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1.0 ENTRY CONDITIONS AND APPLICABILITY

As directed in the SRM to SECY 97-168, the staff is inspecting and monitoring licensee performance at
shutdown to ensure that the licensees are maintaining a mitigation capability (equipment, instrumentation,
policies, procedures, and training) consistent with the staff’s estimate of industry shutdown risk presented
to the Commission in SECY 97-168 (the proposed shutdown rule). In the Reactor Oversight Process
(ROP), the significance of such inspection findings is assessed, using a Risk Informed prggess, called the
Significance Determination Process (SDP). The shutdown SDP consists of tw 4 1
Definition and Initial Screening of Findings and, Phase 3, Risk Significance Fing atf on and Justification.
IMC 0609 Appendix G, Shutdown Operations Significance DeterfninationProcessa
phase 1 screening analysis. This template is used for perform 4553 analyk
shutdown findings discussed below.

13

1.1 Entry Conditions
1.1.1 SDP-related Inspection Finding

This SDP provides a simplified risk-informed framework t; i S IRCTeas
frequency durmg shutdown operations due to condn;gg;vhxch contribte iinmntended risk increases

performance, as determined by the staﬁ‘ are consxﬂgﬁéﬁfgezﬁg fﬂle accep ble’plant normal operating risk,
and are NOT candidates for SDP evaluation. gThe entry cond ic qumtheﬁutdown SDP described in
this document are degraded plant equipment?; ﬁinctlonsfgr prme§§g§ agectmg initiating event frequency,

mitigation system avaxlablllty/rehabllxty oL CsS bamer mtegnty@at*result from deficient licensee
performance. ;

Concurrent performance deﬁcxencws .sfhould be. ”? ssed co lectlvely if they resulted from a closely-tied
£ F‘"J,

common cause; If causes are Amdependent eath} pgﬁ ormance deficiency should be assigned a color

individually2#See IMC 06 0 %if[pp idix A forgmorewdetalled guidance.

)cess, int SDP is designed to provide Senior Reactor Analysts a simple scrutable probabilistic
ramey r %r use in identifying potentially risk-significant shutdown issues within the initiating
nit gatxon systems, and barriers cornerstones. The results from this SDP tool is intended to

facﬂltate communication on the basis of risk significance between the NRC and licensees.

2.0 LIMITS AND PRECAUTIONS
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2.1 Limits

The template is a simplified tool that generates an order-of-magnitude assessment of the risk significance
of inspection findings during shutdown.

2.2 Precautions

2.2.1 The analyst should consider each evaluated CD sequence using the event trees Ao ensure that the
scenario makes sense for the deficiency. The variability of plant conﬁgurztt}or'fs at shutdown and
timing issues may result in performance deficiencies wh1ch do not difé ymap on the event
trees. See HQs for assistance if needed. Before using Worksheets, users ho ﬁd review attached
event trees to ensure that Worksheet entries are consmfent with the sequence oglcgn the event

trees.

»

2.2.2 The analyst must understand: 1) the differences bet\geen precursor and condition fir
the definitions of the plant operational states, and (3):th é ﬁefi_nltlons of the shutdown mmatlng

P

events . These definitions can be found in Chapter 6. E”Pr

.we»

Determination. s

2.2.2 The SDP is constructed for a Westinghouse 4—loop’PW}{ Thxs t m ecan be used for other

3530 &W« i

PWR types acknowledging that different ystems
listed in the worksheets.

2.2.3 The availability of standby RCS in ectlon along ‘With ope rator.error drives shutdown risk. As
long as standby injection is availd ]e in most cases, sta.ndby injection buys time for other
operator recovery actions such as.eleak pat termmatlon ‘and RHR recovery. If there are factors
that could render the standby RCS mjec{on unava11 ”ie such as: gas intrusion or support system
unavaxlabxhty, then these factors (ass pﬁons) become risk significant and should be assessed

e Sy BN

224 Someiﬁndmgs are fot. covered by these templates and go directly to Headquarters for
g aly51s Examples ‘of such findings are as follows:
S %

Use of N %zz e‘Dams without an adequate RCS vent (an adequate vent would

#
prevent )nozzle dam failure given an RCS re-pressurization following an extended
loss offRHR)

= Fm ings that increase the likelihood of having a boron dilution event such as the
“source range monitors being inoperable or the RWST having boron
concentrations lower than Technical Specifications prescribed values.

. Findings that involve containment closure deficiencies

October 24, 2002 -2- PWR



3.0 ABBREVIATIONS AND DEFINITIONS

31 Abbreviations

CETs Core Exit Thermocouples
CD Core Damage
High Decay Heat Decay heat of early time wmdow 2 days after shutdown

Low Decay Heat

CCW Component Cooling Water

DHR Decay Heat Removal

ECCS Emergency Core Cooling System /

INDIC. Indication

mMC Inspection Manual Chapter .
LOI Loss of Reactor Inventory Imtxatmg My&ggt’
LER Licensee Event Report & :
LOOP Loss of Offsite Power

LORHR Loss of RHR Initiating Event

OP. Operator 5
POS Plant Operational State

PRA Probabilistic Risk Asséssmen

RCS Reactor Coolant S ”’Eem ¢

RHR Residual Heat Refrioval ¢

ROP Reactor Overmg’i/lt Proces§” fis

SDP SlgnlﬁcmcéDetemnatlon Procegsf

SG Steam Generator 7
SGPORV , d Relief Valve
SRW :

SSW

Y
%

o
mdow before refueling operation
e Wmdow after refueling operation

NS
ﬁndmg and an initial screening of very low-significance ﬁndmgs for disposition by the licensee’s
corrective action program.
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Phase 3 - Risk Significance Finalization and Justification: Quantitative assessment of the risk
significance of a shutdown finding as directed from the Phase 1 shutdown SDP analysis IMC
0609 Appendix G).

Precursor Finding - Inspection findings that have the potential to cause a loss of the operating
train of RHR.

Condition findings - Inspection findings that only involve a degradatlo
mitigation capability.

due to loss of RHR pump suction.

Loss of Level Control (LOLC) - This mmatmg‘exqgl 0
overdrains the RCS to reach midloop condmons such %BHR is lost,"and (2) the operator fails

to maintain level control while in mldlogp such that“!fhe "fuﬁctmn 1s lost.

\9‘

POS 1 - This POS starts when the RHRe*system;lstput into §ew1ce The RCS is closed such that
the steam generators could be usef for-tiecay heat remo:;a] “if the secondary side of the steam
generators are filled. The RCS may “have zigpy?ble in )he"pressunzer. This POS ends when the

RCS is ve%ed such that thef’ﬁteagin generators péiﬁnot ‘sustain core heat removal. This POS
i £ *shutdown) E@gw’ypomons of Mode 5 (cold shutdown).

includes pomons
Part ey b
operatxons and mldIo

event tI'eCS
: %‘*f

Eai*lyﬂ‘irhe‘Window (TW-E)- This time widow represents the time before POS 3 is entered. The
decay heat is relatively high. The reactor is either in POS 1 or 2.
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Late Time Window (TW-L)- This time window represents the time after POS group 3. The
decay heat is relatively low. The reactor is either in POS 1, 2, or 3.

RCS Vented - RCS vented with such that(1) SG heat removal cannot be sustained, and (2) the
vent path is large enough to support feed and bleed. Examples of vent paths include: open
pressurizer manways, safety relief valve removal, or vessel head removal.

RWST Depletion - RWST level reaches the level that requires makeup ol
continue injection to RCS

system is in operation.
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4.0 PROCEDURE FOR SIGNIFICANCE DETERMINATION
Step 4.1 Initiating Event Characterization

Detailed guidance for initiating event characterization can be found in Sections 6.2 through 6.5
of the Basis Document.

Condition findings only involve a degradation of, e “icensee’s, capabﬂ' pmitigate an'i
w\a s %%w

event if an event were to occur. The SDP is s1gmficantly dlfferent for these two dlfferent
types of findings.

Step 4.1.2 Go to Step 4.1.2.1 for Precursor Findings r
Findings. {;ﬁ ‘w_

7

e
(LOLC) orzactuallygcaused asLOLCfTHEN LOLC is the applicable
mmatmg event. Use Table 1t to o determine the IEL. Go to Step

IF av ﬁndmg increases the likelihood of a loss of reactor inventory
TLOD or actually caused a LOI, THEN LOl is the applicable
uatmg event. Use Table 3 to determine the IEL. Go to Step

: 12.1.1.

IF a finding increases the likelihood of a loss of the operating train
of RHR (LORHR) or actually caused a LORHR (except for LOOP
and LOI), THEN LORHR is the applicable initiating event. Use
Table 4 to determine the IEL. Go to Step 4.1.2.1.1.

> IF a finding involves the RHR support systems (except for LOOP

and LOI), THEN LORHR is the applicable initiating event. Use
Table 4 to determine the JEL. Go to Step 4.1.2.1.1.
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Step 4.1.2.1.1 Determine the POS and TW in which the precursor
occurred. Figure 3 defines the POSs used in the SDP. Go to Step 4.2.

Step 4.1.2.2 Condition Findings - Select the applicable initiating events (LOLC,
LORHR, LOOP and/or LOI) by identifying the equipment or safety functions
affected and determine the initiating event scenarios that must be evaluated (i.e.,
AV
the affected function plays some role in mitigating the 1r}1hanngcvent scenario).
Tables prowded in the plant-specific fu]l power SDP %otébooks’prowde useful
“‘d

Step 4.1.2.2.1 Determine the exposure tunes for the, degra(‘i%d ondlt%n in the

£ Sy

d
miti gatmg system. A separate exposurefﬁme must e detemuneﬁ’fg

applicable in Step 4.1. EXCEPTIONS: (10 For LOIer
naturally terminate at the bottom of the hotleg w1thout op*élw
worksheets and event trees. (2) For LOOP ﬁndmgs in PQS <r‘1ffa11ure of the cavity seal could
occur following LOOP or SBO, ther u%e the LG)OP POS 2

-worksheets. If the cavity seal stays
intact, then the finding is screened green

the W?{E.S.EE% : Table 9 c%‘n be'used to estlmate tlme to core damage from hot leg
rm p‘lane con :

Step4.2.2 L etenmne the remaining creditable mitigation capability for each safety
function assmmng the occurrence of the initiating event, and using the reported status of
lant, eqmpment and the times to boiling and core damage. The various Safety Functions
ee&ed to mitigate the specific initiating event are listed in the first column of the SDP
Worksheet. The creditable plant-specific capability that is potentially available to satisfy
the safety function is described in the second column, entitled Success Criteria and
Important Instrumentation. Use the Event Tree associated with the Worksheet to help
understand the successes and failures associated with each accident sequence.
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Step 4.2.2.1 Determine the Equipment Credit based on the remaining
equipment capability for each affected safety function. Use guidance in Tables 7
and 8, and notes in the Worksheet to enter the Equipment Credit in the third
column of the Worksheet. Document key assumptions. Any credited equipment
must be monitored by the licensee under the provisions of 10 CFR 50.65 (the
Maintenance Rule).

Step 4.2.2.2 Determine the Operator Credit based on thé time 4nd complexity of

4‘\

s $:€155 9 3
operator actions to use the available equlpme}}t to acmingthe fé’ach safety
function. Take into account the avallablhtg(fof:mstrument ion;a

procedures for the operator Table 6 provides general gmdaﬁgg or.o perator credlts

,,hw R

the Fmdmg Use the Event Tree assocxated ’
L
successes and failures assomatec)lgwnh each acc1de
Ask:;— 2409 %
Step 4.2.3.1 Enter thmfltlgatlon ‘Credit m fhe form of a additive equation of
Credit for Functioris from the uyper secnon ) of the worksheet for each Core
Damage Sequence.wFor example take‘the’Core Damage Sequence is LOLC - SG
. - BLEED - RHR“S Ifthe Crcdlf'“for Functlon for SGis 0 (meamng steam

,_,{,,,,\ -

§,\§ » 23.2 Recovery %;Eht IS NOT used for precursor findings since recovery
4 *alfeadyfactorcd mto ‘the avmlablhty of the safety functions. Therefore, the

3
8
<ft
3 _.
i)
ik
E
m
=y
Q
E.
B
o,
]
e
%)
-
o
E

Step 4.2. 3.3 §§um these credit values (IEL + Mitigation Credit + Recovery) for
each seq%ence and enter the value in the Result column. Go to Step 4.4.

Step 4.3 Evaluatlon of Mitigation Capability for Condition Findings

Us ‘the SDP :Jyorksheet(s) that contain the POSs and initiating events that were determined to be
apphca"blem Step 4.2. Detailed guidance for initiating event characterization can be found in
Sections 6.6 of the Basis Document. Perform the following steps on the Worksheet for each
applicable POS and initiating event.
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Step 4.3.1 Enter the time to boiling, the time to core uncovery, and the time to core
damage in the first line of the Worksheet. Table 9 can be used to help estimate time to
core uncovery and core damage from hot leg midplane conditions with a vented RCS.
Often, time to boiling is tracked and monitored by the licensee.

Step 4.3.2 Determine which Core Damage Sequences are affected by the ﬁndmg Circle
the affected safety function(s) in the Core Damage Sequences in the lowerdrea of the
Worksheet. Write the IEL in each row of the lower section of tha>worksheet that
corresponds to an affected sequence. Y

s'afety funcnon‘s{’?

assuming the occurrence of the initiating event, anﬁ using the/;eporte'ctl&?gt{a}ﬁfs”éf plant” },
equipment and the times to boiling and core dar;gage The various Safety Funcn8ﬁ§
Needed to mitigate the specific initiating event are hg'“féévﬁn the first column 6f the SDP

Worksheet. ThlS step only needs to be done for safety funcnons that appear in affected

safety functions affected by the ﬁndmg.,ﬂ‘U Event Tree assbc1ated with the

5 Ak

sequence.

: £y =
Step 4.3.2.1 Det%rmme the Equmment Credit based on the remaining
equlpment capabxhty for each faffected safety functlon Use gu1dance in Tables 7

da il A

he Ogerator Credlt based on the time and complexity of

Step 4 3.28 Determine the Credit for Function for each Safety Function Needed.
Selectf the lower of Equipment Credit and Operator Credit, and enter the value in
this column

e

4. 3 Working in the lower section of the Worksheet, determine the risk increase for
the“Findmg Use the Event Tree associated with the Worksheet to help understand the
successes and failures associated with each accident sequence.
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Step 4.3.3.1 Enter the Mitigation Credit in the form of a additive equation of
Credit for Functions from the upper section of the worksheet for each Core
Damage Sequence. For example, take the Core Damage Sequence is LOLC - SG
- BLEED - RHR-S. If the Credit for Function for SG is 0 (meaning steam
generators are not available), for BLEED is 4 and for RHR-S is 2, enter 0+4+2
into the Mitigation Credit column.

Step 4.3.3.2 Enter the Recovery credit and document th‘%ﬁglue 10 box
provided at the bottom of the Worksheet. F%rgphasc 2 {an ys‘ fthe recovery

credit is not used.

et
The risk significance of an 1nspect10n iﬁn’dmggs determmed in the same manner as for at-
power findings. Use IMC 0609 Appendlx A%Step
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5.0 FIGURES, TABLES, WORKSHEETS AND EVENT TREES
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Table 1 Initiating Event Likelihoods (IELs) gél\:OLC Precursorsy. .. ........ 13
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Table 3 Initiating Event Likelihoods (Els);fgi'ﬂgdi Precursors .. 12
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Table 6 1

Table 7 Mitigation Capability Credits for Installed Equipment: 2. ................... ...

Table 8 lgg}iipment
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53 Worksheets and Event Trees

Worksheet 1
Worksheet 2
Worksheet 3
Worksheet 4
Worksheet 5
Worksheet 6
Worksheet 7
Worksheet 8

Worksheet 9

Loss of Level Control in POS 1
Loss of Level Control in POS 2
Loss of Offsite Power in POS 1
Loss of Offsite Power in POS 2
Loss of Inventory inPOS 1 ...
Loss of Inventory in POS 2 . ..

Loss of Inventory in POS 3 ...

October 24, 2002
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Figure 1 Determination of Applicable POSs and Time Windows - PWRs

TS Modes
HSD CsD Refueling CsD HSD
POS Groups |g >|4 ,|4 >I4 ,}4 p{ Estimated
(PGs) and Time Duration |Applicable PGs & TWs
Windows (TWs) POS Group Timing (in days)
RHR Start Level at Level at RCS RHR
Initiated Drailning 2I3' 2|3’ Ref;lled Off
I | | |
TW-E
TW-L
PG | PG IIMTW-E PG I/TW-L
PG Il PG IIITW-E PG II/ITW-L
PG Il PG Il
Dates
Exposure Time
October 24, 2002 -13- PWR




Table 1 - Initiating Event Likelihood (IELs) For LOLC Precursors

Time to RHR loss
due to loss of
RHR function due
to loss of NPSH
or vortexing
assuming no
successful
operator action

Was RCS Level Indic..
Reasonable Reflection
of RCS level ?

AND
Is DHR flow indic. &

DHR motor current
available

Can Action to
Recover RHR be

identified within 12

time to RHR loss?

Eg. Decrease RHR
pump flow rate"éora,!5

FT0uT

increase RCS ‘leve“l
,}

Can Action to
Recover RHR be
performed within
¥ time to RHR
loss?

Estimated
IEL

LOLC occurred N/A
OR X<10 min.
10<x< 30 min. YES 1
10<x< 30min. NO 0
10<X <30min. YES 0
10<x< 30 min. 0
30<x< 60 min. 2
30<x< 60min. 0
30<X <60min. 0
0
3
1
1HR<X<4H§:,§;&& YES N/A 0
lHR<X 4HR NO 0
YES 3
Yes 1
N/A 0
NO 0

October 24, 2002
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Table 2 - Initiating Event Likelih'oods (IELs) for LOOP Precursors

Type of LOOP precursor Estimated Initiator Rating
Actual LOOP occurred 0

Work Activities have the potential to
affect existing power supplies
(example: crane operating close to a
Reserve Auxiliary Transformer
supplying power to RHR without
adequate controls on its movement)

October 24, 2002 -15- PWR



Table 3 - Initiating Event Likelihood (IELs) For LOI Precursors

Time to RHR loss
due to loss of RHR
pump suction Given
no successful
operator action

(X =time to loss of

Was RCS Level Indic..
Reasonable

Reflection of

RCS level ?

AND

Can leak
path be
readily
identified
within Y2
time to 10§§

Can drain path be
isolated by at least
one functional

valve such tha&a??’

train SFRHR.¢an
W
beré tarteé

Estimated
IEL

RHR pump suction) | Is DHR flow indic. &
DHR motor current
available (LOLC events
only)
LOI occurred N/A N/A
X<10 min.
10<x< 30 min. YES 1

10<x< 30min. 0
10<X <30min. 0
10<x< 30 min. 0
30<x< 60 min. 2
30<x< 60min. 0
0
0
3
1
0
0
3
1
0
0

TABLE 4 - INITIATING EVENT LIKELIHOODS (IELs) FOR LORHR PRECURSORS

October 24, 2002
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Findings affecting loss of the operating train of RHR and RHR supports system including CCW, SRW, AC, DC

Time to RHR loss Trouble Alarms Present Can Action to Can Action Estimated
given no successful | for Finding AND Core Recover RHR be to Recover IEL
operator action Exit Thermocouples identified within 2 | RHR be
(CETs) time to RHR loss?
Eg. RHR recovery
Ex. DHR high temp. procedures, Support
DHR low flow System Recovery
Ao il
procedureg;ﬁ””f”
Support System 4
Trouble Alarms
Ex. CCW low flow
LORHR occurred N/A
OR< 10 minutes
10<X<30 min. Yes 1
10<X< 30 min. 0
10 <X< 30min. 0
10<X< 30 min. 0
30<X< 60min. 2
30<X< 60min. 0
30<X< 60miin._ 0
‘ 0
3
1hr <X< 4 hr.g 1
1 hr <x&a'hr. 0
0
3
1
0
0

October 24, 2002
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Table 5 - Initiating Event Ll;ke]ihoods (IELs) for Condition Findings - PWRs

Row Approximate Example Event Type
Conditional
Frequency

) ¢ >1per1-10yr Loss of offsite power (LOOP),
Loss of RHR (LORHR)

II | 1per10-10%yr Loss of Inventory (LOT)

I | 1per10-10°yr Loss of Level Control
(LOLC)!

0 day

st bt

At
Exi»

e

'Loss of level control failure is dominated by likelihood of overdraining to reach midloop
conditions (this is a demand failure)

October 24, 2002 -18- PWR



Table 6 - Adjustment to Credits for Operator Actions
To Use:

Take operator action from work sheet and adjust credits using rows 1, 2, and 3.

ROW | Factors Affecting

Operator Action eOperator Action
Credit ; Credlt &
R £
1 TIME TO COMPLETE | d{eiiuce cred1t~by 1
OPERATOR ACTION
No changg in
credit
Increase credit by
1
2 COMPLEXITY OF Reduce credit by 1
ACTION or by 2 (depending
on severity)
Additional complicating
factors (list not

exhaustive)

No change

AVAILA{BILITY OF Unavailable or Providing Erroneous | Reduce credit by 2
"INSTRUMENTATION Indication.

Same as worksheet No changé

Table 7 - Mitigation Capability Credits for Installed Equipment

October 24, 2002 -19- PWR



Type of Remaining Capability

Remaining
Capability
Rating

Recovery of Failed Train

Operator action to recover failed equipment that is capable of being recovered after an initiating event
occurs. Action may take place either in the control room or outside the control room and is assumed to £33
have a failure probabxllty of approximately 0.1 when credited as “Remaining Mitigation Capability.” }y

Credit should be given only if the following criteria are satisfied: "(1) sufficient time is available; %= %,?\\
environmental conditions allow access, where needed; (3) procedures exist; (4) training is conducted onsd,
the existing procedures under similar conditions; and (5) any equipment needed to perform these actmns?Z
is available and ready for use. '

1 Automatic Steam-Driven (ASD) Train

A collection of associated equipment that includes a single turbine-driven component to provide 100% of
a specified safety function. The probability of such 2 train bexkng_ unavailable due to failure, test, or
maintenance is assumed to be approximately 0.1 when credited as “Remaining Mitigation Capability.”

fr Sl vy

‘;éz»@(

e
‘-,;3:»
'3‘ i

1 Train

A collection of associated equipment (e.g., pumps, valves, breakers, etc.) that together can provide 100%
of a specified safety function. The probability of this equipment being unavailable due to failure, test, or
maintenance is approximately 1E-2 when credited as “Rema;mng Mmganon Capabxhty -

1 Multi-Train System

Px.

A system comprised of two or more trains (as; deﬁned above) that are consxdered susceptible to common

cause failure modes. The probability of this equipment being unavailable due to failure, test, or

maintenance xs apprommaxely 1E-3 when credned as “Remmmng Mitigation Capability,” regardless of
it i

s G §.3-. WS
A system comprised of two trains (as deﬁned above) that are not considered to be susceptible to common
cause failure modes. The probablhty of this equipment being unavailable due to failure, test, or
maintenance is approxxmately 1E-4 when'credited as “Remaining Mitigation Capability.”

4 (=2+2)

Support Syst}ms"(gde dmsxgﬁ)

Qctober 24, 2002 -20-
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TABLE 8 - CREDIT FOR

TEMPORARY EQUIPMENT

Mitigation Capability

Credits

Equipment available during power operation and
available during shutdown operation

Use credit similar to at-power SDP; manual
alignment and actuation may be needed limiting
the credit to the credit for operator action

Temporary Equipment (e.g. skid mounted diesel)
that is available during shutdown; equipment and
tools needed are staged for quick hookup

October 24, 2002

21-
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TABLE 9 - Definitions and Characterizations of Time Windows
from the Surry Shutdown PRA (NUREG/CR-6144 Table 5.4-20) assuming a vented RCS
(RCS temperature initially 140F)

Window 1 Window 2 Window 3 Window 4

Definitions <75 hrs 75 hrs < X <240 hrs 240 hrs <X < 32 days 32 days <X
Decay Heat 13MW (2 days) | 10 MW (5 days) 7 MW (12 days) 5 MW (32 days)
TBB (from 15 min., 20 min, 27 min, 37 min.
midloop)
Time to Core | 120 min., 157 min, 209 min. 273 min.
Uncovery
Time to Core | 219 min. 297 min, 411 min, 557min,
Damage

October 24, 2002 -22- PWR




Loss of Steam RCS Recover Make-up
Level Generator Injection RHR before to RWST
Control Cooling And RWST before CD
Bleed Depletion
LOLC SG FEED&BLEED RHR-R RWSTMU #

OK 1

OK 2

OK 3

CD 4

CD5

Loss of Level Control - PWR POS-1

LOLCA - ' 2002/10/24 Page 4




Worksheet 1. SDP for a Westinghouse 4-Loop Plant — Loss Level Control in POS 1 (LOLC - POS 1)

FILL IN: TIME TO BOILING TIME TO CORE UNCOVERY TIME TO CORE DAMAGE
(NOTE: losses of inventory shorten time to core uncovery and core damage)
Safety Functions Success Criteria and Important Instrumentation: Equip. Credit Operator Credit Credit for Function
Needed:
SG Cooling Operator maintains SG cooling by: (1) maintaining Credit = 3 if supported
Maintained (SG) | adequate level for 24 hours and (2) venting steam from by procedures and
SGs, and (3) keeping RCS closed. Operator needs analyses
SG level and pressure indication.
RCS Injection Operator initiates RCS injection before CD requires: Credit = 4, CD assumed
(FEED& Istandby ECCS train or injection train capable of >3 hrs w/o injection
BLEED) keeping core covered, pressurizer level indic., CETs.
AND
Operator also opens a RCS vent path (ex PORV) for
pressure control.,
RHR recovery Operator fills RCS, vents RHR pumps, and restarts Credit =3 time until
before RWST RHR before RWST depletion, requires: CET w/hi RWST depletion
depletion (RHR- | alarm, RHR inlet/outlet temp indic., RHR flow indic. assumed > 10 hrs
R) w/low alarm
Borated Water Operator initiates RWST makeup before RWST Credit = 1 if needed <16
Makeup before depletion with boric acid transfer pumps and primary hours
CD(RWSTMU) grade water, RWST level indic Credit =2 if nceded > 16
hggrs
Circle Affected Functions IEL Mitigation Credit Recovery Result

LOLC- SG - RHR-R - RWSTMU (4)

LOLC - SG - FEED&BLEED (5)

October 24, 2002 -23- PWR




Identify any operator recovery actions that are credited to directly restore the degraded equipment or initiating event:

If operator actions are required to credit placing mitigation equipment in service or for recovery actions, such credit should be given only 1f the following cnitena are met: 1) sufficient time
is available to implement these actions, 2) environmental conditions allow access where needed, 3) procedures exist, 4) training is conducted on the existing procedures under conditions
similar to the scenario assumed, and 5) any equipment needed to complete these actions is available and ready for use.

Notes: Failure to recover RHR before RWST depletion is assumed to fail recirculation from the sump,
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Loss of RCS Recover Make-up
Level Injection RHR before to RWST
Control before RWST before CD
CD Depletion
LOLC FEED RHR-R RWSTMU #

Loss of Level Control - PWR POS-2

OK

OKl

CD

CD
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Worksheet 2. SDP for a Westinghouse 4-Loop Plant — Loss Level Control in POS 2 (LOLC - POS 2)

FILL IN: TIME TO BOILING TIME TO CORE UNCOVERY TIME TO CORE DAMAGE
(NOTE: losses of inventory shorten time to core uncovery and core damage)
Safety Success Criteria and Important Equip. Credit_ Operator Credit Credit for_
Functions Instrumentation: Function
Needed:
RCS injection Operator initiates RCS injection before CD Credit=5,CD
before CD requires: 1standby ECCS train or injection train assumed >3 hrs w/o
(FEED) capable of keeping core covered, pressuirzer level injection
indic., CETs,
RHR recovery Operator fills RCS, vents RHR pumps, and N/A Credit = 3 time to
before RWST restarts RHR before RWST depletion, requires: RWST depletion
depletion CET wi/hi alarm, RHR inlet/outlet temp indic., >10hrs
(RHR-R) RHR flow indic. w/low alarm
Borated Water | Operator initiates RWST makeup before RWST Credit = 1 if needed
Makeup before | depletion with boric acid transfer pumps and <16 hours
CD(RWSTMU) | primary grade water, RWST level indic Credit = 2 if needed >
16 hours |
Circle Affected Functions IEL Mitigation Credit Recovery Result
LOI - RHR-R-RWSTMU (3)
| LOI-FEED (4)
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Identify any operator recovery actions that are credited to directly restore the degraded equipment or initiating event:

If operator actions are required to credit placing mitigation equipment in service or for recovery actions, such credit should be given only if the following criteria are met: 1) sufficient time
is available to implement these actions, 2) environmental conditions allow access where needed, 3) procedures exist, 4) training is conducted on the existing procedures under conditions
similar to the scenario assumed, and 5) any equipment needed to complete these actions is available and ready for use.

Notes: Failure to recover RHR before RWST depletion is assumed to fail recirculation from the sump.
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Loss of AC Power SG Cooling Recovery of
Offsite Maintained Power within
Power 3 hours
(before CD)
LOOP EAC SGSBO RLOOP3

END-STATE-NAMES

Loss of Offsite Power - PWR POS-

LORHR
OK
OK

CD

1

LOOP -
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Worksheet 3.  SDP for a Westinghouse 4-Loop Plant — Loss of Offsite Power in POS 1 (LOOP - POS 1)

FILL IN: TIME TO BOILING TIME TO CORE UNCOVERY TIME TO CORE DAMAGE
(NOTE: losses of inventory shorten time to core uncovery and core damage)
Safety Functions Success Criteria and Important Instrumentation: Equip. Credit Operator Credit Credit for Function
Needed:
Emergency AC Onc EDG or alternate AC source ? N/A
starts and loads
(EAC)
SG cooling Operator maintains SG cooling by: (1) maintaining Credit = 3 if supported
maintained adequate level for 24 hours and (2) venting steam by procedures and
(SGSBO) from SGs, and (3) keeping RCS closed. Operator analyses
needs SG level and pressure indication.
Operator recovers | Recovery of offsite power before core damage given | Credit = 1 (assumes N/A
offsite power SGSBO failed CD = 3 hours)
before CD
‘Bhﬂ“l’ﬂ
Circle Affected Functions IEL Mitigation Credit Recovery Results

LOOP-EAC-SGSBO-RLOOP3 (3)

Identify any operator recovery actions that are credited to directly restore the degraded equipment or initiating event:

If operator actions are required to credit placing mitigation equipment in service or for recovery actions, such credit should be given only if the following criteria are met. 1) sufficient time
is available to implement these actions, 2) environmental conditions allow access where needed, 3) procedures exist, 4) traiming is conducted on the existing procedures under conditions
stmilar to the scenario assumed, and 5) any equipment needed to complete these actions is available and ready for use.

2|f time to CD minus time to actuate AC source > 1 hr then equipment limited, else credit for alternate source = 0
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Loss of AC Power Gravity Recovery of Recovery of

Offsite Feed Power (EDG Power (EDG

Power before or Offsite) or Offsite)

CD 4 hours 18 hours

LOOP EAC GRAVITY RLOOP4 RLOOP18 END-STATE-NAMES
LORHR
OK
cD
OK
CD

Loss of Offsite Power - PWR POS-2
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Worksheet 4. SDP for a Westinghouse 4-Loop Plant — Loss of Offsite Power in POS 2 (LOOP - POS 2)

FILL IN:

TIME TO BOILING

TIME TO CORE UNCOVERY

TIME TO CORE DAMAGE
(NOTE: Ilosses of inventory shorten time to core uncovery and core damage)

for Each Affected Sequence

Safety Functions Success Criteria and Important Instrumentation: Equip. Credit Operator Credit Credit for Function
Needed:
Emergency AC One EDG or alternate AC source ! N/A
starts and loads
(EAC)
Gravity Feed Operator initiates Gravity Feed assuring SBO before Credit=2
(GRAVITY) core damage, Requires: large RCS vent sufficient to
before CD support gravity feed, RWST inventory, and available
flow path, procedures, and supporting analyses
Operator recovers | Recovery of offsite power before core damage given Credit=1 N/A
offsite power unsuccessful gravity feed (CD assumed at 4 hours)
before CD
(RLOOP4)
Operator recovers | Recovery of offsite power before core damage given Credit=2 N/A
offsite power successful gravity feed (CD assumed at 18 hours)
before CD
(RLOOPI®)
Circle Affected Functions IEL Remaining Mitigation Capability Rating Recovery Result

LOOP-EAC-RLOOPI8 (3)

(5

LOOP-EAC-GRAVITY-RLOOP4

'If time to CD minus time to actuate AC source > 1 hr then equipment limited, else credit for alternate source = 0
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Identify any operator recovery actions that arc credited to dircctly restore the degraded equipment or initiating event:

If operator actions arc required to credit placing mitigation equipment in service or for recovery actions, such credit should be given only if the following cniteria are met: 1) sufficient time
is available to implement these actions, 2) environmental conditions allow access where needed, 3) procedures exist, 4) training is conducted on the existing procedures under conditions
similar to the scenario assumed, and 5) any equipment needed to complete these actions is available and ready for use.
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Loss RCS Leak Leak Isolated SG Vent Path RHR recovery RWST
of Injection Isolated before Cooling for Feed before RWST Makeup
Inventory before RWST Uncovery and depletion Before
Depletion Bleed CD
LOI FEED LEAK-STOP | LEAK-STOP2 SG BLEED RHR-R RWSTMU

ENB-STATE-NAMES

Loss of Inventory - PWR POS-1

OK 1

OK 2

OK 3

CD 4

ch5

OK 6

cb7

oK 8

CD 9

cD10

LOI1 -
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Worksheet 5. SDP for a Westinghouse 4-Loop Plant — Loss of Inventory in POS I (LOI - POSI)

FILL IN:

TIME TO BOILING

TIME TO CORE UNCOVERY

TIME TO CORE DAMAGE
(NOTE: losses of inventory shorten time to core uncovery and core damage)

Safety Functions

Success Criteria and Important Instrumentation:

Equip. Credit

Operator Credit

Credit for Function

Needed:
RCS injection Operator initiates RCS injection before CD requires: Credit = 4, CD assumed
(FEED) I1standby ECCS train or injection train capable of >3 hrs w/o injection

keeping core covered, pressuirzer level indic., CETs, .

Leak Path Operator isolates leak before RWST depletion, Credit = 3 (assumed >10
Terminated requires: one available valve such that RHR can be hrs to depletion)
before RWST restarted (not RHR isolation valves), pressurizer level
depletion (LEAK- | indic. w/ low alarm
STOP)
Leak Path Operator isolates leak before core uncovery, requires: Credit = 2 (assumes leak
Terminated one available valve such that RHR can be restarted path identificd within 30

before core
uncovery given
no FEED
(LEAK-STOP2)

(not RHR isolation valves), pressurizer level indic. w/
low alarm

min, and core uncovery
> lhr)

SG Cooling

Operator maintains SG cooling by: (1) maintaining

Credit = 3, if supported

(SG) adequate level for 24 hours, (2) venting steam from by procedures and
SGS, and (3) keeping the RCS closed. Operator needs analyses
SG level and pressure indic.

RCS Vent path Operator opens a PORYV or vent path large enough to Credit=3

for Feed and remove decay heat

Bleed (BLEED)

RHR recovery Operator fills RCS, vents RHR pumps, and restarts N/A Credit = 3 time until

before RWST RHR before RWST depletion, requires: CET w/hi RWST depletion > 10

depletion alarm, RHR inlet/outlet temp indic., RHR flow indic. hrs

(RHR-R) w/low alarm
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Borated Water
Makeup before
CD(RWSTMU)

Operator initiates RWST makeup before RWST
depletion with boric acid transfer pumps and primary
grade water, RWST level indic

Credit =1 if needed <
16 hours
Credit = 2 if needed >16

Circle Affected Functions

(]
=
o

Mitigation Credit Recovery Result

|

LOI - SG - RHR-R - RWSTMU (4)

LOI-SG-BLEED (5)

LOI- LEAKSTOP-RWSTMU (7)
LOI - FEED - SG - (9)

LOI - FEED - LEAKSTOP2 (10)

Identify any operator recovery actions that are credited to directly restore the degraded equipment or initiating event:

If operator actions are required to credit placing mitigation equipment In service or for recovery actions, such credit should be given only if the following criteria are met: 1)
sufficient time is available to implement these actions, 2) environmental conditions allow access where needed, 3) procedures exist, 4) training is conducted on the existing
procedures under conditions similar to the scenario assumed, and 5) any equipment needed to complete these actions is available and ready for use,

Notes: Failure to recover RHR before RWST depletion is assumed to fail recirculation from the sump.
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Loss RCS Terminated RHR Recovery RWST
of Injection before RWST before Makeup
Inventory before CD Depletion RWST Before
Depletion CD
Lol FEED LEAK-STOP RHR-R RWSTMU

END-STATE-NAMES

Loss of Inventory - PWR POS-2

OK

OK

CD

OK

CcDh

CD

LOI2 -
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Worksheet 6. SDP for a Westinghouse 4-Loop Plant — Loss of Inventory in POS 2 (LOI - POS 2)

FILL IN: TIME TO BOILING TIME TO CORE UNCOVERY TIME TO CORE DAMAGE
(NOTE: losses of inventory shorten time to core uncovery and core damage)
Safety Functions Success Criteria and Important Instrumentation: Equip. Credit Operator Credit Credit for Function
Needed:
RCS injection Operator initiates RCS injection before CD Credit=5,CD
before CD requires: 1standby ECCS train or injection train assumed >3 hrs w/o
(FEED) capable of keeping core covered, pressuirzer level injection
indic., CETs, visual indications
Leak Path Operator isolates leak beforc RWST depletion, Credit = 3 (assumed
Terminated requires: onc available valve such that RHR can be >10 hrs to depletion)
before RWST restarted (not RHR isolation valves), pressurizer
depletion (LEAK- | level indic. w/ low alarm
STOP)?
RHR recovery Operator fills RCS, vents RHR pumps, and N/A Credit = 3 time to
before RWST restarts RHR before RWST depletion, requires: RWST depletion
depletion CET w/hi alarm, RHR inlet/outlet temp indic., >10hrs
(RHR-R) RHR flow indic. w/low alarm
Borated Water Operator initiates RWST makeup before RWST Credit = 1 if needed <
Makeup before depletion with boric acid transfer pumps and 16 hours
CD(RWSTMU) primary grade water, RWST level indic Credit =2 if needed >
16 hours

2If leak path is back to the RWST , then use operator credit = 5 to account that RWST will not deplete but will heat up without

cooling.
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Circle Affected Functions Mitigation Credit Recovery Result

LOI - RHR-R-RWSTMU (3)

LOI- LEAK-ST-RWSTMU (5)

LOI -FEED (6)

Identify any operator recovery actions that are credited to directly restore the degraded equipment or initiating event:

If operator actions are required to credit placing mitigation equipment In service or for recovery actlons, such credit should be given only if the following criteria are met: 1)
sufficient time s available to implement these actions, 2) environmental conditions allow access where needed, 3) procedures exist, 4) training is conducted on the existing
procedures under conditions similar to the scenario assumed, and 5) any equipment needed to complete these actions is available and ready for use,

Notes: Failure to recover RHR before RWST depletion is assumed to fail recirculation from the sump.
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Loss RCS Terminated RHR recovery
of Injection before RCS before water
Inventory Before and makeup inventory
CD Depletion depleted
LOI FEED LEAK-STOP RHR-R

END-STATE-NAMES

Loss of Inventory - PWR POS-3

OK

CD

CD

CD

LOI3 -
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Worksheet 7. SDP for a Westinghouse 4-Loop Plant — Loss of Inventory in POS 3 (LOI - POS 3)

FILL IN: TIME TO BOILING TIME TO CORE UNCOVERY TIME TO CORE DAMAGE
(NOTE: losses of inventory shorten time to core uncovery and core damage)

Safety Functions Success Criteria and Important Instrumentation: Equip. Credit Operator Credit Credit for Function
Needed:
RCS injection Operator initiates RCS injection before CD Credit =5, CD
before CD requires: 1 standby ECCS train or injection train assumed >3 hrs w/o
(FEED) capable of keeping core covered, a source of injection
borated water, RCS level indic., CETs,
Leak terminated | Operator isolates drain path using at least one Credit = 3 time to CD
before RCS functional valve such that RHR can be restarted. assumed > 4 hours

injection cannot
be sustained and

CD occurs

(LEAK-STOP)

RHR recovery Operator fills RCS, vents RHR pumps, and Credit = 3 time to CD
before RCS restarts RHR system. Requires: RCS level, DHR assumed > 4 hours

injection cannot temp inlet/outlet, DHR flow w/low alarm.
be sustained and

CD results (RHR-
Circle Affected Functions IEL Mitigation Credit Recovery Sequence Color
LOI - RHR-R- (2)
LOI - LEAK-STOP (3)
LOI-FEED (4)
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Identify any operator recovery actions that are credited to directly restore the degraded equipment or initiating event:

If operator actions are required to credit placing mitigation equipment inservice or for recovery actions, such credit should be given only if the following criteria aremet: 1) sufficient
time is available to implement these actions, 2) environmental conditions allow access where nceded, 3) procedures exist, 4) training is conducted on the existing procedures under
conditions similar to the scenario assumed, and 5) any equipment needed to complete these actions is available and ready for use.

Notes: Failure to recover RHR heforc RWST depletion is assumed to fail recirculation from the sump.
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Loss of Recover Steam RCS Recover RHR Make-up
RHRIn RHR before Generator Injection before to RWST
POS-1 Boiling Cooling And RWST before CD
Bleed Depletion
LORHR1 RHR-S SG FEED&BLEED RHR-R RWSTMU END-STATE-NAMES
OK
OK
oK
OK
CcD
cD
Loss of RHR - PWR POS-1
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Worksheet 8. SDP for a Westinghouse 4-Loop Plant — Loss of RHR in POS I (LORHR - POS I)

FILL IN:

TIME TO BOILING

TIME TO CORE UNCOVERY

TIME TO CORE DAMAGE
(NOTE: losses of inventory shorten time to core uncovery and core damage)

Safety Functions

Success Criteria and Important Instrumentation:

Equip. Credit'

Operator Credit?

Credit for Function

Needed:
RHR recovery CET wh/hi alarm, RHR inlet/outlet temp indic., Credit=1if TBB>20
before RCS RHR flow indic. w/low alarm minutes
boiling (RHR-S) Credit = 0if TBB <20
minutes
SG Cooling Operator maintains SG cooling by: (1) maintaining Credit = 3, if
(SG) adequate level for 24 hours, (2) venting steam from supported by
SGS, and (3) keeping the RCS closed. Operator procedures and
needs SG level and pressure indic. analyses
RCS injection Operator initiates RCS injection before CD Credit=4,CD
AND bleed requires: Istandby ECCS train or injection train assumed >3 hrs w/o
(FEED&BLEED) | capable of keeping core covered, pressurizer level injection
indic,, CETs,
AND
Operator also opens a RCS vent path (ex PORV) to
control RCS pressure
RHR recovery Operator fills RCS, vents RHR pumps, and Credit =3 time until
before RWST restarts RHR before RWST depletion, requires: RWST depletion > 10
depletion CET w/hi alarm, RHR inlet/outlet temp indic., hrs.
(RHR-R) RHR flow indic. w/low alarm

"If performance deficiency is being transferred from LOOP tree, analyst must consider if the front line systems and necessary
support systems are supported from successful EAC.

?For the safety function RHR-S, when being transferred from LOOP tres, if TBB < 10 minutes and re-start of RHR requires
operator action outside the control room, then operator credit = 0. Otherwise, operator credit = 1.
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Borated Water ' Operator initiates RWST makeup before RWST Credit = 1 if needed <
Makeup before depletion with boric acid transfer pumps and 16 hours
CD(RWSTMU) primary grade water, RWST level indic Credit =2 if needed >

Circle Affected Functions IEL Mitigation Credit Recovery Result
LORHR - RHR-S - SG - RHR-R-
RWSTMU (5)
LORHR - RHR-S - §G -
FEED&BLEED (6)

Identify any operator recovery actions that are credited to directly restore the degraded equipment or initiating event:

If operator actions are required fo credit placing mitigation equipment in service or for recovery actions, such credit should be given only if the following criteria are met: 1)
sufficient time is available to implement these actions, 2) environmental conditions allow access where needed, 3) procedures exist, 4) training is conducted on the existing
procedures under conditions similar to the scenario assumed, and 5) any equipment needed to complete these actions is available and ready for use.

Notes: Failure to recover RHR before RWST depletion is assumed to fail recirculation from the sump.

October 24, 2002 -37- PWR




Loss of Recover RCS Recover Make-up

RHR in RHR hefore Injection RHR before to RWST

POS-2 Boiling RWST before CD
Depletion

LORHR2 RHR-S FEED RHR-R RWSTMU

Loss of RHR - PWR POS-2

OK

OK

OK

CD

CcD

LORHR2 -
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Worksheet 9. SDP for a Westinghouse 4-Loop Plant — Loss of RHR in POS 2 (LORHR - POS 2)

FILL IN:

TIME TO BOILING

TIME TO CORE UNCOVERY

TIME TO CORE DAMAGE

(NOTE: losses of inventory shorten time to core uncovery and core damage)

Safety Functions

Success Criteria and Important Instrumentation:

Equip. Credit '

Operator Credit?

Credit for Function

Needed:
RHR recovery CET w/hi alarm, RHR inlet/outlet temp indic., N/A Credit = 1if TBB>20
before RCS RHR flow indic. w/low alarm minutes
boiling (RHR-S) Credit =0 if TBB <20
minutes
RCS injection Operator initiates RCS injection before CD Credit =5, CD
before CD requires: 1standby ECCS train or injection train assumed >3 hrs w/o
capable of keeping core covered, RCS level indic., injection
CETs,
RHR recovery Operator fills RCS, vents RHR pumps, and N/A Credit = 3 time to
before RWST restarts RHR before RWST depletion, requires: RWST depletion
depletion CET w/hi alarm, RHR inlet/outlet temp indic., >10hrs
(RHR-R) RHR flow indic, w/low alarm
Borated Water Operator initiates RWST makeup before RWST Credit = 1 if needed <
Makeup before depletion with boric acid transfer pumps and 16 hours
CD(RWSTMU) primary grade water, RWST level indic Credit = 2 if needed >

16 hours

'If performance deficiency is being transferred from LOOP tree, analyst must consider if the front line systems and necessary
support systems are supported from successful EAC.

2For the safety function, RHR-S, when being transferred from LOOP tree, if TBB < 10 minute and re-start of RHR requires
operator action outside the control room, then operator credit = 0. Otherwise, operator credit = 1.
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Circle Affected Functions

]
=
|

Mitigation Credit Recovery Result

LORHR - RHR-S - RHR-R -
RWSTMU 4)

LORHR - RHR-S - FEED (5)

Identify any operator recovery actions that are credited to directly restore the degraded equipment or initiating event:

If operator actions are required to credit placing mitigation equipment in service or for recovery actions, such credit should be given only
if the following criteria are met: 1) sufficient time is available to implement these actions, 2) environmental conditions allow access where
needed, 3) procedures exist, 4) training is conducted on the existing procedures under conditions similar to the scenario assumed, and
5) any equipment needed to complete these actions is available and ready for use.

Notes: Failure to recover RHR before RWST depletion is assumed to fail recirculation from the sump.
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6.0 BASIS DOCUMENT
6.0.1 Abstract

This report provides a template for assessing the risk significance of the inspection findings for a
Westinghouse Four Loop (PWR) plant during shutdown conditions. This template is intended for
use in the Significance Determination Process (SDP) for shutdown operanons under the USNRC’s
Risk-Informed Reactor Oversight Process. It supplements the at-power SDP}by considering
shutdown conditions when the residual heat removal (RHR) system is the%ormﬁ means of removing
decay heat. In considering the plant’s characteristics at shutﬁown wexdef ine the plant operatlona]
state (POS) groups and time windows (TWs) (con51denng “the elapsed‘tm_:e roh a shutdc:fwn)
similar to probabilistic risk assessments (PRAs) for shutdown that«s,,mﬂuenc‘% thi mgmﬁcance of
the inspection findings. Because an order-of—magmtude 1mpact on 'Tisk is asses
determining a color (to represent the risk mgmﬁcanc%) Forsthe

Or: ﬂgg inspection ﬁndmgs;wshutdown
characteristics are defined in terms of fewer POS groui) : nd t1me windows than they are in a
shutdown PRA Additional assurnptlons also are madeeto’“allow spectors to quickly assess the

This template is a generic Westmgh%use 4-10”?;; temp 4

characteristics or differences are [notf 1nc1uded Plant-spec1ﬁc features and outage-specific
information will be collected by the user who. then can usé'this template to evaluate the findings of
the mspectlon Guldance is glveﬁ oﬁ usmg,fhe templateﬁ’lt covers the adJustment of the 1n1t1atmg

adjustment’ of credlt for the

o

hrmtatlé‘fls:m the avallabl At

As dir ted in the SRM:SO E( )@97 -168, the staff is inspecting and monitoring licensee
pergoﬁnmce at shutdowg 10, ensure that the licensees are maintaining an adequate mitigation
caqpablhty (equipment, mstrumentatwn policies, procedures, and training). In the Reactor
Overmght Process (ROP) the significance of such inspection findings is assessed, using a Risk
rmed process, called the Significance Determination Process (SDP). Similar to an at-power
SDP zﬂa shgig?ow “__SDP consists of three phases: Phase 1, Definition and Initial Screening of
F"&% d Phase 2, Risk Significance Approximation and Basis; and, Phase 3, Risk Significance
Finalization-and Justification. Fi gure 1 depicts the three-phase shutdown SDP process. A brief
overview of the shutdown SDP including a description of its three phases is given below. IMC
0609 Appendix G, Shutdown Operations Significance Determination Process, has guidance for

conducting a significance determination for the inspection findings during a shutdown.
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Templates have been developed for conducting Phase 2 assessmeént in the SDP for shutdown
operations. The templates supplement the at-power notebooks for addressing the inspection
findings identified during a plant shutdown. They use a similar conceptual approach to that of at-
power Phase 2 SDP and assume that inspectors are familiar with the ideas used in the at-power
notebooks. This report is the template for a Pressurized Water Reactor (PWR) plant, developed
considering a Westinghouse 4—loop de51gn A compamon template also was made for a Boiling

a graded risk-informed process to estimate the increase in' core£ géxama»ge frequency durm g shutdown
: oy e

operations from conditions which contribute to umntended ‘mcreafsesnn risk caused by a licensee’s

deficient performance. Conditions which do NOT represent suc a%d ﬁc1ency, as deterrmned by the

i“‘Safety SDP‘%descnbed in this template
affectrng the frequency of 1mt1at1n gevents,

ted'inlMC 0609 Appendlx Gisusedto charactenze

o -w/‘;#}“?/if P

Findingé with low-51gmﬁcanc§§re set aside. Typically, findings are screened for Phase 2 assessment
before’ ‘determining whet?er@}l’hase 3 assessment is necessary. However, some findings are directly
screened for Phase 3 assessrnent Below, we give examples of findings that are expected to be

s%cree?ed for Phase 2 ‘"'sessment and also list special findings that directly proceed to Phase 3

4 -y ¢ : ’/
Fg{n} mgs Requiring Phase 2 Analysis
S e

S
The following is a sample list of findings that are expected to be screened for a Phase 2 assessment.

. Findings that reveal deficiencies associated with a licensee’s level instrumentation.
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. Findings that reveal an increased likelihood of a loss of offsite power or that the licensee’s
ability to cope with a loss of offsite power is degraded.

. Findings that reveal deficiencies associated with support systems suchas SSW,CCW,SRW,
AC power, and DC power that are necessary to maintain the availability of RHR or standby
RCS injection. £

a]eak‘path or add to the

77 £
e

Finding showing that the licensee cannot estabhs
cannot be reestablished. :

e

} 525
bypassing Phase 2. Examples of such ﬁndmgs are as follgws
£ ,dé" \
. Potential over-pressunzatlgn’? 5f low —pressure pxpm g “and deficiencies associated with

maintaining low temperaturc over pressure protectlon

v;p(

. Useﬁgf Nozzle Dar}s w1thout an ad%quate RCS Vent (an adequate vent would prevent nozzle

‘Pha &“;,;ﬁa§“§gs~§pent conducts an order-of-magnitude evaluation of the risk significance of the
mspecuon" 'ﬁndmgs denoted by the colors (Green, White, Yellow, and Red). The Phase 2
asSessthent“As noted earlier, this template is the tool for conducting a Phase 2 assessment. A Phase
3 evaluation is undertaken for inspection findings receiving a color other than Green, i.e., those

findings screened for further evaluation.
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6.1.4 Phase 3 Refined Risk Assessment

Phase 3 of the shutdown SDP further refines or modifies the results of a Phase 2 assessment. It is
anticipated that a Phase 3 analysis would involve further refinement of the human error probabilities
involved in the Phase 2 assessment. It is anticipated that the SRAs would perform the Phase 3
analyses with assistance from staff at headquarters.

6.2 SCOPE AND LIMITATIONS OF THE CURRENT TEMPLATE

the RWST and the pressurizer, a PWR aynot havfeéti e.

Developing a simple, easy-to-use process for egsessmg the:tisk significance of inspection findings
duringa shutdown requlred many assumpuonswand approxnnatlons Durlng a shutdown the plant’s

We used informationifrom shutdown ris k&sessments and past shutdown events (including past
Phase 3 shutdown DP valuatlo\ﬁés)g "i“E’S make assumptions and approximations, especially in the
assessmgnt St human e S ggee every interruption of RHR requires a successful operator response
to prevent core damage‘**operator error is a key contributor to shutdown risk. Operator error appears
in almost every top event/rmtlgatlon path in the shutdown event trees. To simplify the shutdown
event trees, the event trees tfeat each operator error in each of the top events independently. In
reahty, the operator error events can be dependent; they share a cognitive error that is based on the
opegtors failure toun urdérstand the plant conditions and required actions. This cognitive error is the
tai “lure'"‘of the operator to diagnose that a loss of shutdown cooling has taken place and action is
needeﬂ 0 pfev;eﬁi core damage. The cognitive element was not explicitly treated in the event trees.
Thé' operator error included in the event trees is failure for the operator to execute each top event in

the core damage scenario.
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When the operator has: (1) RCS level indication that is reflective of plant conditions and (2) RCS
low level alarms and RCS high temperature alarms, the failure of the operator to acknowledge that
a shutdown event occurred and action is required before core damage is not perceived as a dominant
contributor to shutdown risk. This error probability is also reduced during shutdown since (1) the
RCS may be open and RCS boiling would be observed well before core damage, and (2) the licensee
has many personnel performing maintenance and testing around the plant and may be observing
adverse conditions such as inventory losses.

to allow the inspector to scale up each operator error
execution failure probability for each mitigation path woul
ability for the operator to diagnose a loss of RHR.

does not provide any information on frontline system dgpenden nei *»\y% ask the user to refer to the
system-dependency table provided in the at-power Notebooks: ;Howev‘er the inspector has to

consider additional dependenmes for addmonal sxstems/funcnoﬁésmotneeded at full power (e.g.,

R e

pressure injection pump bearing and mo}oﬁcoolmg Af the {um S’pumpmg cool water (< 120F).

;f
Once ainding has bee ’tlﬁcd by the inspector as requiring Phase 2 analysis, the inspector

must?ﬁéterrmne whether%e ﬁndmg Tepresents a precursor to a loss of RHR or the finding

ratmg trani‘%f RHR These findings increase the likelihood of an initiating event, i.e.,

£

the); are precursors to the initiating event or they define a condition which makes the initiating

e

eventmore hke]y Examples of such findings include:
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. Losses of inventory that are terminated before midloop conditions are reached and before
RHR pump suction could be lost. This type of finding increases the likelihood of a loss
of the RHR function due to a loss of inventory.

. Switchyard activities that increase the likelihood of a loss of offsite power, such as a
crane operating too close to a reserve auxiliary transformer. This type of ﬁndmg
increases the likelihood of a loss of offsite power event which would result ;m a loss of
the RHR function.

. Performance deficiencies associated with the RHI} upport systems, (such‘as aloss of
mventory from the CCW system) increase the hkehh 5od ofl g loss of the operating train of

Condition findings include findings that ONLY mvolvq a degradano of :thehcensee ’s mitigation
capability. For example, during POS 1 and PQ§ 2 the hc_ensee planned 16 have two EDG’s
available, but both were found to have coolantan the; cylmdg};s. Clearly, a loss of offsite power

initiating event is no more likely, but the plant s ab1hty 0. @successfully mitigate a loss of offsite
power initiating event is reduced. : A

Initiating Event Descriptions

The following-afe the tiating events'considered, with their applicability to the POS groups.
gyywm ) %\ %’

¢ This initiating event category includes losses of RHR resulting from failures of the RHR
system (such RHR pump failure) or failures of the RHR support systems such as loss
+ of CCW, loss: of SRW, loss of vital AC, and loss of DC power. (Loss of offsite power is
wtreated as"f  separate category.) This category also includes interruptions of RHR caused
by"§punous ESFAS signals such as RHR suction valve closure. This initiating event
»category is considered for POS 1 and POS 2. This category is not considered applicable
to POS 3, since the time to core uncovery is assumed to be greater than 24 hours.

Loss of Offsite Power (LOOP) -
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This initiating event category covers losses of offsite power at shutdown which cause an
interruption in DHR. This initiator category is considered for all POSs. For POS 3, the
possibility that a LOOP or SBO could a loss of air to the cavity seal is considered by
using the POS 2 LOOP worksheets.

Loss of Reactor Inventory (LOI) -

This initiating event category includes losses of RCS inventory thatéead 16 a loss of RHR
due to loss of RHR pump suction. Many of these ﬂow dxversw §are fansed from

Other initiators that merit consideration include-those ev:

e,

pressure protection (LTOP), and findings thafmcreés ;

contribution to the core damage frequency than thé four mlgatorsfdlscussed above. For some
inspection findings, their conmbuuon may bee{oﬁxe si gmficant Therefore, they will go directly

qué’nmes were estimated by searching LERs from 1992 to

o st

1998. They rep" sen the frequen 1e condmonal on the plant being in a shutdown

ratmgs of the apphcable categories of initiating events are

employed in evaluatmgithe E:ore-daxnage sequences in the worksheets of the applicable
combinations of POSs and time windows.

;‘}

lj‘or precursor ﬁnd;gng/ findings involving an actual loss of RHR, or findings that involve level
ey mk‘ ¥y

gnstrumentanon Ahat’is not representative of plant conditions, use Tables 1, 2, 3 or 4 for

‘M“ 1he initiator rating. Then, use the guidance in this Chapter for filling in the

worksheets?
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For condition findings, use Table 5 for estimating the initiating event rating. The ratings
correspond to the duration of exposure to the degraded conditions identified by the inspector.
Then, use the guidance in this Chapter for filling in the worksheets.

Definitions of the POSs and Time Windows

The risk significance of an inspection finding depends on the associated shutdown condluon A
unique aspect in assessing the risk significance of a finding during a shutdown, §xhe
consideration of the plant’s changing configuration and level.of decayf; at Dunng development
of a shutdown PRA, the plant’s changing configuration an‘d%ecay heat J ‘
account by dividing the shutdown into plant operational s'tﬁates (POSs and /in
The plant’s response to the initiating events and success, cntena forgmltlgatxon func tions ar

T (‘Aﬁwm

considered to remain unchanged dunng a given POS. From onefnme window 'top

For this template, Figure 3 defines the POSs and Ume "npd&ows for%iPWR plant. It also shows
>wn in the Teéhmcal Specifications

the relationship between the POSs and the modeé’fmd down in

Saliary A

(TSs). We now describe the POSs and Tlme Wmdove?{(TW S).

POS 1- This POS starts when t e RHR system is put;mto service. The RCS is closed such
that the steam generators could be used fondecay heat removal, if the secondary
side of the steam:ﬁenerators are: filled. .II’he RCS may have a bubble in the

inag it Dy

en the RCS is vented such that the steam

POS 2- 'Tlns POS ,starts whe the RCS is vented such that: (1) the steam generators cannot

-
¥ £ i B

kheat rémovéil and (2) a sufficient vent path exists for feed and bleed

subset of it 1s:POS Note: performance deficiencies occurring during a vacuum
refill of the RCS require use of the POS 1 event trees.

Th;lgAPOS represents the shutdown condition with the refueling cavity filled to 23¢
abgve  the vessel flange. A very large amount of coolant inventory is available.
“This POS occurs during Mode 6.

Early Time Window (TW-E)-

This time widow represents the time before POS 3 is entered. The decay heat is relatively
high. The reactor is either in POS 1 or 2.
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Late Time Window (TW-L)-
This time window represents the time after POS group 3. The decay heat is relatively
low. The reactor is eitherin POS 1, 2, 0r 3

The above definitions of the POSs and Time Windows can be used to address different types of
plant shutdowns, i.e., refueling outage, planned maintenance outage, and an unplanned outage.
Depending on the type of outage and its duration, the POSs and TWs can be 1dennﬁed from the
above list. For example all POSs and both TWs will apply to a refueléngho%f};* Only POS 1

Chapter 6.0 of this template

Determining Applicable POSs and Time Windows fox%[g‘specnon‘%indings

Figure 3 is used to determine the applicable POSs s .and tgme wmdows Televant to an inspection
finding. An inspector uses the outage informatién 1o dete tmine the § startmg and ending times of
the POSs and TWs, and enters the dates and'ﬁines 1°' F’giir%ﬁ. The,émspector then notes the
estimated time when the identified degraded ‘condition stzift émd ”(hen it was resolved. A time-
line is drawn connecting the initiation and resolutldn pomté, 1sjs used to obtain an estimate of
the duration of the degraded condmon (m days)‘in Column3 “of the Figure. The time-line of the
degraded condition then is matcheﬂwﬂh the POS and TWftlme-hnes to identify the applicable
POSs and TWs. For example, ardegraded u%ojildmon lastmg the entire refueling outage will

vty

Jm'dows A degraded condition starting after the

ndings. This chapter c'gdnsmts of tables that the analyst uses to estimate the initiator rating
diapendmg on the type of precursor that occurred.

aused a LOLC, go to Table 1.

. For findings that increase the likelihood of a loss of offsite power (LOOP) or actually
caused a LOOP, go to Table 2.
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. For findings that increase the likelihood of a loss of reactor inventory (LOI) or actually
caused a LOI, go to Table 3.

. For findings that increase the likelihood of a loss of the operating train of RHR (LORHR)

or actually caused a LORHR for reasons other than LOLC, LOOP or LOI, go to Table 4.
Findings involving RHR support systems also use Table 4. .

Condition Findings

. i N
For condmon ﬁndmgs the analyst must obtam an mmatmg event hkehhoo Jor EACH POSV_)that

f&‘:}?‘ £ e

notebooks. Then, the analyst enters the initiating evenct;hf( S1iHood in the shutdown workshcets
in the same manner as the full power worksheets. »

6.4.2 Evaluation of Mitigation Capability

G

The SDP worksheets for shutdown are used 1n~the S
using the following guidance.

an
‘?/

' d
a The success criterion of a safety' nction spec1ﬁes What ismeeded, not what might be

available. Therefore, the mspector should use the outage plan determine what equipment

iy

to credit for each safety function.

il

supportjthe functwn of the fronthne sj;stem are available (such as AC power, SRW

R, e Py

NSRS
nstrument au'*etc’) Ifmanual action is required, there must be enough time to:
7 that mantial actlon 1s needed and (2) execute the manual action after

N

gmz
recogmzmg kt‘lﬁt manual‘*actlon us sheeded.  To credit system availability, these two tasks

SESN

Xi 1be comp]eted rehably within %2 the time that the equipment must

A piece of eqmpment is considered available if all support systems that are necessary to
supyonxhe JPpiece of equipment is available. If manual action is required, there must be
cnough time to: (1) recognize that manual action is needed and (2) execute the manual
action after recognizing that manual action is needed. To credit system availability, these
two tasks should be able to be completed reliably within %2 the time that the equipment
must actuate.
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Q For losses of inventory in POS 1 and POSs 2 that would eventually terminate at the
bottom of the hotleg WITHOUT operator intervention, use the LOLC worksheets but use
the appropriate IEL for LOL

Q Installed equipment is credited similar to the full power worksheets. Use Table 7 for
guidance.

nimal operafor
smernd wp <

v/ If the time available to perform th Ctio;

factor of 2 (e.g., the finding ngurs in¢Tim

OR £ :

v The assumed mstrumentanox}‘spemﬁed m«tile worksheet is not available/not
2 .

: s
Te are ignificant; finding specific, negative performance shaping factors for

ey

operator acti x_gmples include (not lnmted to) : (1) RHR venting cannot

é‘c’l;""}Z) vf;he ablhty;tb vent the RHR pipes is limited due to high points in the

‘suctlorffi‘ipmg, (3) the operator needs to enter an area that has high steam or

m«‘y;{; S TR gk

I‘adlatlo%% evels‘ ‘ot (4) the operator needs special equipment to open a valve that

The inspector should jot down any unique assumptions that significantly influence the
credit given to, the mitigating function at the bottom of the worksheet. These
S, Ay
assgmpggqns -are critical to performing the Phase 3 analysis and these assumptions are
cal to understanding plant specific risk of the finding. For example, if CCW is not
“needed to support high pressure injection and if the ECCS pump is pumping water
cooling than 120F, that assumption should be written down at the bottom of the

worksheet.
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a This template does not provide any information on system dependency or alignment
during shutdown. We refer the user to the system-dependency table of at-power plant-
specific SDP notebook. However, the inspector has to consider additional dependencies
for additional systems/functions not needed at full power (e.g., AC power for containment
closure). The inspector also has to consider whether the support system is needed for the
frontline system at shutdown. For example, for some licensees, CCW may not be
required for high pressure injection pump bearing and motor coohng if thedﬁ?imp is
pumping cool water (< 120F).

Lo
a Representative Times to Boiling and Core Damagefbﬁy
conditions can be found in Table 9. :

i1
2

:%’s"’f

f?‘sgfv

0 Time to RWST depletion can be estimated by using gpm,o/fﬁ'v:'ater neede
boiloff.

a Finally, the availability of standby RCS mjectmn*%ﬁong with ¢ operator error drives

Ol X

shutdown risk. As long as standby 1nJect10n 1s<z§vmlable mmmdsvcases standby injection
o

ions;such as: leakpath't termination and RHR
1l ’ _tandby RCS, mjectlon unavailable
such as: gas intrusion, system unavmlgbiht etc"then thes%factors (assumptions)

Yyt
become risk significant and should be assessed ca?efully
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