverable via low

Steam Tunnel | Same as

|
. S

- il""\\llrr FCCS
cam hine, possibly RCIC or HPCI

Same as HPCI | Loss of PCS and depending on ste
| Stzam breaks are assumed recoverable via low pressure ECCS

Steam Tunnel

Steam Tunnel Same as HPCI except

— —— B R = -
T Loss of PCS and depending on feedwater hine, esther HPCI or RCIC
water propagation in RB !

Water breaks are assumed recoverable by external ipection. It s
assumed that the suppression pool is depleied by low pressure ECCS

pumping water thrt ough the feedwater sparger and out the break

Steam Tunnel Same as HPCI Same as MS except much smaller pipe
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Table 4-3 Review & Comparison of Power & Shutdown Operations !

System | Power Operation Shutdown Operation |

RR LOCAS result in "High™ or “Medam™ Much less severe operating conditions ond already “High™ and “Medmm™ for major nping.
consequence depending on pipe size.

CUW | “Medium” consequence for LOCA piping, | This system may also be operating dur ag shutdown and could impact mventory. However,
“Low™ for 1solable piping nside drywell, the operating conditions are much less severe, MOV isolation is still automatic, pipiag is
and “High” for 1solable piping outside small, and the system 1s not required for mitigation. Power operation 1s assumed bounding
drywell.

RHR | “High” and “Medium™ consequence due This system 1s normally in standby dunng power operation, but it 1s operatin most of the
mostly to LOCA imtiators, including outige and it"s failure is an nitiating event. Thas system requires further analysis
outside the drywell. recogmzing that duning power operation it is already “Medium™ and “High ™

CS “High” and “Medium™ consequence due This system 1s i standby duning shutdown and mamtenance unavailability 1s typcally
mostly to LOCA mitators, including higher. Although low pressure nveniory makeup redundancy may be reduced dunng
outside the dryweli. shutdown, CRD pumps providie success makeup due o reduced decay heat, and there is

more tme duning LOCAs for alignment of external water sources. Frequency of challenge is
comparable or lower and at least 1 backup train assures a “Medium™ conseguence.

FDW | “High™ and “Medium” consequence due to | Main feedwater is not operating during shutdown and 1s not depended upon for mitigation.
LOCA or loss of feedwater and/or loss of Condensate pumps could be utilized, but the hikelihood of FDW pipe failure dunng such a
RCIC or HPCI injection. dcemand dunng shutdown conditions is less hik=ly. The frequency of challenge and backup

trains assures a “Medmm”™ consequence.

MS “High™ and “Medium” consequence due to | Main steam 1s not usually available nor depended upon for operation or mitigation during
LOCA or MSIV closure and/or loss of ccld shutdown. As a resuit RCIC and HPCI are also not assumed to be available for
RCIC or HPCI steam. mitigation. Power operation is assumed bounding.

MSD | “Medium™ and “Low™ consequence May be used dunng shutdown, but smal! pipe and not depended upon for mitigation. Power
depending on LOCA size and location. operation is assumed bounding

SLC | "Medium” consequence due to scram Reactivity control is considered a success during shutdown with the rods mnserted. The
failure provability and “High” consequence | likelihood of reactivity accidents requiring scram and/or SLC 1s judged to be enveloped by
for LOCA outside containment. power operation.

XXX

L2
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5.0 Results

nce evaluations described in the previous

ASME class | systems included in the

ictor coolant pressure boundary function is

ired coolant UI.'UH_;!) the reactor core to

CUW) - maintains high reactor water quality and provides inventory
from the pr system during periods of increasing water
5N 'L'H;‘.‘" SU |

essul undary 1s required to satisfy the primary

RHR) - the RHR system has numerous functions including primary

irt of the emergency core cooling system (ECCS) function, the
n (LPCI) function restores reactor water level after a loss of

» that the core |is &

W
"3

ulficiently cooled to prevent fuel cladding
Vil and torus water te mperature and pressure, and removes heat
accidents. The shutdown cooling mode of operation
1 the reactor coolant system while the reactor is
RHR can supplement the fuei pool cooling function when
ing capability. The sieam condensing mode condenses
at may de removed if the main condenser is
) 11t;

nditions, a RHR injection path can maintain
vathway for the transfer of service water or fire water from

CVEINis Ithl '..,’“ \ge

nage following a design basis LOCA by spraying torus

(0 remove decay heat. The system also functions to prevent core damage
| LOCASs or non LOCA scenari
below the pressure required for

rcore spray operation. In addition, portions

re rocl
(AN AN RA N |

| o \.li‘\!:\ the primary containment function

s alter automatic depressurization has reduced

the power conversion system (PCS - feedwater and main

1g from the reactor, condense the
> reactor, The feedwater systen

iter to the reactor. In addition, feedwater can

luring plant transients and the system pressure

ntainment function

r conversion system (PCS - feedwater and main
ming {rom the reactor, condense the

' the reactor. The main steam system

r condenser. In addition, main steam

removal during plant transients, is
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nd the system pressure boundary is

it fuel clad temperatures in the
0t fesult in rapid depressurization
iy 1o the reactor until reactor
| operation). In addition, the system

unment function

il

) ¢ool the core when feedwater is unavailable
operation of shutdown \lemb‘ in
fy the primary containment

n the main steam lines

Jactor from rated power operation to
* control rods cannot be inserted. In

satisfy the primary containment

the IS1 volumetric examination scope was
mentation system provides input to

IPCL, ADS, core spray, and LPCI), and
ntrol room. Also, the CRD system
tting pressur. and cooling for the CRD
| reactor power level. CRD provides the

> reactorn

nsequence analysis results in Table 4-1

connected piping mside the drywell, which is not
matic 1solation valve, falls into the “High” or

1g causes a LOCA initiating event with a
llum range. The ranking of

.8, small LOCA has a lower CCDP than large &

inch diameter and less) which results in a

g systems falls into the “Low"

slightly greater than 1E-6. Since there is

ience 1s assumed

nd the drywell wall are a “Low"
redundant low pressure

L here are

d core spray. If the svstem
3 é /
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WIEr containn

nmen! 1solation valve fall into the
This

N stcam.,

se these piping failures result in a

HPCI, RCIC, and steam drains) is in
iR, CS, reactor water cleanup, SLA

ocated 1in the steam tunnel (assumed to

ociated equipment based on its spatial

r provide depressurization, and it would
he suppression pool outside
» walter level with a ii\]kll\l type

ng makeup with the low pressure ECCS is
r the medium CCDP. In the case of non steam
Ppression px 0l could be drained outside the
vel per the EOPs. Also, for same piping in the
se deidk

judged to be more severe
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6.0 Conclusions

4 4 " sraavidad in s
“l\ consequence SMOSSITIEN qH! ;‘!ll\‘ 1ICA 1N at

4-1 where each pipe segment has been
d“\?‘,‘luk’ i [ eaiun i “Low’ Consequence lh «LL!‘.UHI!\ \ll.'lki”ll'“dl core dd”lilg(‘
probability (CCDFP) has been estimated for the ASME Class | piping per the ASME Code Case

| N |

N-360 (Reference 1). These quantitative estimates are in Table 4-1 (“CCDP” column) and they

I selection decision process. Conservatism and non

the ranking that were noted during the analysis are

nsidered in determining the final consequence category (e.g.,
High, Medium, ar W) ne consequence results were changed from “Low™ to “Medium” of
l!('lil \!« un !

performance could be i porated quantitatively by multiplying CCDP by a factor (e.g., 10) for

containment bypa Note that tor some small pipe (e.g., SLC), a generic multiplier such as

10 could be conservaiive. Generally, the timing and size of potential releases have not been

| '
CONSIC C

Shutdown opera as also ¢ lered. As sult, shutdown cooling suction piping between
he drywell wall was increased from “Low™ to

£ pOower operation

ect the ranking of pipe
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