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APPENDlX A - SPENT FUEL POOL MODEL

This appendix summarizes the event tree / fault tme developed in this study to analyze spent
fuel pool risk for a variety of plant configurations and operating practices. We following sections
discuss the modeling approach, the key model featums, the initiating events tmated, the event tmes
for sequences leading to pool heatup and event trees for post heatup sequences, and system fault
trees. Appendix B discusses the quantincation of basic events, Appendix C discusses the human
n: liability analysis, and Appendix D provides the key modeling assumptions.

A.1 Modeling Approach

This study is aimed at the quantitative evaluation of loss of spent fuel pool cooling (SFPC)
scenarios up to the point of pool boiling and the qualitative evaluation of the risk associated with
these scenarios. The risk stems from three groups of scenarios: those that involve the active fuel in
the core, those that involve the spent fuelin the spent fuel pool, and those that involve both. The
models developed in this study address all three groups.

It is useful to note that, with respect to scenarios that can affect the core, the modeling
approach employed is analogous to that used in the analysis of the so-called external events (e.g.,
intemal Gres). This approach divides the accident scenario analysis into three portions: a) the
quantitative hazard analysis (e.g., the frequency of fires of a given size in a given location), b) the
equipment fragility analysis (e.g., the conditional probability of damage to a given set of
equipment, given the fire), and c) the plant response analysis (e.g., the conditional probability of
core damage, given the loss of the given set of equipment). In simplified mathematical form,

CDF = [ Aj$gj$cdij.ed (A.1) ,

j

whem A is the frequency of hazard scenario j, $ is the conditional probability of equipmentj 4
damage, given hazard scenario j, and $y is the conditional probability of core damage, given
equipment damage and hazard scenarioj.

1

In this study, it can be seen that A corresponds to the near boiling fmquency (NBF) |j
associated with a given scenario; this is assessed quantitatively. De term $ , on the other hand,4
is not quantined in this work. (This tenn is highly dependent on the particular geometry,
equipment layout, and ventilation conditions for the plant being analyzed. Furthermore, the
analysis of heat and mass transport needed to support quantification is beyond the scope of this i

limited study.) Qualitative issues affecting the likelihood of equipment damage are discussed in the l

main body of this report. The term $,is not treated in this work, but can be quantified using the j

intemal events model for the plant in question, as long as the likelihood of operator errors is not
drastically affected by the spent fuel pool boiling event.
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A.2 Key Features

he SAPHIRE Version 5.0 [A.1] software package is used to implement the event / tree
fault tree model documented in this appendix. The fault tme linking approach employed by
SAPHIRE ensures that shared equipment dependencies between top events (e.g., due to common
support systems) are properly treated. Other dependencies (e.g., sequence-dependent human error
probabilities) are treated using the SAPHIRE capability to employ user-defined rules for assigning
different fault trees to different event sequences.

Note that the models described in the following sections are based largely on the
Susquehanna plant, a two-unit boiling water reactor with two spent fuel pools, a SFPC system
powemd off of a non-safety bus and cooled by non-safety service water, residual heat removal
(RHR) assist cooling as backup to the SFPC system, and a safety-related emergency service water
systern to provide makeup when nonnal pool makeup is unavailable or inadequate. He event tree
models are expected to be generic enough to allow analysis of a variety of other plant
configurations. (For example, they can treat plants where the fuel pools are not cross-tied, as they
are at Susquehanna.) However, the success criteria and the fault trees developed are appropriate to
Susquehanna.

A.3 initiating Events and Cases

The initiating events modeled are derived from the master logic diagram shown in Figure
A.1, comparison with the list ofinitiating events treated in Ref. A.2, and comparison with the list
of initiating events treated in Refs. A.2 and A.3. He classes of initiating events treated in this
study are as follows:

Loss of Spent Fuel Pool Cooling System (LOSFP).

His event includes loss of the SFPC system due to hardware failures and human errors. It
also includes system loss due to loss of cooling to the SFPC heat exchangers and due to
internal flooding and fires.

Note that in principle, the loss of heat exchanger cooling, internal flooding, and internal
fires should be treated as separate initiating events, since these causes for loss of SFPC
might also affect other parts of the plant. (At Susquehanna, heat exchanger cooling is
nonnally provided by a non-safety service water system.) These events are intentionally
grouped with direct losses of SFPC because of the limited scope of this study, and because
the results of Ref. A.2 indicate that, at least in the case of Susquehanna, the contributions
to risk from the loss of service water and internal flooding initiators are relatively small.

Loss of Offsite Power (LOOP)-

In this analysis, the LOOP event includes the extended LOOP and station blackout (SBO)
events.

A-2
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Figure A.1 - Master Logic Diagram for Spent Fuel Pools
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Imss of Spent Fuel Pool Inventory (LINVR) -4 *
; ;

j nis event includes losses of inventory from leaks / breaks from the failure of piping or. i

L gates / seals. Only leaks / breaks for which the outgoing flow rate exceeds the normal i
. makeup flow rate are considered. Losses of inventory due to structural failure of the spent |;

| fuel pool boundary (e.g., due to missiles, heavy load drops, thermal stresses) are not ;
treated. This category of events may need to be re-examined, depending on the quantitative ;

;j results of the models documented in this study. *

'

Ii _ Loss of Primary Coolant (PLOCA)*

i His event covers pipe break LOCAs in an operating unit and special outage-associated :

] - LOCAs (both "J" LOCAs, i.e., connected system LOCAs, and "K" LOCAs, i.e., ;

) maintenance-induced LOCAs)in a unit undergoing refueling. LOCAs during operation are i

j of potential concern because they can, for some plant designs, lead to an automatic trip of ,

the SFPC system, and because they create a demand for the RHR system, which serves as !-

i an attemate cooling system for the spent fuel pool. In the case of the J and K LOCAs, the
l event provides a potential means for quickly draining the spent fuel pool down to the |
; bottom of the transfer gate.

:
'

Seismic Events (EQE) |i .

!

His event covers seismically-induced losses of offsite power, SFPC piping mtegrity, and {|
'

! spent fuel pool boundary integrity. Two classes of earthquakes are treated: those with peak
ground acceleration (PGA) between 0.2g and 0.6g, and those with PGA above 0.6g.

'

!

He specific initiating events addressed in this analysis are listed in Table A.I. Events i

occurring during refueling are treated differently than those that occur during operation. In the case
of LOSFP and LOOP, distinctions are also drawn for events occurring during a 1/3 core offload'

;

i refueling and those occurring during a full core offload refueling. ,

! ;

i ne following different plant configurations (" cases") are analyzed. Table A.2 presents a ;

; comparison of the cases considered in this study and those considered in Ref. A.2. !

.
.

Case 1 - Both units operating. |j *

1
,

;Case 2 - Unit 2 operating, Unit I refueling (1/3 core offload).*

1

Case 3 - Unit 2 operating, Unit I refueling (full core offload).*

i
i.

.

T
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Table A.1 - Initiating Event Fmquencies (Instantaneous) |

Inhimuna Event Desabwian ' Ivm(/yr) Sourm

LSFPI loss of SFPC system, Case 1 2.4E-2 Data (see Am.B) f
LSFP2 less of SFPC system, Case 2 2.8E-1 lhta(see Am.B) !

LSFP3 less of SFPC system. Case 3 2.8E-1 Data (see Am. B)

LPI tm6s of offsite power. Case 1 8.0E-2 Ref. A.4 >

I.P2 less of offsite power. Case 2 8.0E-2 Ref. A.4 ;

LP3 loss of offsite power. Casc 3 8.0E-2 Ref. A.4 [

LINVC larne loss of inventory, Case 1 2.0E 3 Data (see Am.B) |

LINCS ' Smalllons ofinventory Case 1 5.0E-3 Data (see App.B) |
1.INVR larse loss ofinventory, Cases 2 and 3 2.0E-2 Data (see App.B) !

1.INRS Small loss ofinventory, Cam 2 and 3 3.0E-2 Data (see Am.B) f

Pl.OCA Pnmary LOCA, Case 1 1.5E-2 Ref. A.5 !

PLOCR Pnmary LOCA, Cam 2 and 3 1.2E-1 Ref. A.6, A.7 (see A.pp. B) !

EOE Seismic event (0.2g < PGA s 0.6g)* 1.2E-4 Ref. A.8 f
,

i

*Eanhquakes with PGA > 0.6g are for the purposes of this analysis, assumed to lead directly to core damage (with
!

frequency 3.2E-6/yr).
;

i

Table A.2 - Mapping ofINEL and Ref. A.2 Cases

Unit 2 operating, Unit 2 operating,
Unit I refueling Unit I refueling

Both units operating (1/3 core discharge) (full com discharge)

INEL Case # 1 2 3

Ref. 3 Case # 1,2 3, 4, S' 3,4,5

'Not clear if Ref. A.2 tmats 1/3 com discharges

.

L'

1'
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A.4 NSF Event Trees and Success Criteria )
,

j In general, the structure and level of detail of the NBF event tmes am similar to those of j

j the event trees presented in Ref. A.2. The three key differences are as follows. }
i ;

i 1) Dose tmes that modelinitiators with potential dimet impacts on the core (LOOP, seismic, !

PLOCA) include a top event (UNREC) indicating if mcovery is uncomplicated. Assuming (.

| that operators are generally more concerned with the core than the spent fuel pool, a !
~

| complicated recovery can inhibit the operators from devoting sufficient resoumes to deal j
: with the spent fuel pool in a timely fashion. Appendix B provides the operational defm' ition |

| for complicated scenarios used in this analysis. !
'

i

2) De trees explicitly allow for the possibility that operators will not respond to the initiating ;"

event until pool boiling occurs. This delay can be due to lack of awareness (e.g., failed ;.

; instrumentation) or distraction (e.g., due to a complicated recovery). Note that the AEOD ;

i database includes a number of events in which operator response was delayed for many j

j hours, although none were delayed to such an extent that pool boiling occurred. ;

I !

! 3) De LOOP, seismic, and primary LOCA trees mpmsent the possibility of " direct core
i damage" (i.e., core damage not due to the consequences of a spent fuel pool scenario) for i

'

complicated scenarios. The purpose of this tmatment is to ensure that any final core
j damage frequency estimates developed from the results of this study do not double count
; risk contributing scenarios. (Thus, for example, station blackout scenarios which lead ;

j- directly to core damage are not included in the NBF estimation, even though they could |
lead to pool boiling.) !

,

| This section contains the event trees for near boiling frequency (NBF), the top event !

definitions, and the success criteria associated with each top event. The event trees appear on the |
1 following pages: |

I.

initiating Event Cinc. Cace Unitiating Event) Egggs !
Loss of spent fuel pool cooliag, Case 1 (LSFPI) A.9-A.10 ;

Loss of spent fuel pool cooling, Case 2 (LSFP2) A.11-A.12 j
Loss of spent fuel pool cooling, Case 3 (LSFP3) A.13- A.14 |
Loss of offsite power, Case 1 (LPI) A.18-A.21 |
Loss of offsite power, Case 2 (LP2) A.22-A.25 |
Loss of offsite power, Case 3 (LP3) A.26-A.29 ;
Large loss of inventory, Case 1 (LINVC) A.35 L

Small loss of inventory, Case 1 (LINCS) A.36
Large loss of inventory, Cases 2 and 3 (LINVR) A.37
Small loss of inventory, Cases 2 and 3 (LINRS) A.38 |
Primary LOCA, Case 1 (PLOCA) A.42-A.43 i

Primary LOCA, Cases 2 and 3 (PLOCR)' A.44
Seismic event (EQE) A.48

A.6
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.

The endstates for these trees are defined as follows: ;
:

OK Scenario recovery is successful

CD Core damage
i

FPIS1 - Boiling; scenario involves loss of SFPC, spent fuel pool (SFP) level is not maintained
.

FPIS2 Near boiling of SFP; scenario involves late restoration of SFPC
'

!

FPIS3 Steaming; scenario involves use of attemate cooling system; SFP level is maintained ;

FPSF1 Combination of end states FPISI (boiling) and FPISF (flooding) j

FPSF2 Combination of end states FPIS2 (near boiling) and FPISF (flooding) ,

'

FPSF3 Combination of end states FPIS3 (steaming) and FPISF (flooding)

Note.that the direct core damage (CD) endstate is treated only to ensure that scenarios
'

which lead to core damage before pool boiling are excluded from the analysis; the CD endstate is j

not modeled for some sequences where SFP cooling is assured. The resulting CD endstate
frequencies are provided for accounting purposes only, and should not be interpreted as

-

representing the total core damage frequency.

!
l

;

!

!

4

i

r

;

i

!

1

i
;

4
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A.4.1 Loss of Spent Fuel Pool Cooling

Three event trees are used to model this class of initiating events. Event tree LSFP1 deals
with Case 1 LSFP2 deals with Case 2, and LSFP3 deals with Case 3. The event trees, top event
definitions, and success criteria are listed in the following pages. Note that each event tree has one
transfer tree.

|
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Top Event Definitions - Loss of Spent Fuel Pool Cooling System Event Trees

LSFPI Loss of SFPC system at Unit I while both units are operating (Case 1). (Inidating
events LSFP2 and LSFP3 treat Cases 2 and 3.) This imtiating event is analyzed only
for cases whem the spent fuel pools am not inidally cross-connected.

FGATE A flag event: the plant being modeled has the capability to cross-connect the spent fuel
pool by opening a gate (or gates). (Note that the upward branches in the event tree, per
the usual convention, represent a "yes or success" answer to the top event question.)

.

GSTAT Status of cross-connect gate (s): the spent fuel pools am cross connected or not at the ,

dme ofinidating event.

OER Operator response to the loss of SFPC system: operator attempts to restom SFP cooling
soon after the initiating event.

S1 Restoration of the SFPC system: operators successfully reestablish cooling.
,

GOPEN Opening of the gate: operators successfully open the gate (s) and cross-connect the spent,

fuel pools.i

R1 RHR cooling: operators successfully reestablish cooling using the Unit 1 RHR. ,

LSI Late mstoradon of the SFPC system: similar to the top event S1 except all the actions .

'

must be taken mmotely. (This top event is challenged when the pool has reached near
boiling conditions. It is assumed that by this stage, there are a muldtude of indications
and alarms that will notify the operators of the SFP problems.)

ALT-C Alternate cooling: operators successfully establish evaporative /boiloff cooling by
providing water using alternate cooling (e.g., fire water system).

'

I
4

1

4

1 ;

A.15
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i

,

n

Success Criteria - Loss of Spent Fuel Pool Cooling System Event Trees.

Case 1 (LSFP1)
i

!S1 RI 131 ALTC
i1 of 3 SFPC pumps 1 train RIIR 1 of 3 SFPC pumps - Any available si ernatet4

'
cooling system

4 ,

!,

Case 2 (LSFP2) '

.

S1 RI 131 ALIC |

2 of 3 SFPC pumps I train of RifR 2 of 3 SFPC pumps Any available alternate i

cooling system

Case 3 (LSFP3)
|.

SI R1 LSI AIJC
,

3 of 3 SFPC pumps I train of RIIR 3 of 3 SFPC pumps Any available alternate,

cooling system
I

I

,I

1
I

l
I

i

s

I

i

4

1

<

!

|

|

A.16

|



- - . . . . .. . . - . - . . . - - - - . . . .

'

1

)

l

A.4.2 Loss of Offsite Power

Three event trees are used to model this class of initiating events. Event tree LP1 deals
with Case 1, LP2 deals with Case 2, and LP3 deals with Case 3. The event trees, top event
definitions, and success criteria are listed in the following pages. Note that each event tree has
three transfer trees.

.

k

!

!
,

!

1

J
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Top Event Definitions - Loss of Offsite Power Event Trees

LP1 Site-wide loss of offsite power while both units am in operating mode (Case 1).
(Initiating events LP2 and LP3 tmat Cases 2 and 3 refueling unit; i.e., unit 1, for 1/3
offload and full offload, mspectively.)

'
GSTAT Status of cmss-connect gate (s): the spent fuel pools am cross connected or not at the

time ofinitiating event.
'

DG1N2 Availability of all (four) emergency diesel generators (EDGs).

EPWR Early offsite power recovery: offsite power is recovered in 4 hours. (If all EDGs fail, it
is assumed that the com cannot be cooled past 4 hours since DC power will last only;

for 4 hours.)
<

UNREC Uncomplicated recovery on primary side: operators are not distmeted from restoring
spent fuel pool cooling prior to boihng.

NCD No com damage. This top event is questioned only during scenarios involving ,

complicated recovery.
,

FVPWR A flag event: the plant being modeled has the capability to load SFPC pumps on EDGs.

OER Operator response to the loss of SFPC system: operator attempts to restore SFPC soon
after the initiating event.

SR102 Restoration of the spent fuel pool cooling: operators successfully reestablish cooling,

; using SFPC or RHR from either unit.

LPWR Late offsite power recovery: offsite power is mcovemd after 16 hours. (After 16 hours
it is assumed that RHR cannot be used.)

,

LS102 Late mstoration of the SFPC system: operators successfully reestablish cooling using
SFPC from either unit.

A LT-C Allemate cooling: operators successfully establish evaporative /boiloff cooling by
providing water using the alternate cooling system (e.g., fire water system). I

.

DG102 No station blackout : between 1 and 3 EDGs are available.

S1 Restoration of the SFPC system: operators successfully mestablish cooling to Unit 1
SFP.

,

S2 Restoration of the SFPC system: operators successfully mestablish cooling to Unit 2
SFP.

GOPEN Opening of the gate: operators successfully open the gate (s) and cross connect the spent
fuel pools if the SFPC in one of the unit fails.

RIR2 RHR cooling: operators successfully mestablish cooling in both SFPs using RHR for I
the respective units. l

LSIN2 Late restoration of the SFPC system: operators successfully reestablish cooling in both
SFPs using SFPC for the respective units.

A.30
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Success Criteria - Loss of Offsite Power Event Tree-

Case 1, Gates Open
DGs Available Offsite Power SRIO2 LSIO2 ALT-C

All Early recovery 2 of 6 SFPC pumps or 2 of 6 SFPC pumps Any available alternate
I train RIIR in any unit cooling system

All Late recovery 1 train RIIR in any unit 2 of 6 SFPC pumps Any available alternate
cooling system

A!! None I train RilR in any unit Not modeled Any available alternate
cooling system

Some Early recovery 2 of 6 SFPC pumps or 1 2 of 6 SFPC pumps Any available alternate
train RIIR in any unit cooling system

Some Late recovery Not modeled 2 of 6 SFPC pumps Any available alternate
cooling system

Some None Not modeled Not modeled Any available alternate
cooling system

None Early recovery Not modeled 2 of 6 SFPC pumps Any available alternate
cooling system

> ,

b Case 1, Gates Not Open
DG power Offsite Power St S2* RIR2 LSIN2 ALTC

All Early recovery I of 3 SFPC pumps in 2 of 3 STPC pumps in I train of RIIR in the 1 of 3 SFPC pumps in Any available alternate
Unit 1 Unit 2 unit where no SFPC each unit cooling system

pump is available

All Late recovery I train of RllR in each I of 3 SFPC pumps in Any available alternate
unit each unit cooling system

All None 1 train RilR in each Not modeled Any available alternate
unit cooling system

Some Early recovery 1 of 3 SFPC pumps in 2 of 3 SFPC pumps in I train RIIR in the unit 1 of 3 SFPC pumps in Any available ahernate
Unit 1 Unit 2 where no SFPC pump is each unit cooling system

available

Some Late recovery Not modeled Not modeled Not modeled 1 of 3 SFPC pumps in Any available alterns:e
each unit cooling system

Some None Not modeled Not modeled Not tr-odeled Not modeled Any available alternate
cooling system

None Early recovery Not modeled Not modeled Not modeled , I of 3 SFPC pumps in Any available alternate
I each unit cooling system

* Given SFPC system in Unit I fails

- - _ _ _ - _ - _ _ - _ _ _ _ _ _ _ __ _ - - _ - - _ .
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Case 2, Gates Open f
DC power Offaite Power SRIO2 LSIO2 ALTC |

All Early recovery 3 of 6 SFPC pumps or 3 of 6 SFPC pumps Any available alternate
I train RHR in any unit 'coolina system

All late recovery I train RHR in any unit 3 of 6 SFPC pumps Any available alternate !

cooling system i

All None I train RHR in any unit Not modeled Any available alternate.

coolina system

Some Early recovery 3 of 6 SFPC pumps or 3 of 6 SFPC pumps Any available alternate [
l train RHR in any unit cooling system [

Some Late recovery Not modeled 3 of 6 SFPC pumps Any available alternate
coolina system

Some None Not modeled Not modeled Any available alternate ;
cooling system

{. None ~ Early recovery Not modeled 3 of 6 SFPC pumps Any available alternate
cooling system

p Case 2, Gates Not Open :

y DG power Offsite Power St S2* RIR2 LSIN2 ALT-C |
All ' Early recovery 2 of 3 SFPC pumps in 2 of 3 SFPC pumps in I train of RIIR in the 2 of 3 SFPC pumps in Any available alternate f

Unit 1 Unit 2 unit where no SFPC each unit cooling system {
tiump is available !

All Late recovery I train of RHR in each 2 of 3 SFPC pumps in Any available alternate ;
' unit each unit cooling system {

All None I train of RHR in each Not modeled Any available alternate '

unit coolina system
,

Some Early recovery 2 of 3 SFPC pumps 2 of 3 SFPC pumps in I train of RilR in the 2 of 3 SFPC pumps in Any available alternate |
Unit i Unit 2 unit where no SFPC each unit cooling system I

pump is available j

| Some Late recovery Not modeled Not modeled Not modeled 2 of 3 SFPC pumps in Any available ahernate !

each unit coolina system
i Some None Not modeled Not modeled Not modeled Not modeled Any available ehernate

,

; coolina system
'

None Early recovery Not modeled Not modeled Not modeled 2 of 3 SFPC pumps in Any available ahernate ,

each unit cooling system
'

* Given SFPC system in Unit I fails

!
.

i
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Case 3, Gates Open
DG power Offsite Power SRIO2 13102 ALT-C

All Early recovery 4 of 6 SFPC pumps or 4 of 6 SFPC pumps Any available alternate
1 train RIIR in any unit cooling system

All Late reovery I train RilR in any unit 4 of 6 SITC pumps Any available alternate
cooling system

All None I train RIIR in any unit Not modeled Any available alternate
cooling system

Some Early recovery 4 of 6 SFPC pumps or 1 4 of 6 SFPC pumps Any available alternate
train RilR in any unit cooling system

Some Late recovery Not modeled 4 of 6 SFPC pumps Any available attemate
cooling system

Some None Not modeled Not modeled Any available alternate
cooling system

None Early recovery Not modeled 4 of 6 SITC pumps Any available alternate
cooling system

p Case 3, Gates Not Open

d DG power Offsite Power 51 52' RIR2 131N2 ALT-C

All Early recovery 3 of 3 SFPC pumps in 3 of 3 SFPC pumps in I train of RllR in the 3 of 3 SITC pumps in Any available alternate
Unit 1 Unit 2 unit where no SFPC Unit 1, I of 3 in Unit 2 cooling system

pump is available

All Late recovery I train of RIIR in each 3 of 3 SFPC pumps in Any available alternate
unit Unit I, I of 3 in Unit 2 cooling system

All None I train of RIIR in each Not modeled Any available alternate
unit cooling system

Some Early recovery 3 of 3 SFPC pumps 3 of 3 SFPC pumps in I train of RilR in the 3 of 3 SITC pumps in Any available alternate
Unit 1 Unit 2 unit where no SFPC Unit 1.1 of 3 in Unit 2 cooling system

pump is available

Some Late recovery Not modeled Not modeled Not modeled 3 of 3 SFPC pumps in Any available alternate
Unit 1,1 of 3 in Unit 2 cooling system

,

| Some None Not modeled Not modeled Not modeled Not modeled Any available alternate
l cooling system

| None Early recovery Not modeled Not modeled Not modeled 3 of 3 SFPC pumps in Any available alternate
| Unit 1. I of 3 in Unit 2 cooling system

* Given SFPC system in Unit I fails

[

|
|
t

__ __ _ _ _ _ _ _ _ _____--__--_- -_- _ _ _ _ .
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4 I

4

A.4.3 Loss of Inventory
>

Four event trees are used to model this class of initiating events. Event tree LINVC deals I

with large losses of inventory during operation (Case 1), tme LINCS deals with small losses
during operation, tme LINVR deals with large losses during refueling (Cases 2 and 3), and tree
LINRS deals with small losses during refueling. The event trees, top event definitions, and
success criteria ne listed in the following pages.
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@f PsrM JJ., 3#'sr4 M U@ U@ ygp
!

LINCS LKSFP AISOL OER MISOL ERMUP LTMUP SR11 SEQ # SV-CV. ,|,

t

1 OK ti

' 2 FPIS3 !

3 FPISI'

4 FPIS2i
' 5 FPIS3

6 FPIS1
.7 OK |i

' 8 FPIS3
'

9 FPIS1
10 FPSF2 .i

'.> 11 FPSF3 t

L> 12 FPSF1 i

13 FPSP2 !
'

i

14 FPSF3 |
'

15 FPSF1 t

16 OK l
i

' 17 FPIS3
18 FPIS1
19 FPSF2i

' 20 FPSF1'

21 FPIS2 ii

22 FPIS3 i
'

23 FPISl~ t

24 FPSP2i ,
' 25 FPSF1 ;

Loss of Inventory Event Tree .

Case 1: Both units critical Smoll LOCA in one SFP .!
;'

;. .

.

_ _ _ _ _ _ _ _ _ _ _ __-___ __ _ __ __ _ _ _____. __.. _ - _ _ ___ ..__ - _ . . . _ _ _ _ _ _ _ _ _ . _ _ _ . . . . _ . . . _ _ _ _ _ . . _ . . . . _ _ . . . _ . . , . . . _ . . . - - . , , . _ . . _ ____.._)_ __



_ . - _ - _ . - m __ . .. . . _ . . .-.._.m._ . _ . _ . . _ . - . _. . _ _ _ _ _ _ _ . _ _ .-

B

,

#_L*??.!.5 ' %'* '|tL s.%?? W. ' 2M. CM %_M> mm _ mm m m

LINVR LKSFP AISOL. OER MISOL ERMUP LTM UP SR31 SEQ # SV -CV

i
-

1 OK -

i
' 2 FPIS3

3 FPISI :
'

4 FPIS2i
' 5 FPIS3 :

6 FPIS1
7 OKi

' 8 FPIS3
9 FPIS1

10 FPSF2'i

>'
'

11 FPSF3
W 12 FPSF1
"

13 FPSP2i
'

.

14 FPSF3 |'.

15 FPSF1' '

16 OKi
' 17 FPIS3

18 FPIS1 i"

19 FPSP2i
' 20 FPSP1

21 FPIS2i

' 22 FPIS3
i 23 FPIS1

24 FPSP2.

' .25 FPSF1
9

Cases 2 and 3: y Event TreeOne unit in refueling mode. I
Loss of Inventor

-!

t

e

e

!

'
,

. . - - , . - - , . . - . , ~ . . - . . ~ , ~ - . . . . . - . . . ~ ~ , . - - - . . . , . ~ . - . - - . - - , - ---- - - - . ~ . . , . - , . . . . ~ -- -.--.- ----- - -,-
- . -



,!!|(i!!!i ,a :|;: , ! : f[

,
-

.

_.
.

._

_

_

.

.

V -

31 231231 31 2123121C 31231
-

.

SSSSS SS PPFPFF SS PF SSS FF
- IISSSSSS IISSIIISS .

IIIII

V KPPPPPKPPPPPPPPKPPPPPPPPP
S OFFFFFOFFFFFFFFOFFFFFFFFF

.

#
5

.

5678901234567890123 4 ~
* .

123 4 11111111112222 2 2Q -E
S

- A .

,

C -

O
L

1
.

ll .

.

"Y 3 i' i' i' i' i' i' i' o
.

'

A R m

_.
,

*F S S_

T.

. .
.

e
_
. P d

2 U i'
o

_ 2. M m
_

.

T g.

C L n
_ i

l

P e ,

uU
M.U.. M

i'
f

e _.

r.

V, E enP. .~.
. R e

.

F ._i. r
T S_ L

O
it _

net

W.S nun.

e o _-
I. v eM En n

_. Oi
. y
_. r:

R o3 _

a;om E n
t.

O ed _
. *;. v ny ,

Ina

L f2 .

_
_ . O o _

6 s
$ S s e .

.

0 I _ss .

. A oa ,

_-LC -
.

P
F*- S ~_

.

.

m K
.*m L ._
_

_

.
_

_S_

.

f4 R.

'i N;_ .

L*~
.I .

L _.
_

_
_

.

_
_

_

>'w"' _

_
.

_
.-

, ' , < ' ' ,
l..



. - - - - . - _ _ - _

'

Top Event Definitions - Loss of Inventory Event Trees

LINVC Large loss of inventory from Unit I spent fuel pool while both units am operating
(Case 1). (Initiating event LINCS represents a smallloss ofinventory while both units

i am operating, LINVR mpmsents a large loss ofinventory while Unit 1 is refueling and
Unit 2 is operating, and LINRS mpmsents a small loss of inventory while Unit 1 is4

mfueling and Unit 2 is operating.)

LKSFP Irak is in SFPC system. (Lower branch indicates a leak resulting from failum of the
spent fuel pool boundary.),

AISOL Auto isolation of leak due to siphon bmaker. (Applicable only if the leak is in the :
SFPC system.) ;

OER Operator msponse to the loss of spent fuel pool cooling system: operator attempts to
mstore SFP cooling soon after the initiating event.

MISOL Manual isolation of leak: operator isolates the leak.

ERMUP Early spent fuel pool makeup: operator uses normal or alternate makeup systems. (In ;

refuehng mode, the ECCS can be used to provide makeup.)

) LTMUP Late spent fuel pool makeup: operator uses normal or alternate makeup systems. (Due
to radiation hazards, the operator actions required, e.g., to provide makeup using an4

alternate cooling system, may be difficult. All the actions must be taken remotely, in
mfueling mode, the ECCS can be used to provide makeup.) i

SR11 Restoration of the SFPC system: operators successfully mestablish cooling using either j

SFPC. |
,

,

!

;

i
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Success Criteria - Loss of Inventory Event Trees
1
1

Case 1 -
!

i

ERMUP L1MtIP SRI 1 r

Normal makeup or any Normal makeup or any 1 of 3 Sf7C pumps or 1 |
alternate cooling alternate cooling RilR train ]
system system which can be ;

operated remotely I

,

- Cases 2 and 3
,

ERMIJP L1MUP SR11

ECCS injection, ECCS injection, 3 of 3 SFPC pumps

Normal makeup or any Normal makeup or Any
alternate ' cooling available alternate

system - coolina system

|
,

'l

1
1

1

|

|
1

1

i

|

|
1

I
1

1
!

i

l
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A.4.4 Loss of Primary Coolant
P

Two event tmes are used to model this class of initiating events. Event tree PLOCA deals
*

with a IDCA when both units are operating (Case 1) and PLOCR deals with a LOCA in Unit 1 ,

when Unit 1 is refueling and Unit 2 is operating (Cases 2 and 3). He event trees, top event :
'

definitions, and success criteria are listed in the following pages. Note that the PLOCA event tive
,

i

| has one transfer tme. .
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|

Top Event Definitions - Primary .LOCA Event Trees |

PLOCA Loss of coolant accident in primary system of Unit I while both units are oxrating
(Case 1). (Initiating event PLOCR represents a LOCA in the primary system of Unit 1 1

during refuoing, i.e., Cases 2 and 3.)

FESA A flag event: the SFPC system does not trip on ESF actuation in the plant being
modeled (rele. ant for Case 1).

FGATE A flag event: the plant being modeled has the capability to cross-connect the spent fuel i

pool by opening a gate (or gates) (relevant for Case 1). .'
GSTAT Status of cross-connect gate (s): the spent fuel pools are cross connected or not at the i

time of initiating event (only for Case 1).

UNREC Uncomplicated recovery on primary side: operators are not distracted from restoring i

spent fuel pool cooling prior to boilmg. (Relevant for Case 1.)

(NCD - No core damage. 'Ihis top event is questioned only during scenarios involving i

complicated recovery. (Relevant for Case 1.)

OER Operator response to the loss of SFPC system: operator attempts to restore SFP cooling i

soon after the initiating event.
'

S1 Restoration of the SFPC system: operators successfully reestablish cooling using either !

SFPC. j
!

COPEN Opening of the gate: operators successfully open the gate (s) and cross connect the spent
fuel pools.

SR31 SFPC and RHR cooling: operators successfully reestablish cooling using Unit 1 SFPC
or RHR.

LSI Late restoration of the SFPC system: similar to the top event S1 except all the actions
must be taken remotely.

ALT-C Alternate cooling: , operators successfully establish evaporative /boiloff cooling by
providing water using the alternate cooling system (e.g., fire water system).

TGATE Status of a transfer gate: the refueling cavity and the spent fuel pool aie cross-connected
at the time of initiatmg event (relevant for Case 2 and 3).

ILOCA lsolation ofleak (relevant for Cases 2 and 3).

OECCS Operators restore the level in the spent fuel pool using ECCS (relevant for Cases 2
and 3).

SFM U P . Operators restore the level in the spent fuel pool using SFP makeup or alternate cooling
(relevant for Cases 2 and 3).

A.45
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,

Success Criteria - Primary LOCA Event. Trees

;
Case 1

i

SI LSI ALTC
1 of 3 SFPC pumps I of 3 SFPC pump ' Any available

alternate cooling
system

'
Cases 2 and 3-

OECCS SFMUP SR31 LSI ALTC
ECCS Injection Main SFP makeup or 3 of 3 SFPC pumps 3 of 3 SFPC pumps Any available .j

alternate cooling or i RHR train alternate cooling
system

t

)

|

f

:(

4
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i

| \

.

- A.4.5 Earthquake

One event tree is used to model this class of initiating events. Note that earthquakes with
,

peak ground acceleration (PGA) below 0.2g are assumed to have negligible risk impact, and that
earthquakes with PGA gmater than 0.6g are assumed to lead directly to com melt (for the purposes
of this analysis.) %e event tree, top event defm' itions, and success criteria am listed in the
following pages.

.
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l

Top Event Definitions - Seismic Event Tree |
;

EQE Seismic initiating event. 1

N DS FP _ No damage to the spent fuel pool structure from the seismic event.

NLEA K No leak through the SFPC system (caused by the seismic event).

NCD No dimet com damage from the seismic event.

AISOL Auto isolation of leak due to siphon bmaker. (Applicable only if the leak is in the
SFPC system.)

R1 Restoration of spent fuel pool cooling using RHR.

LTMUP Late spent fuel pool makeup using alternate makeup systems. (Opemtor actions
mquired would be difficult; all actions must be taken mmotely.)

i

?

i

|

|
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Success Criteria - Seismic Event Tree

AllCases

R1 LufUP
No SFPC system or Any available alternate
RilR makeup coolina system

I.

A.50
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A.5 Post-Hestup Event Trees

ne post-heatup event tmes (PHETs) treat the progression of selected accident scenarios
past pool heatup; one or more separate tmes am developed for each non-successful endstate of the
NBF tres. (Multiple imes am mquimd for endstates where steaming and flooding effects am of
potentialconcern.) They address the following issues: the spatial isolation of the spent fuel pool
from other safety equipment, the vulnerability of expose <i safety equipment to the hazards
associated with the scenario (i.e., heat and humidity from pool boiling, water from losses of pool
inventory), the ability of operators to divert steam / water away from the safety equipment, and the
mcoverability of safety equipment affected by :he steam / water.

Four PHETs are used in this study. The first thme tmat the effects of pool heatup on the
mst of the plant; the last tmats the effect of flooding. (Note that since flooding and pool heatup am
not mutually exclusive, a quantitative analysis will need to employ multiple PHETs for a number of
NBF event tree endstates.) The PHETs and their entry conditions are as follows:

: FPISI SFP boiling; SFPC has been lost, spent fuel pool (SFP) level is not maintained.

FPIS2 SFP heatup; SFPC has been restored late.

FPIS3 SFP steaming; alternate cooling is being used and SFP level is maintained. l

FPISF Flooding has occurred.

These trees are presented in the following pages.

A.51
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A.6 Fault Trees

This section presents the non trivial (i.e., more than one basic event) fault trees. For many
of these trees, e.g., for treating the unavailability of the SFPC system and the RHR system (s), the
models supporting Ref. A.2 have been used as a starting point. These tmes have been modified
using a modeling approach similar in spirit to that used in developing Accident Sequence Precursor

,

(ASP) models (see for example Ref. A.5). Using this approach, components on a single pipe'

segment are generally gmuped into super-components. In the case of makeup and alternate cooling
i. top events, entire trains or systems of equipment are treated with a single super-component. Also,

a number oflow probability failure modes (e.g., normally closed manual valves transferring open.

during the scenario) am omitted. This simplified approach is judged to be adequate for treating
spent fuel pool scenarios whose risk, as shown in Ref. A.2, tends to be dominated by human error
contributions.
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RHR COOLING MODE
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APPENDIX B - EVENT QUANTIFICATION i
!
1
1

B.1 Basic Event Probabilities,

The fault trees used in this study am super-component based. The unavailability of a given ,

isuper-component is approximated as the sum of the unavailabilities of the components contained in
ithe super-component definition. The base component unavailabilities,in turn, am the same generic
'

values used in the ASP models [B.1,B.2]. The basic events and associated probabilities used in
this study (including a bmakdown into components where relevant) are listed in Table B.I.

In some cases, the basic event probabilides (e.g., for the relative fmquency of SFPC
system leaks versus SFP boundary leaks) are derived. The estimation process used for each of

~

these values is presented in Section B.3 below.

B.2 initleting Event Frequencies

B.2.1 Loss of SFPC System

i Over the time period 1987 through June 1996, the AEOD data base' includes 53 LOSPC
events (see Table 5.5). Of these,21 occurred during operation and 31 occurred during refueling. |

!;

(The plant status for the one remaining event has not been determined.) Noting that the total
number of reactor years for this time period is 1005 ry, and assuming 2-month refueling outages,

21
'

AIDSFP(Operation)=
16

= 2.4x10-2/ ry
- 1005 ry :

18
i

21
AIDSFP(Refueling)

2
= 2.8x10-1/ ry j

,

-.1005 ry |
18

B.2.2 Loss of Offsite Power
,
.

According to Ref. B.3, the frequency of not recovering power by time t can be modeled |
using a mixture of exponential distributions: !

A(t) = [Aoie*
i

For Susquehanna, i = II, GIR2, S2R2, SS3 per Table 2 in the above reference. 'Ihe numerical
values for the parameters are listed in Table B.2. (Note that GIR2 corresponds to G5 and S2R2

8 'Hiis study employs the June 13,1996 version of the database; changes to the datatutsc, e.g., additional entries, cui i

affect the conclusions drawn. |

B-1



1

corresponds to SR7 in the reference.) The frequency of loss of offsite power (LOOP) is
determined by setting t = 0; the result is 6, = 0.08/yr.2

B.2.3 Loss of Inventory

Table 5.4 provides a bmakdown of loss of inventory events contained in the AEOD
database. A categorization of the piping-associated SFP leaks by size and plant status is shown in
Table B.3. In that table,1) the values in parentheses am for the entire database and the numbers
outside of the parentheses am for the period 1987 - 6/96; 2) the values in the right-hand column
don't add up because the severity of I event was not determined, and 3) a " medium" leak is
assumed to contribute 0.5 to the count for small leaks and 0.5 to the count for large leaks.

A similar breakdown of scal-associated SFP leaks by size and plant status is shown in
Table B.4. Note that in both tables, the counts of non-refueling leakage events could be low
(because the leak events are not necessarily reportable).

i The evidence is too weak to prove that the frequency of SFP leaks is dependent on the size
of the leak or on the plant status (refueling vs. non-refueling). On the other hand, it might be
assumed a pdori that there is such a dependence because: i) mechanisms that lead to small leaks
appear to be more likely than mechanisms that lead to large ones; and ii) there is increased activity
around the SFP during refueling, which leads to an increased possibility for error. Assuming that
the loss of inventory initiating event fmquency is dependent on leak size and plant status, the
following estimates are used:'

AuNv(Small Leak, Operation) .g(5+0) = 5x10-3/ ry
- 1005 ry

_18 _

(2 + 0)AUNV(Large Leak, Operation) = = 2x10-3/ry j
-.1005 ry i

_18

AUNV(Small Leak, Refueling) - = 3x10-2/ry
'

i

* 1005 ry- - .

_18 .

(1.5 + 1)AuNV(Large Leak, Refueling) =
~ 2

= 2x10-2/ ry
- 1005 ry

_18 _
l

:
1
1

2 The model of Ref. D.3 is applicable to a single unit. In this analysis, it is used to repesent the frtquency of
LOOP for two units as well, despite the large contribution of plant-antaed LOOPS O = II). 'Ihis conservative,
simplified treatment is equivalent to assuming that the conditional probability of a LOOP at the second unit is
virtually unity, given the occurrence of LOOP at the first unit.
' 'Ihese estimates am based on an earlier categorization of events; a leak now considered to be "smat!" was categorized
as being "large." Changes in the estimates to reflect the categorization shown in Table D.4 will not significantly
affect the results of this study.

B2
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!

.

!
.B.2.4 Loss of Primary Coolant j

_

!

The frequency of LOCA _during operation is obtained from Ref. B.4; the value of i

1.5 x 10'2/ry is appropriate for small LOCAs. :

For LOCAs during refueling, Refs. B.5 (NUREG/CR-6143, the Grand Gulf shutdown
risk study) and B.6 (NUREG/CR-6144, the Surry shutdown risk study) defm' e the following non - ,

. pipe break events:

;H LOCA = recoverable diversion of RCS coolant
J LOCA = LOCA in connected system (e.g., RHR) |
K LOCA = maintenance-induced LOCA

,

Ref. B.5 indicates that 4 J LOCAs have been observed in 375 boiling water mactor (BWR) *

years. Ref. B.6 provides the following frequency estimates for J and K LOCAs:
,

J LOCA: 8E-3/yr |
K LOCA: 3E-3/yr

Noting that the above estimates am annualized, the following estimate for the fmquency of a LDCA
_

during refueling is derived. (Note also that H LOCAs am not treated in this study, due to their '

easy mcoverability, and due to the large amount of time generally available for the accidents being
analyzed.)

4
AJ-lKA(Refueling Outage) =

~ 2
= 9.6x10-2/ ry

- 375 ry
18 .

AK-IKA(Refueling Outage) - 3x10-3 I8 = 2.7x10-2/ ry
2

AtKA(Refueling Outage) = Aj_im4(Refueling Outage)+ AK-LOCA(Refueling Outage)

= 0.12/ ry

B.2.5 Earthquake

According to Ref. B.7, the discrete frequency-magnitude distribution for earthquakes at the
Susquehanna site is as shown in Table B.S. Summing the frequencies of earthquakes with peak
ground acceleration (PGA) between 0.2g and 0.6g leads to an initiating event frequency estimate of

4
1.2 x 10 /ry. Earthquakes with PGA below 0.2g are assumed to have a negligible impact on the
plant; earthquakes with PGA above 0.6 g are assumed to be direct core damage contributors (i.e.,
they are likely to cause severe damage, negardless of what happens to the spent fuel pool).

B-3
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B.3 Derived Basic Event Probabilities

Except for the human error probabilities (which are discussed in Appendix C), most of de
' basic event probabilities listed in Section B,1 are genenc values. This section documents the
deriviations of the following non-generic basic event probabilities and split fractions *: a) the
conditional frequency of failure to recover offsite power in 4 hours, b) the fraction of loss of
inventory events involving the spent fuel pool cooling system, c) the fracdon of events involving a
complicated n:covery, and d) the fraction of complicated events leading directly to core damage.

B.3.1 Offsite Power Recovery

The conditional fn:quency of failing to n: cover offsite power in time t, given a loss of
offsite power event, is computed using the following equation.

Eloie*O
Fr{Nonrecovery by tI LOOP} = i

1Aoi
i

Using Table B.2 and evaluating the equation at t = 4 hours, the nonrecovery fmquency is 0.045.

B.3.2 Loss of Inventory Events involving SFPC System

The loss of inventory event tmes shown in Appendix A distinguish between losses
originating from the SFPC system (e.g., valve misalignments) and those originating from the SFP
boundary (e.g., pneumatic seal failums). The mlative frequencies of these two classes am
estimated using the 1987 - 6/96 data shown in Tables B.3 and B.4.

Fr{SFPC System ISmall Leak, Operation}
5

- 0.8
5+1

9
Fr{SFPC System | Large Leak, Operation} = ~ - 0.7

2+1

Fr{SFPC System | Small leak, Refueling} = 3.5 + 1
* -0.8

Fr{SFPC System | Large Leak, Refueling} 0.5 + 1
' -0.3

Note that in the case of the estimates for leaks during operation, no seal failures am included in the
database for the time period of interest. 'Ihe crude estimates developed am conservative with
mspect to the occurrence of seal failures. Note also that the associated basic event probabilities in
Table B.1 am the complements of the above estimates.

* A split fraction is the conditional frequency of taking the upper path at a given event tree branching point, given
the sequence of events leading up to that branching point. In this model, split fractions are treated as basic events in
trivial (single element) fault trees.

B-4
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B.3.3 Complicated Scenarios

In this study, it is recognized that complications in responding to a plant-wide event (e.g., a \
IlXP) can inhibit the operators from devoting sufficient sesources to spent fuel pool problems j
until late in the scenario. This section describes the simple model used to quantify the likelihood of )

a complicated scenario. De likelihood that' operators will not respond promptly, given a i
complicated scenario, is addressed in Appendix C. ,

|

a) Operationalized definition

. The scenario is " complicated" when one or more of the following occur.

|

Offsite power is unavailable early (including recovery), unless all emergency diesel*

generators (EDUs) are available ,

- One or more safety relief valves (SRVs) fail open or closed |*

High Piessure Core Injection (HPCI)is unavailable |*

RHR is unavailable j*

A large seismic event (PGA 2 0.2g) occurs*

These conditions are based on a consideration of key safety functions. The operators are

likely to be in difficulty. if they have problems with: i) primary system pressure,
temperature, or level control; ii) suppression pool temperature or containment pressure

.

control; iii) establishing shutdown cooling.

b) Scenarios which are " complicated" by definition

Loss of offsite power, some EDGs available, failure of early offsite power recovery*

Loss of offsite power, no EDGs available (station blackout - SBO)*

All seismic scenarios*-

c)- Scenarios for which split fractions must be computed

Loss of offsite power*

Primary LOCA*

d) Model

LOOP (non-SBO)*

"Ihe scenario is complicated if either RHR, HPCI, or an SRV fails. Note that some
' power is available.

P(Complicated} = P{RHR} + P(HPCI} + P(SRV}

B-5
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LOCA ;*

The scenario is complicated if a LOOP occurs or RHR or HPCI fails.

P(Complicated) = P(LOOP) + P(RHR} + P(HPCI)

e) Quantification

' Using the Accident Sequence Precursor model for Susquehanna [B.4], the following i
'

failure probabilities are computed:

Failure Probability

Offsite Power - 2.7E-3'
RHR 4.1E-4

HPCI 2.7E-2

SRV 3.2E-2 |

* Based on: i) a consequential LOOP fmquency 10 times higher than ;

the base frequency, and ii) a time window of 24 hours.

The resulting split fractions am then as follows.
,

P(ComplicatedlLOOP) = 5.9E-2

P(ComplicatedlLOCA} = 3.0E-2

B.3.4 Core Damage Given a Complicated Scenario

If a scenario is complicated, there is a reasonable chance that com damage may occur,
mgardless of what happens to the spent fuel pool. This section describes the simple model used to
quantify the likelihood of this occurrence.

a) Scenarios for which split fractions must be computed

Loss of offsite power, complicated recovery*

Primary LOCA, Case 1, complicated recovery*-

Primary LOCA, Cases 2 and 3*

Seismic event (PGA 2 0.2g), complicated recovery*

Note that the split fractions need to be quantified conditional on the recovery being
complicated,i.e., on one or more of the defining conditions for a complicated scenario
being true. 1

;

,

B-6
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|
b) Approach

If:-

the conditional core damage probability (CCDP) given an accident scenario,*

the conditional probability of com damage given that the scenario is not*

complicated, and
the pmbability that the scenario is complicated scenario are known,*

the conditional probability of core damage given a complicated scenario can be computed.
In the following equation, the overbars denote a complemented event. Thus, for example,

'

P{ Complicated} is the probability that the scenario is not complicated.

P{CD} = P{CD IComplicated} P{ Complicated}

+ P{CD | Complicated] P{ Complicated}

.. P{CD I Complicated} =

P{CD}-P{CD| Complicated} P] Complicated}

P{ Complicated}

c) Quantification

Using the Accident Sequence Precursor model for Susquehanna [B.4], the following ,
'

scenario-dependent probabilities are computed.

Scenario PICD1 PIComplicatedl P{ Complicated) P{CDK'omplicated) P(CDIComplicated) i
~

IDOP 4.40E-05 5.90E.02 9.41 E-01 3.00E-06 6.98E 04

PtDCA 5.80E-06 3.00E-02 9.70E-01 0.00E +00 1.93 E-04

Seismic 1.05 E-02 1.00E+00 0.00E+00 0.00E +00 1.05E 02

Notes:

1) For LOOP scenarios, the only path to core damage given that RHR, SRVs, HPCI
are all successful is station blackout.

2) Seismic events are assumed to be complicated by definition

3) P(CDIEQE) is computed using information from the NUREG-ll50 seismic
analysis for Peach Bottom [B.9] because the results of the seismic assessment for
Susquehanna weit not available. The Peach Bottom conditional probabilities of
core damage given each of the three earthquake acceleration levels between 0.2g
and 0.6g are used as follows. (Note that the g,in the second equation stands for the
ith acceleration level, i = 1,2, or 3.)

;

B-7
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M

P{CD I EQE}' P{EQE} = P{CD I 0.23g}.P{0.23g} + P{CD 10.37g} P{0.37g}
4

+ P{CD I 0.53g} P{0.53g}
4

[P{CDIgi}P{gi}
~

,

.

P{CD I EQE} '= i=t.2.3[P;,gi} -

;

i=1,2,3

a Pla) [B.7] P(CDia} [B.9] P[CDIs)*P[g)

0.23 1.02E-04 1.76 E-04 1.80E-08

0.37 1.34 E-05 ~ 2.39E-02 3.20E 07

O.53 3.52E-06 2.59E-01 9.12E-07 :'

'IUTALS ~ 1.19E-04 1.25E-06

i
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Table B.1 - Basic Event Data (Page 1 of 11) !,

BASIC EVFNTNAME COMPONENTDATA BASIC ;

EVENT :.
,.

PROB. j

COMPONENT NAME FAILURE MODE FAILURE PROB
ALT-XIIE-XM-SFP Operator Actxm Operator fails to establish 10E-2 1.0E-2 -

'altemate cooling early
ALT-XIIE-XM-SFPL Operator Action Operator fails to establish 8.0E-2 8.0E-2

alternate cooling late
ALT-XIIE-XM-SFPP Operator Action Operator fails to establish 3.0E-2 3.0E-2 I

alternate cooling during LOOP !

CSS-RIIR-FC-U1 Core Spray injection Unit 1 Fails to operate 4.0E-4 4.0E-4 |
CSS-RIIR-FC-U1 Core Sprar Iniertion Unit 2 Fails to operate 4.0E-4 4.0E-4 h-

'

EPS-DGN-CF-ALL Diesel ~4 3 CCF to start 1.44E-3 1.44E-3 i;
EPS-DGN-FC-1 A Diesel .m 4.1 A Fails to start /run i 1E-1 1.1E-1 '

Y EPS-DGN-IC-1 ARE Diesel &.1 A Fails to start /run (refuelina) 1.8E-l 1.8E-1 i

IEPS-DGN-IC-1 B Diesel menersenr IB Fails to start /run 1.lE-1 1.lE-1
EPS-DGN-FC-1BRE Diesel -~& 1B Fails to start /run (refueling) 1.8E-1 1.8E-1

i

EPS-DGN-IC-2A Diesel m s 2A Fails to start /run 1.1E-1 1.1E-l '

EPS-DGN-FC-2ARE Diesel Au.os,-2A Fails to start /run (refuelina) 1.8E-1 1.8E-I !

; EPS-DGN.lC-2B DieseI nenerator 2B Fails to start /run 1 IE-1 1.1E-1
EPS-IXiN-fC-2BRE Diesel is.m e. 2B Famils to start /run (refueling) 1.8E-1 1.8E-1 *

EPS-XilE-NOREC Operator Action Fails to recover emery.cy power 3.0E-2 3.0E-2'

EPWR-XIIE-EA-REC litanan Action Fails to recover offsite power within Mvs 4.5E-2 4.5E-2
ESA-TRIP Flag Event SFP Trips with ESF Actuation 'IRUE 'IRUE ,

'

FVPWR-FC-SFP Flaa Event VitalIbwer Available 'IRUE 1 RUE |
GOPEN-AIR-IC Gate air system Fails to shut off or deflate 1.0E-6 1.0E-6 ;i

; GOPEN-IC-CRN1 Crane 1 Fails to operate 6.0E-3 6.0E-3
I;| GOPEN-FC-CRN2 C1ane 2 Fails to operate 6.0E-3 6.0E-3
-\

| GOPEN-GAT-RL-CRN Gene 1 Fails to release from crane 1.0E-4 1.0E-4

| GOPEN-GA'E-IC-1 Gate 1 Fails to remove 1.0E-4 1.0E-4 |
GOPEN-GATE-IC-2 Cese2 Fails to remove 1.0E-4 1.0E-4
GOPEN-XIIE.XA INT Operator Action Fails to open gate 7.0E-3 7.0E-3 i

GOPEN-XVM-CO-CP , Cast Pit manual valve Fails open 5.5E-7 5.5E-7
'

:

|

,
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Table B.I - Basic Event Data (Page 2 of 11) [

I
BASIC EVENTNAME COMPONENT DATA BASIC !

EVENT !,.
~

PROB. {

COMPONENTNAME FAILURE MODE FAILURE PROB
; [

LMKUP-XilE-XA-SFP Operator Action Fails to align Makeup Systems (Late) 1.1E-2 1.lE-2
i|LPWR-XIIE-LA-REC Operatry Action Fails to recover power (Late) 0.5 0.5

MKP-XIIA-XA-CLGIS Operator Action Fails to align Makeup Systems 5.0E4 5.0E4
(Unit is critical, LINVC, isolated)

MKP-XIIA-XA-CLGNI Operator Action Fails to align Makeup Systems 2.5E-3 2.5E-3 [
GJnit is critical, LINVC, SFPC system, not isolated) "

MKP-XIIA-XA-CLNIB Operator Action Fails to align Makeup Systems 1.8E-2 1.8E-2
Ginit is critical. LINVC, SFP boundary, not isolated) ' !

MKP-XIIE-XA-CSMIS Operator Action Fails to align Makeup Systems 5.0E4 5.0E4
,

GInit is critical LINCS, isolated) - !

f[ MKP-XIIE-XA-CSMNI Operator Action Fails to align Makeup Systems 1.0E-3 1.0E-3

MKP-XIIE-XA-RLGIS Operator Action It gM Sy Systems 5.0E4 5.0E4
GInit is refueling, LINVR, isolated) .

MKP-XIIE-XA-RLGN1 Operator Action Fails to align Makeup Systems or ECCS Systems 2.5E-3 2.5E-3 !

Ginit is refueling, LINVR, SFPC system, not isolated) j

MKP-XIIE-XA-RIJ41B Operator Action Fails to align Makeup Systems or ECCS Systems 1.8E-2 1.8E-2 k

(Unit is refueling, LINVR, SFP boundary, not iselated) [
MKP-XIIE-XA-RSMIS Operator Action Fails to align Makeup Systems or ECCS Systems 5.0E4 5.0E4 ;

(Unit is refueling. LINRS. isolated)
;

MKP-XIIE-XA-RSMNI Operator Action Fails to align Makeup Systems or ECCS Systems 1.0E-3 1.0E-3 ,

(Unit is refueling, LINRS, not isolated)
1|MUES-XIIE-XA-13FP Operator Action Fails to align Makeup or ECCS Systems Gate) 1.lE-2 1.lE-2

MUES-XIIE-XA-SFP Operator Action Fails to align Makeup or ECCS Systems 7.0E-3 7.0E-3

NCD-CORE-DM-12 Core Damate Alldiesels availaNe 6.98E4 - 6.98E4 |
NCD-CORE-DM-DGAL Core Damate All diesels availaNe 6.98E4 6.98E4 i
NCD-CORE-DM-DGPR CoreDemane Partial diesels avalaNe 6.98E4 6.98E4

NCDCORE-DM-PL Core Desr.aae During Primary LOCA 1.93E4 1.93E4 ;

NCD-CORE-DM-PR CoreDamage Primary LOCA during refueling 1.93E4 1.93E4 *

NCD-CORE-DM-SBO Core Demaae During SBO 6.98E4 6.98E4 |
,

. !
'

i

!

;

I

h
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Tab!c B.1 - Basic Event Data (Page 3 of 11)

BASIC EVENTNAME COMPONENT DATA BASIC
EVENT,.

PROB.
(X)MPONENT NAME FAILURE MODE FAILURE PROB

RI-XIIE-XM-RIIR Operator Action Fails to iniate RIIR Assist Mode (unit 1) 7.0E-2 7.0E-2
R2-XHE-XM-RIIR Operator Action Fails to iniate RIIR Assist Mode (unit 2) 7.0E-2 7.0E-2
RIIRI-CKV-CF-AC Check valves 151 F031 A and 151 IV31C CCF to openhemain open 2.78E-5 2.78E-5
RIIR1-CKV-CF-BD Check valves 151 M31B and 151 IU31D CCF to open/ remain open 2.78E-5 2.78E-5
RIIRl-1ITX-CF-AB RHR heat exchanRefs 1 A and iB CCF to operate 13E-5 137E-5
RIIRI-IITX-FC-1 A RIIR beat exchanger i A Plugs 137E-4 2.67E-4

Manual valve IIV 151 IOt7A Plugs 4.0E-5
Manual valve IIV 151 F003A Plugs 4.0E-5
Relief valve PSV 151 F066A Fails open 1.0E-5
Manual valve IIV 151 IBt8B Ruptures / leaks 4.0E-5

Y RIIRI-IITX-IV-1B RiiR beat exchanger iB Plugs 137E-4 2.67E-4
C Manual valve llV 151 F047B Plugs 4.0E-5

Manual valve llV 1511003B Plugs 4.0E-5
Relief valve PSV 151 F066B Fails open 1.0E-5
Manual valve IIV 151 IBl8B Ruptures / leaks 4.0E-5

RIIRI-IITX-FC-C(X)l. RIIR IITX cooling system Fails to operate 2.4E-4 2.4E-4
RIIRI-MDP-CF-AC RIIR pumps 1 A and IC CCF to start 4.5E-5 4.5E-5
RIIR1-MDP-CF-BD RilR pumps 1B and ID CCF to start 4.5E-5 4.5E-5
RilRI-MDP-FC-1 A RIIR motor driven pump I A Fails to start 3.0E-3 4.0E-3

RIIR motor driven pump 1 A Fails to run 7.2E-4
Manual valve llV 151 TV06A Fails to open/ remain open 1.4E-4
Check valve 151 F031 A Fails to open/ remain open 1.0E-4
Manual valve 151 ID34A Fails to remain open 4.0E-5

RilRI-MDP-FC-1B RIIR motor driven pump IB Fails to start 3.0E-3 4.0E-3
RIIR motor driven pump 1B Fails to run 7.2E-4
Manual valve IIV 151 F006B Fails to open 1.4E-4
Check valve 151 F031B Fails to open/ remain open 1.0E-4
Manual valve 151 F034B Fails to remain open 4.0E-5

.

4
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Table B.1 - Basic Event Data (Page 4 of 11)

BASIC EVENTNAME COMPONENT DATA BASIC
EVENT

3
PROB.

COMPONENT NAME FAILURE MODE FAILURE PROB
RilRI-MDP-FC-IC RIIR motor driven pump 1C Fails to start 3.0E-3 4.0E-3

RIIR motor driven pump IC Fails to run 7.2E-4
Manual valve IIV 151 IV06C Fails to open 1.4E-4
Check valve 1511V31C Fails to open/ remain open 1.0E-4
Manual valve 151 F034C Fails to remain open 4.0E-5

RIIRI-MDP-FC-ID RIIR motor driven pump ID Fails to start 3.0E-3 4.0E-3
RIIR motor driven pump ID Fails to run 7.2E-4
Manual valve IIV 151 IV06D Fails to open 1.4E-5
Check valve 151 IV31D Fails to open/ remain open 1.0E-4
Manual valve 151 IV34D Fails to remain open 4.0E-5

tp R11RI-PSF-CC-DISA Manual valve 153070A Fails to open/ remain open 1.4E-4 2.4E-4
Check valve 153071 A Fails to open/ remain open 1.0E-4g

RIIRl-PSF-CC-DISB Manual valve 153070B Fails to open/ remain open 1.4E-4 2.4E-4
Check valve 153071B Fails to open/ remain open 1.0E-4

RIIR1-TRNS-UA-B{ RIIR trains A and B Unavailable due to Test / Maintenance 1.3E-l 1.3E-1

RIIRl-XVM-CC-010A Manual valve 151 IU10A Fails to open/ remain open 1.4E-4 1.4E-4

RIIRI-XVM-CC-010B Manual valve 1511010B Fails to open/ remain open 1.4E-4 1.4E-4

RIIR1-XVM-CC-1070 Manual valve 151070 Fails to open/ remain open 1.4E-4 1.4E-4

RilRI-XVM-CC-SUC Manual valve 153021 Fails to open/ remain open 1.4E-4 2.8E-4
Manual valve 153060 Fails to open/ remain open 1.4E-4

RIIRl-XVM-OO-017A Manual valve IIV 151 IDl7A Fails to close 1.0E-4 1.0E-4

RIIRI-XVM-OO-017B Manual valve IIV 151 IU17B Fails to close 1.0F 4 1.0E-4

RIIRl-XVM-OO-4A Manual valve llV 1511004A Fails to close 1.0E-4 1.0E-4

RIIRI-XVM-OO4B Manual valve IIV 151 IV04B Fails to close 1.0E-4 1.0E-4
i RilRI-XVM-OO4C Manual valve IIV 151 IV04C Fails to close 1.0E-4 1.0E-4

RilRI-XVM-OO-4D Manual valve IIV 151 IV04D Fails to close 1.0E-4 1.0E-4

RIIR1-XVM-OO-SFP1 Manual valve 153001 Fails to close 1.0E-4 1.0E-4

| RIIR2-CKV-CF-AC Check valves 151 F031 A and 151 IV31C CCF to open/ remain open 2.78E-5 2.78E-5

RIIR2-IITX-CF-AB RIIR heat exchangers 1 A and IB CCF to operate 1.37E-5 1.37E-5

*

.
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Table B.1 - Basic Event Data (Page 5 of 11)

BASIC EVENTNAME COMPONENT DATA BASIC
EVENT

"
PROB.

COMPONENTNAME FAILURE MODE FAILURE PROB

RIIR2-11TX-IC-1 A RIIR beat exchanger I A Plugs 137E-4 2.67E-4

Manual valveIIV 151 IV47A Plugs 4.0E-5
Manual valvellV 151 IV03A Plugs 4.0E-5

Relief valve PSV 151 F066A Fails open 1.0E-5
"

Manual valve llV 151 FV48B Ruptures / leaks 4.0E-5

RIIR2-IITX-FC-COOL RIIR llTX cooling system Fails to operate 2.4E-4 2.4E-4

RIIR2.MDP-CF-AC RIIR pumps I A and 1C CCF to start 4.5E-5 4.5E-5

RilR2-MDP-FC-1 A RIIR motor driven pump 1 A Fails to start 3.0E-3 4.0E-3
RIIR motor driven pump 1 A Fails to run 7.2E-4
Manual valveIIV 151 IV06A Fails to open/ remain open 1.4E-4

t? Check valve 151 IV31 A Fails to open/ remain open 1.0E-4

C Manual valve 151 IV34A Fails to remain open 4.0E-5

RilR2-MDP-FC-lC RIIR motor driven pump IC Fails to start 3.0E-3 4.0E-3
RilR motor driven pu np IC Faih to run 7.2E-4

Manual valve IIV 151 IV06C Fails to open 1.4E-4

Check valve 151 IV31C Fails to open/ remain open 1.0E-4

Manual valve 151 IV34C Fails to remain open 4.0E-5

RilR2-PSF-CC-DISA Manual valve 153070A Fails to open/ remain open 1.4E-4 2.4E-4

Check valve 153071 A Fails to open/ remain open 1.0E-4 |

RIIR2-PSF-CC-DISB Manual valve 153070B Fails to open/ remain open 1.4E-4 2.4E-4

Check valve 153071B Fails te open/ remain open 1.0E-4

RIIR2-TRNS-UA-TM RIIR trains A and B Unavailable due to Test / Maintenance 3.0E-3 3.0E-3

RIIR2-XVM-CC-1070 Manual valve 151070 Fails to open/ remain open 1.4E 4 1.4E-4

RilR2-XVM-CC-SUC Manual valve 153021 Fails to open/ remain open 1.4E-4 2.8E-4

Manual valve 153060 Fails to open/ remain open 1.4E-4

RIIR2-XVM-OO-017A Manual valveIIV 151 IV17A Fails to close 1.0E-4 1.0E-4

RIIR2-XVM-OO-4A Manual valveIIV 151 IV04A Fails to close 1.0E-4 1.0E-4

RIIR2-XVM-OO-4C Manual valve llV 151 IV04C Fails to close 1.0E 4 1.0E-4

R1IR2-XVM-OO-SFPI Manual valve 153001 Fails to close 1.0E-4 1.0E.4

SFP-LEAK-AITIDISO SFP Isolation Automatic Isolation 6.0E-6 6.0E-6

i
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Table B.1 - Basic Event Data (Page 6 of 11) -

BASIC EVENTNAME COMPONENT DATA BASIC'

EVENT
"

PROB.

COMPONENT NAME FAILURE MODE FAILURE PROB
i

SFP-MKUP-ALT-F System Failure Alternate SFP Makup System fails 1.0E-2 1.0E-2

: SFP-MKUP-ECCS-F System Failwe ECCS Systems fail to provide water 1.0E-1 1.0E-1
'

SFP-MKUP-REG-F System Failure Regular SFP Makup System fails 1.0E-1 1.0E-1

SFP-MKUP-U2-F System Failure Unit 2 makup system fail to provide water - 5.0E-2 5.0E-2

SFP-OP-GATE Flar Event SFPs are connectable 'IRUE ~IRUE

SFP-OPEN-GATE Gate Status Open gate status of transfer gate 1.0E-1 1.0E-1
between poolsi

! SFP-XIIE-ISO-LK Operator Action Fails to isolate leak during 7.0E-3 7.0E-3
Primary LOCA

SFP-XIIE-MANISO-E Operator Action Fails to isolate small SFP boundary 7.0E-3 7.0E-3
Y leak (early)

E SFP-XIIE-MANIOS-L Operator Action Fails to isolate small SFP boundary 8.0E-2 8.0E-2
'

leak Cate)

SFP-XilE-XA-ECCS Operator Action Fails to align ECCS 1.0E 3 1.0E-3

; SFP-XIIE-XE-LINVC Operator Action Fails to restore SFP (Loss of Inventory) 7.0E-2 7.0E-2
Unit is critical

SFP-XIIE-XE-LINVR Operator Action Fails to restore SFP (Loss of Inventory) 4.0E-3 4.0E-3
Unit is refueling

SFP-X1tE-XE-LP Operator Action Fails to restore SFP Cooling 7.0E-2 7.0E-2
during loss of power

SFP-XIIE-XE-PLC Operator Action Fails to restore SFP Cooling 7.0E-2 7.0E-2
during Primary LOCA (Unit is entical)

SFP-XIIE-XE-PLR Operator Action Fails to restore SFP Cooling 4.0E-3 4.0E-3
during Primary LOCA (Unit is refueling)

SFP-XIIE-XE-UC Operator Action Fails to restore SFP Cooling 4.0E-2 4.0E-2
! (unit is entical)

l

e

t

|
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Table B.1 - Basic Event Data (Page 7 of 11)

1
-

| BASIC EVINTNAME COMPONENFDATA BASIC
EVENF'

y

PROB.

COMPONENFNAME FAILURE MODE FAH,URE PROB

SFP-XIIE-XE-UR Operator Action Fails to restore SFP Cooling 4.0E-2 4.0E-2
(unit is refueling)

SFPI-XIIE-XM-LSFP Operator Action Fails to iniate SFP Cooling 8.0E-2 8.0E-2
after late recovery (unit 1)

SFPI-XIIE-XM-SFP Operator Action Fails to iniate SFP Cooling 7.0E-3 7.0E-3
(early, unit 1)

SFP2-XilE-XM-LSFP Operator Action Fails to iniate SFP Cooling 8.0E-2 8.0E-2
after late recovery (unit 2)

SFP2-XIIE-XM-SFP Operator Action Fails to initate SFP Cooling 3.0E-2 3.0E-2
(early, unit 2)

t? SFPS-XilE-XM-LSFP Operator Action Fails to initate SFP Cooling 1.1E-2 1.1E-2
G| (late, unit I and 2)

.

SPCI-CKV-CF-2F SFP heat exchanger dis. chk valves CCF to open/ remain open 1.87E-5 1.87E-5
SPCI-CKV-CF-DIS SFP discharge check valves CCF to open/ remain open 2.67E-5 2.67E-5
SPC1-CKV-CF-MP2F SFP pump discharge check valves CCF (2-of-3) to open/rer.utin open 3.16E-5 3.16E-5

SPCI-CKV-CF-MPA SFP pump discharge check valves CCF (all 3) to open/ remain open 1.69E-5 1.69E-5
SPC1-1ITX-CF-2F SFP heat exchangers CCF (2-of-3) IITXs 1.87E-5 1.87E-5
SPCI-IITX-CF-AIL SFP heat exchangers CCF (all 3) 1ITXs 3.7E-6 3.7E-6
SPCI-IITX-FC-1 A Manual valve 153002A Plugs 4.0E-5 2.17E-5

lleat exchanger 1 A Plugs 137E-5
Manual valve 153004A Plugs 4.0E-5

SPCI-IITX-FC-1B Manualvalve 153002B Plugs 4.0E-5 2.17E-5
Ileat exchanger 1B Plugs 137E-5
Manual valve 153004B Plugs 4.0E-5

SPCI-IITX-FC-1C Manual valve 153002C Plugs 4.0E-5 2.17E-5
1leat exchanger 1C Plugs 137E-5
Manual valve 153004C Plugs 4.0E-5

SPCI-IITX-FC-COOL SFP llTX cooling system Fails to operate 2.4E-4 2.4E-4

SPCI-MDP-CF-2F SFP MDP (early) CCF to start /run (2-of-3) 5.86E-4 5.86E-4

1
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Table B.1 - Basic Event Data (Page 8 of 11)
|

BASIC EVINTNAME COMPONENT DATA BASIC
EVENT

"
PROB.

COMPONINT NAME FAILURE MODE FAILURE PROB

SPCI-MDP-CF-ALL SFP MDP(early) CCF to start /run (all 3) 2.72E-4 2.72E-4

SPCI-MDP-CF-L2F SFP MDP (late) CCF to start /run (2-of-3) 5.86E-4 5.86E-4 ~

j SPCI-MDP-CF-LAll SFP MDP (late) CCF to start /run (all 3) 2.72E-4 2.72E-4

SPCI-MDP-FC-1 A Manual valve 153006A Fails to remain open 4.0E-5 3.88E-3
Motor driven pump i A Fails to start /run 3.7E-3
Check valve 153009A Fails to open/ranain open 1.0E-4
Manual valve 153010A Fails to remain open 4.0E-5

SPCI-MDP-FC-1 AL (late) Manual valve 153006A Fails to remain open 4.0E-5 3.88E-3

| Motor driven pump 1 A Fails to start /run 3.7E 3
Check valve 153009A Fails to open/ remain open 1.0E-4

-CD Manual valve 153010A Fails to remain open 4.0E-5

E SPCI-MDP-FC-1B Manual valve 153006B Fails to remain open 4.0E-5 3.88E-3
Motor driven pump IB Fails to start /run 3.7E-3
Check valve 153009B Fails to open/ remain open 1.0E-4

Manual valve 153010B Fails to remain open 4.0E-5

SPCI MDP-FC-1BL(late) Manual valve 153006B Fails to remain open 4.0E-5 3.88E-3
i

Motor driven pump IB Fails to start /run 3.7E-3'

Check valve 153009B Fails to open/ remain open 1.0E-4

Manual valve 153010B Fails to remain open 4.0E-5

SPCI-MDP-FC-1C Manual valve 153006C Fails to remain open 4.0E-5 3.88E-3

; Motor driven pump IC Fails to start /run 3.7E-3

Check valve 153009C Fails to open/ emain open 1.0E-4

Manual valve 153010C Fails to remain open 4.0E-5

SPCI-MDP-FC-ICL (late) Manual valve 153006C Fails to remain open 4.0E-5 3.88E-3
Motor driven pump IC Fails to start /run 3.7E-3

Check valve 153009C Fails to open/ remain open 1.0E-4

Manual valve 153010C Fails to remain open 4.0E-5

SPCI-PSF-IT-DISA Manualvalve 153018A Plugs 4.0E-5 1.4E-4

Check valve 153019A Fails to open/ remain open 1.0E-4

SPCI-PSF-FC-DISB Manualvalve 153018B Plugs 4.0E-5 1.4E-4
,

Ow* valve 153019B Fails to open/ remain open 1.0E-4,

i

_ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _.m_m____ __ _ _ _ . _ _ _ ___ _ . _ _



Table B 1 - Basic Event Data (Page 9 of 11)

BASIC EVENT NAME COMPONENT DATA BASIC
EVENT

,.

PROB.

COMPONENT NAME FAILURE MODE FAILIIRE PROB
SPCI-XVM-OC-3001 Manual valve 153001 Plugs 4.0E-5 4.0E-5
Sirl-XVM-OC-3013 Manual valve 153013 Fails to remain open/ Plugs 4.0E-5 4.0E-5
SPCI-XVM-OC-3017 Manual valve 153017 Fails to remain open/ Plugs 4.0E-5 4.0E-5
SPC2-CKV-CF-DIS SFP discharge check valves CCF to open/ remain open 2.67E-5 2.67E-5
SPC2-CKV-CF-M P2F SFP pump discharge check valves CCF (2-of-3) to open/ remain open 3.16E-5 3.16E-5
SPC2-CKV-CF-MPA SFP pump discharge check valves CCF (all 3) to open/ remain open 1.69E-5 1.69E-5

SPC2-IITX-CF-2F SFP heat exchangers (CF (2-of-3) 1ITXs 1.87E-5 1.87E-5
SPC2-1ITX-CF Al I. SFP heat exchangers CCF (all 3) 1ITXs 3.7E-6 3.7E-6
SPC2-IITX-FC-I A Manual valve 153002A Plugs 4.0E-5 2.17E-5

IIcat exchanger I A Plugs 1.37E-5

[ Manual valve 1530G4A Plugs 4.0E-5
* SPC2-IITX-IC-1B Manual valve 153002B Plugs 4.0E-5 2.17E-5

Ileat exchanger iB Plugs 1.37E-5
Manual valve 1530G4B Plugs 4.0E-5

SPC2-IITX-IC-IC Manual valm 153002C Plugs 4.0E-5 2.17E-5
IIcat exchanger IC Plugs 1.37E-5
Manual valve 15304tC Plugs 4.0E-5

SIC 2-IITX-FC-COOI. SI'P IITX cooling system Fails to operate 2.4E-4 2.4E-4

SPC2-MDP-CF-2F SFP MDP (early) CCF to start /run (2-of-3) 5.86E-4 5.86E-4
SIC 2-MDP-CF-AI.I. SFP MDP (early) CCF to start /run (all 3) 2.7211-4 2.72E-4
SPC2-MDP-CF-1.2F SFP MDP (late) CCF to start /run (2+f-3) 5.86E-4 5.86E-4
SIC 2-MDP-CF-LAl.l. SFP MDP (late) CCF to start /run (all 3) 2.72E-4 2.72E-4

SPC2-MDP-IC-1 A Manual valve 153006A Fails to remain open 4.0E-5 3.88E-3
Motor driven pump 1 A Fails to start /run 3.7E-3
Check valve 153009A Fails to open/ remain open LOE-4
Manual valve 153010A Fails to remain open 4.0E-5

SPC2-MDP-IC-1 AL (late) Manual valve 153006A Fails to remain open 4.0E-5 3.88E-3
Motor driven pump i A Fails to start /run 3.7E-3
Check valve 153009A Fails to open/ remain open 1.0E-4

,
Manual valve 153010A Fails to remain open 4.0E-5

|

t
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Table B.1 - Basic Event Data (Page 10 of 11)

BASIC EVENTNAME COMPONENTDATA BASIC
EVENT

" PROB.

COMPONENTNAME FAILURE MODE FAILURE PROB

SPC2-MDP-FC-1B Manual valve 153006B Fails to remain open 4.0E-5 3.88E-3

Motor driven pump 1B Fails to start /run 3.7E-3

Check valve 153009B Fails to open/ remain open 1.0EJ
Manual valve 153010B Fails to remain open 4.0E-5

SPC2-MDP-FC-1BL (late) Manual valve 153006B Fails to remain open 4.0E-5 3.88E-3
Motor driven pump IB Fails to start /run 3.7E-3
Check valve 153009B Fails to open/ remain open 1.0E-4
Manual valve 153010B Fails to remain open 4.0E-5

SPC2-MDP-FC-IC Manual valve 153006C Fails to remain open 4.0E-5 3.88E-3
Motor driven pump IC Fails to start /run 3.7E-3

to Check valve 153009C Fails to open/ remain open 1.0E-4

h Manual valve 153010C Fails to remain open 4.0E-5

SPC2-MDP-FC-ICL (late) Manual valve 153006C Fails to remain open 4.0E-5 3.88E-3
Motor driven pump IC Fails to start /run 3.7E-3
Check valve 153009C Fails to open/ remain open 1.0E-4
Manual valve 153010C Fails to remain open 4.0E-5

SPC2-PSF-IE-DISA Manual valve 153018A Plugs 4.0E-5 1.4E-4
Check valve 153019A Fails to open/ remain open 1.0E-4

SPC2-PSF-FC-DISB Manual valve 153018B Plugs 4.0E-5 1.4E-4
Check valve 153019B Fails to open/ remain open 1.0E-4

SPC2-XVM-OC-3001 Manual valve 153001 Plugs 4.0E-5 4.0E-5

SPC2-XVM-OC-3013 Manual valve 153013 Fails to remain open/ Plugs 4.0E-5 4.0E-5

SPC2-XVM-OC-3017 Manual valve 153017 Fails to remain open/ Plugs 4.0E-5 4.0E-5

SSNV-SS-NV Safety Systems Not vulnerable to steam / flood prop. 1.0E-1 1.0E-1

SSV-XVM-NOREC Operator Action Fails to recover systems from steam / flood prop. 1.0E-1 1.0E-1

STM.XVM-XM-F Steam isolation Systems are not isolated from steam / flood prop. 1.0E-1 1.0E-1

TUATE-STAT Gate Status Fraction of time transfer gate is open 1.0 1.0
during refueling

.

6
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Table B.1 - Basic Event Data (Page 11 of 11)-

BASIC EVENTNAME COMPONENTDATA BASIC
EVENT

,.

PROB.

CT)MPONENT NAME FAILURE MODE FAILURE PROB
UNREC-XIIE-RECV-1 Compiscated Recovery of Core Cooling, LOOP, EP recovered early SSE-2 SSE-2
UNREC-XIIE-RECV-2 Complicated Recovery of Core Cooling, LOOP, EP not om, c.cd SSE-2 SSE-2
UNREC-XIIE-RFfV-P Complicated Recovery of Core Cooling during Primary LOCA 3 M -2 3.0E-2
LKSMR leak fraction Fracten of small caks in SFP boundary 2.0E-1 2.0E-1-

(s,s. ;ce and refueling) --

LKLGC Leak fraction Fraction of large leaks in SFP boundary 3.0E-1 3.0E-1
(coeration)

LKLGR leak fraction Fraction of large leaks in SFP boundary 7.0E-1 7.0E-1
(refuelma)

MIS 11GE Operator Action Fails to isolate large SFP iweid-y 1.8E-1 1.8E-1
Y leak (early)
G MISLLGL Operator Action Fails to isolate large SEP boundary 8M-1 8.0E-1

. leak Oase)
! MISLSPCE Operator Action Fails to isolate SFPC system 8 M -2 8.0E-2

leak (refueling)

MISLSPIIN Operator Action Fails to isolate SFPC system 8.0E-2 8.0E-2
leak (critical)

:

_

M

S

h
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Table B.2 - LOOP Model Parameters for Susquehanna

!i lo tr

11 0.0797 3.3136 0.7837 |
G1R2 0.01 1.4697 0.9899
S2R2 0.(X)5 0.1985 0.9759
SS3 0.002 0 0

l
.

Table B.3 - Breakdown of Piping-Associated SFP Leaks

Refueling Non-Refueling

Small 3.5 (3.5) 5 (5) 8.5 (8.5)
Large 0.5(Il)_ _. 2_(2) 2.5 (3.5)l

4 (5) 8 (8)

Table B.4 - Bn:akdown of Scal-Associated SFP Iraks

Refueling Non-Refueling

Small 1 (1) 0 (1) 1(2)
Large 1(2) 0 (0) 1(3)

4 (7) 1(2) !
l

|
Table B.5 - Frequency-Magnitude Relationship for Earthquakes at :he Susquehanna Site

-
i

elevel Mean Freauency_(/vr)

0.15 1.47E-04

0.26 5.29E-05
0.31 3.49E-05 j

0.41 1.71 E-05 ;

0.51 9.28E-06
0.66 4.26E-06 |
0.82 2.19E-06
1.02 1.02E-06

|

I

I
l
!
,
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APPENDlX C - HUMAN RELIABILITY ANALYSIS

C.1 Approach
'

In keeping with the simple modeling appmach used in other parts of the analysis, a simple
human reliability analysis (HRA) technique is employed. This technique, documented in Ref. C.1,
is a worksheet-based approach developed for the Accident Sequence Precursor (ASP) program. A
sample worksheet for a single action is shown in Figure C.I. The worksheet requires the analyst
to evaluate performance shaping factors (PSFs) relevant to a given action and then to modify base
human error probabilities (HEPs) based on the evaluation.

The likelihood of failum of subsequent actions is tmated using a second worksheet (see
Figum C.2). This worksheet addresses issues that could increase the dependency between actions.
This study tmats multiple unit actions (e.g., failure of operators at Unit 2 to restore spent fuel pool
makeup using Unit 2 sy(tems, given that operators at Unit I have failed using the Unit I systems)
using the worksheet. In yncral, the result is that there is a moderate level of dependency between
actions.

The base HEPS and modification factors used in this procedure are derived from the widely
used Technique for Human Error Prediction (THERP) [C.2] methodology. Thus, the approach
does not repmsent a fundamentally diffemnt approach to dealing with human errors; rather it is a
consistent psychology- and human factors-based compilation which allows mlatively quick (if
sometimes conservative) estimates of HEPs under a wide variety of conditions.

C.2 Performance Shaping Factors

There are six performance shaping factors required by the ASP HRA technique and used in
this analysis. The performance shaping factors are:

1. Complexity, stress, and workload
! 2. Experience / training

3. Procedures4

4. Ergonomics
5. Fitness for Duty
6. Crew dynamics.

The first four PSFs are of special interest to this study, due to the nature of the spent fuel
pool accident scenarios hypothesi 7ed.

.

C-1
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t

h2 Scenarlos Sequence Numiber: Cutset:

Task Erew Description:

Esmemins Rasunu

'nadequate tine
high threat uste tune 5 5

"' " " " ""
1. Couplexity, stress,

and workiced
j nadequate tinei

.ow tircat Auste time 1 1
,

& stress expansive tine 1 |

poor training 10 10
low expen.ence

8 8 I I
2. Experience &aining

8
high experience

good training 0.5 0.5 ,

procedures absent 10 10

3. Procedure < procedures presentpour procedures 5 5

good prcredures 1 1

pur ergonomics 5 5
,,

good ergononnes ! I ,

3 3
,

retrofit plant (pour ergonomics
<

4. Ergonomics '

gmd ergonomics 0.7 0.7 ,

pour ergonondes 2 2
new plant I

good ergonondes 0.4 0.4

5. Fitness fcr duty ( fd i 1

pour crew dynandes 10 10
6. Crew dynanu,ca

good crew dynamics | |

Complexity. Expmence/ Procedures Ergonosub Fitness Cnw
seus, and W for nynandes

Task Portion **W day

Proccuing: 10 E2 x x x x x x , g; pg

Response Failure ProbabilityResponse 10 63 x x x 1 1 x = +

Task Failure Probabihty
Without Fornal Dependence

Figum C.1 - ASP HRA Worksheet (Sheet 1 of 2)
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DEPENDENCY CONDITION TABLE

Condition Crew System location Time Cues Dependency Number of

Number (same or (sarne or (same or (close m (additional Iluman Action

differmt) diffen:nt) different) time or not or not Failures

close in additional) ;

time

i s s a c - complete if this

2 s s s oc na high

3 s s s te a moderate erroris the

high4 s s d c -

5 s s d oc na unierate third error

6 s s d nc a low

7 s d s c - moderase in the

8 s d s te na low

9 s d s nc a low sequerre

m(xicraic10 s d d c -

11 s d d ne na low then the

12 s d d to a low

i

rrnierate deperxlercy13 d s s c -

14 d s s ne na low

15 d s s nc a 7ao is moderate,

16 d s d c rau-

17 d s d rc na ran if it is the

18 d s d te a zoo

low fourth error19 d d s c -

20 d d s nc na rao

21 d d s nc a rao deperxlency

22 d d d c rao-

23 d d d nc na rau is high

24 d d d nc a 7ao

Using N= Task Failure Probability Without Formal Dependence (calculated on previous page):
For Complete Dependence the probability of failure is 1.
For liigh Dependence the probability of failure is (1+Ny2
For Moderate Dependence the probability of failure is (l+6N)U
For Imw Dependence the probability of failure is (1+19N)/20
For Zero Dependence the probability of failure is N

(1 + (__t 1)/_ = Task Failure Probability With

Formal Dependence

Figure C.2 - ASP HRA Worksheet (page 2 of 2) i
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1. Comnlexitv. stress and workinadz For this PSF several diffemnt conditions would exist for .|.

the hypothesized scenarios. For example, actions modeled such as placing RHR in a spent fuel
pool assist cooling mode _can be fairly complex and time consuming. That is, operators am |

engaged in multiple tasks which require a good deal of time to complete. In addition, variations in |:

| scenario timing occur due to diffemnt decay heat loads that can affect the time available, size of
leaks etc.,in tum affecting workload and the operators'stmss. The number of personnel available4

i in mfueling vs. non fueling conditions can also be a factor. i

| 2. Ru nerience> training. For this PSF we needed to consider the interaction of the operators' ;
'

j training on events of this type, with the novelty of the particular scenario. For example, in some

i cases, operators have literally never taken the actions described. Whatever historical evidence
existed was brought into consideration for this factor. Also, the procedures we reviewed wem of a

; generic natum rather than a step-by-siep pmscription.
-

. |
'

:3. Procedums This PSF is particularly important because procedures may not be well developed !

for some spent fuel pool scenarios as they have not received as much attention as dimet com,

damage scenarios. Thus a distinction was made between those actions covemd by either the plant |
'

! EOPs or plant NOPs, and those covered by the non-specific Fuel Pool cooling procedures we had :

reviewed. ~
, ,

t

4. Ergonomics. This PSF is important in several ways. First, some of the needed accidentt ,

mitigation equipment may not be accessible during the scenario (e.g., elevated radiation levels near'

,

, . the pool during a severe draining event). Another important ergonomics issue concerns the |

[ human-machine interface, as this affects how operators am informed of spent fuel pool conditions !

; and how they manipulate components in msponse to their indications. Also, many actions am
mquimd outside of the control where typically the Human Machine Interface (HMI) is not as*

cleanly designed and controlled as in the reactor control room. 'Ihe number and type of manual4

; actions, and leak location also play a role.
,

5 & 6. Fitness for Duty and Crew dynamics. Due to the generic aspect of this analysis these'

j factors were assumed to have no impact.
.

i C.3 Key Assumptions

A number of assumptions were made to facilitate the analysis. These assumptions were
made to assure consistencies across the human actions in the scenarios.

i 1. Operators all have good training
2. Procedums are generic,

3. Ergonomics inside the control room are good'

!- 4. Ergonomics outside the control room am poor (as defined by the ASP HRA worksheet)
5. Operators are fit for duty

)
6. Crew dynamics are good

~

These assumptions wem then modified based upon the factors of event timing, type of
'

leak, scenario complexity, reactor state, need for manual actions outside the control room,

;

C-4
,
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~
h

i ,

'

environmental concerns, and the possibility for second checks and mcovery. Each of these issues
I were considered in completing the ASP quantification form. In general the kinds of considerations |

made for these factors are listed in Table C.1 below. i
'

We also attempted to consider the known operating experience. Operating experience i
,

played a role in checking the masonableness of the human error probabilities, as well as
!understanding how the factors in Table C.1 above might impact performance.;

:
!

Table C.2 below shows the final msults of the human reliability analysis. For each human
error basic _ event,. the failure mode, a description of .what factors wem considered in the

,

j- quantification, and the resulting HEP am listed. Section C.4 of this appendix contains the ASP
HRA worksheets for each of the human error. The worksheets occur in the approximate order of
Table C.2. ;

*

4

4

i

Table C.1 - Factors and Considerations Influencing Human Error Probabilities
.

: Factor Considerations / Assumptions
Event timing Affected by leak si7c, location

j. Type ofleak Large leaks am more easily detected,- but
give less time to act. Seal leaks are more |

t easily detected than spent fuel pool cooling ;

: system leaks.

| Scenario complexity A non-isolated leak will increase event
complexity and stress.

Reactor state If the reactor is mfueling personnel are more'

: likely to be around increasing chance of
i detection of problems outside the control

room. However extra personnel and
i workload can decrease vigilance

Actions outside control room Generally ergonomics are less favorable in
the plant

Environmental factors Radiation, high temperature, high humidity
can negatively impact performance

.

i Second checks and recovery Second unit can serve as possible source of

j_ recovery

:
;

i

'
i

i C-5
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Table C.2 - Results of the Human Reliability Analysis (HRA)(page 1 of 4)

Basic Event Name Faihue Mode Description liuman Error
Pmbebility 0{EP)

ALT-X11F2KM-SFP Operator Fails to establish ALT cooling early early, procedures non-specific, no degradanon of .01
conditions

ALT-XlIE-XM-SFPL Operator fails to establish ALT cooling late late, reduced time available, more stess, poor .08
environmental factors possible

ALT-XIIE-XM-SI'PP Operneor fails to establish ALT cooling during uncomplicated, expansive time, acuans outsule .03
LOOP- unconiplicated contml

ALT-XIIE-XM-SFPP Operator fails to establish ALT cooling during crunplicated, increases stress, moderases expensive .08
LOOP- complicated time, actions outside contrci room

MKP-XIIA-XA-CSMIS Operaenr fails to align makeup systems early actions outside control roosa, early, reactor critical, .0035
smallleak isolated

2nd Unit Recovery
.0035*.14=.0005 '

MKP-XIIA-XA-RSMIS - Operator fails to a'ign makeup systems early actions outside control room, early, refueling, small .0035

h leak isolated
2nd Unit Recovery
.0035*.14=.0005 ,

MKP-XIIA-XA-CLGIS Operator fails to align makeup systems early actions outside control room, early, reach critical, .0035 j
large leak isolated |

2nd Unit Recovery - i,

.0035*.14=.0005 ,

MKP-XIIA-XA-RLGIS Operator fails to align makeup systems early acuons outside control room, early, refueling, large .0035 -[,

leak isolated'

, 2nd Unit Recovery ['
.0035*.14=.0005 ;

Basic Event Name Faihue Mode Description HEP
, ,

MKP-XIIE-XA-CSMN1 Operator fails to align makeup systems early actions outside control room, early, reactor critical, .007 *
;

smallleak, not isolated
2nd Unit Recovery :

.007*.14=.001 I

MKP-XIIE-XA-RSMNI Operator fails to align makeup systems early acuens outside control room, early, refueling, small .007 i
leak, not isolated

2nd Und Recovery i

.007*.14=.001

1
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Table C.2 - Results of the Human Reliability Analysis (HRA) (page 2 of 4)

i

Basic Event Name Failure Mode Description Human Emr
Protability GEP)

MKP-XHA'-XA-CLGNI Operator fails to align makeup systems early actions outside control room, early, reactor critical,' .018
large leait, not isolated

2nd Unit Recovery
.018*.14=.0025 -

MKP-XIIA-XA-CIRIB Operator fails to align makeup systems early actmns outside control roosn early, reactor critical, .018
large leak- boundary, not isolated

MKP-X11E-XA-RLGNI Operator fails to align makeup systems early actons outside control room, early, refueling, large .018
leak, not isolated

2nd Unit Recovery' ,

.018*.14=.0025

MKP-XHE-XA-RINIB Operator fails to align makeup systems early actions outside cmtrol room, early, irfueling, large .018*

; leak-boundary, not isolated

_ EPS-XHE-NOREC Operator fails to recover ewm..c1 power actions outside control romn - .03 |

y. GOPEN-XHE-XA-INT Operators fail to open mate early, actiom outside control room- .007 ;

'

LMKUP-XIE-XA-SFP Operator fails to align makeup systems late late, reduces time, more stress .08
,

2nd Unit Recovery ;

.08 * .14= .011

|

!

.i

.

,

e

t

,
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Table C 2 - Results of the Human Reliability Analysis (HRA) (page 3 of 4)

Basic Event Name Failure Mode Description IIEP *

MUES-XHR-XA-SFP Operator fails to alian makeup or ECCS systems early early .007
'

MUES-X11E-XA-LSFP Operator fails to align makeup or ECCS systems late late, reduces time, more stress .08

2nd Unit Recovery
.08 * .14= .011

SFP-XIIE-XF UC Operator fails to restore SFP Cooling System decision only, reactor critical, leak location .035

SIP-XIIE-XE-UR Operator fails to restore SFP Cooling System decision only, reactor refuelina. leak lomtion .035
SFP-XIIE-XE-IP Operator fails to restore SFP Cooling System decision only, loss of power. leak location .07

SFP-XIIE-XE-LINVR Operator fails to restore SFP Cooling System decision only, reactor refuchng, girater .0035 '

number of staff in plant, leak locanon

SFP-XIIE-XE-LINVC Operator fails to restore SFP Cooling System decision only, reactor critical, leak location .07

SFP-X11E-XE-PLR Operator fails to restore SFP Cooling System decision only, reactor refueling, greater 0035
number of staff in plant, leak locanong

& SFP-XIIE-XE-Pl.C Operator fails to rewore SFP Cooling System decision only, reactor critical, leak locatson .07

RI-XIIE-XM-RIIR Operator fails to initiate RilR mode of SFP cooling- early, uncomplicated, actions never .07
Unit I gu fmmed, manual actions outsade control

room

R2-XilE-XM-RIIR Operator fails to initiate RIIR mode of SFP cooling- early, uncomplicated, actions never .07 |
Unit 2 perfonned, manual actions outside control i

"room

SFP-XIIE-ISO-LK Operator fails to isolate leak during primary LOCA potential environmental factors .05

|

i
*

-

>

s

h

,
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: Table C.2 - Results of the Human Reliability Analysis (HRA) (page 4 of 4)

Basic Event Name . Falure Mode Desmpoon HEP

MISLSPilh Operator fails to isolate SFP beimdary leak, early early, pipe leak, reactor cnocal, non-specific .006
i=mo;,.6, actions outside control com i

MISLSPCE Operator fails to isolate SFP boundary leak, early early, pipe leak. refueling, non-specific .008L '

i-Tue cA accons outside metrol sooni :

MISLLGE Operator fails to isolate SFP boundary leak, early early,large seat leak (reducing time .18 I

available), difficuk to mitigate, pw(4 m
non-specific, accons outside control socin

MISLLGL Operator fails to isolate SFP boundary leak, late late, large leak, gwce s non-specific, poor .8
environmental factors possible, actions - '

outside control room
SFP-XilE-MANISO-E Operator fails to isolate SFP, early early, small seal leak, non-specific .007

imud cs, accons outside control room-

SFP-X11E-MANISO-L Operator fails to isolate SFP boundary Leak, late late,non-specific psui , poor .08

g environmental factors possible, outside
;

control room
SFP-XilE-XA-ECCS Operator fails to align ECCS systems well tramed action .001

SFPI-XIIE-XM-SFP (Unit Operator fails to initiate SFP cooling early early, actions outside control room .007
1)
SFP2-XIIE-XM-SFP (Unit
2)
SFPI-XilE-XM- Operator fails to initiate SFP cooling after late late, actions outside control room .08 ;

LSFP(Unit 1) recowry ;

SFP2-XIIE-XM-LSFP t

(Unit 2)
,

1

[

i

B

h

t
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C.4 HRA Worksheets

The worksheets used to generate the results shown in Table C.2 are shown in the following

pages.

,

a

1

C-10

_ _ _ _ _ _ _ - - -



ASP HUMAN ERROR WORKSHEET (Page 1 cf 2) ALT-XHE-XM-SFP

Plant: Scenario: Sequence Number:

Task Error Description: Operator Fails to Establish ALT Cooling Early
Processine Resymse

dequate time * =

high threat equate time 5 5

& stress xpansive time 2 2

1. Complexity, stress,
and workload

inadequate time = =

low threat adequate time 1 1

@& stress xpansive time 1 ,

10 10

low experience < poor training
good training 1 @

2. Experience / training
5 5

- high experience < poor training
good training 0.5 0.5

10 10

3. Procedures (procedures absentpoorprocedures 5 h
procedures present

goodprocedures 1 1
,

5 5

old plant < poor ergonomics
good ergonomics 1 1

|
3 3

retrofit plant (poor ergonomics |
4. Ergonomics '

good ergonomics 0.7 0.7

2 2

new plant < poor ergonomics
good ergonomics 0.4 0.4 |

|

unfit 25 25

5. Fitness for duty hfit I
|

!
poor crew dynamics 10 10

6. Crew dynam,ics hgood crew dynamics I

Complexity Experience / Procedures Ergonomics Fitness Crew
stress, and training for dynamics
workload duty

Task Portion ,

Processing Failure ProbabilityProcessing: 10 E 2 x x x x x x =

= + .01 Response Failure ProbabilityResponse: 10 E-3 x 1 x 1 x 5 x 7 x 1 x 1

Task Failure Probability
C-1] Without Formal Dependence

_ - _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ -
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<

|

ASP HUMAN ERROR WORKSHEET (Page 1 cf 2) ALT-XHE-XM-SFPL

Plant: Scenario: Sequence Number: -

;
Task Error Description: Operator Fails to Establish ALT conlinn Iat,

|
Pr= =<h e Response

* dequate time
high threat uate time 5

& stress xpansive time 2
1. Complexity, stress,

and workload inadequate time = =

low threat adequate time 1 1

& stress pansive time 1 1
. . . .

Poor training 10 10

low expen.ence
good training i

2. Experience /traim.ng
'

;high experience
good training 0.5 0.5

10 10

3. Procedures < procedures absentpoorprocedures 5
procedures present

Ngoodprocedures 1 1

poor ergonomics 5 5

good ergonomics 1 I .

@3
, retrofit plant (poor ergonomics4. Ergonomics

good ergonomics 0.7 0.7

poor ergonomics 2 2

good ergonomics 0.4 0.4 -

25 25

5. Fitness for duty < unfit @fit I

poor crew dynamics 10 10

6. Crew dynam,cs
good crew dynamics ! @

i

<

Complexity, Experience / Procedures Ergonomics Fimess Crew
for dynamicsstress, and training

Task Portion g rkload duty

'

Processing Failure Probability
Processing: 10E-2 x x x x x_ x =

+ .075 Response Failure Probability
Response: 10 E 3. x 5 x 1 x_ 5 x a x 1 _x 1 =

C-12 rask Failure Probability
Without Formal Dependence >

_ -__
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ASP HUMAN ERROR WORKSHEET (Page 1 cf 2) ALT-XHE-XM-SFPP

Plant: Scenario: Sequence Number:

Task Error Description: Operator Fails to Establish ALT Coolino Durino LOOP. unenmolicated
Processmg Response

quate time = ='

high threat equate time 5 5

1. Complexity, stress,
and woridoad inadequate time = =

low threat adequate time 1 1

& stress pansive time 1 1
. . . .

10 10

low experience < poor training
good training I @

2. Experience / training

high experience
good training 0.5 0.5

10 10

3. Procedures (procedures absentpoorprocedures 5 @
procedures present

goodprocedures 1 1

poor ergonomics 5 5

good ergonomics 1 1

3 @
retrofit plant (poor ergonomics4. Ergonomics

good ergonomics 0.7 0.7

poor ergonomics 2 2

good ergonomics 0.4 0.4

25 25

5. Fimess for duty < unfit
@fit I

;

10 10

6. Crew dynamics < poor crew dynamicshgood crew dynamics I

Crew
Complexity Experience / Procedures Ergonomics Fimess . dynamics

|

,

i

stress, and training for

Task Portion %rk)ad
duty

Processing Failure Probability
Processing: 10 E-2 x x x x x x =

.03 ResponseFailureProbability
Response: 10 E 3 x 2 x 1 x 5 x _1 x 1 x 1 = +

C-13 Task Failure Probability
Without Formal Dependence

. - - _ _ _ _ _ _ _ _ _ _ _
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ASP HUMAN ERROR WORKSHEET (Page 1 cf 2) ALT-XHE-XM-SFPP

Plant: Scenario: ' Sequence Number:

Task Error Description: Operator Fails to Establish ALT coolina durino I nnp. enmnlicatad |

Processmr Response

~ dequate time
'

high threat unte time 5

& stress xpansive time 2 >

1. Complexity, stress, '

and workload
madequate time

low threatj&1 equate time 1 1

& stress pansive time 1 1
. ..

i

Poor training 10 10

low expen.ence
good training 1 @

,,

2. Experience /traimng poor training 5 5

high expen,ence
good training 03 0.5

- procedures absent 10 10

3. Procedures poorprocedures 5 h
'

procedures present
goodprocedures 1 I

.

i

poor ergonomics 5 5

good ergonomics 1 1

3 @
retrofit plant (poor ergonomics4. Ergonom.es~

good ergonomics 0.7 0.7 )

fpoor ergonomics 2 2

good ergonomics 0.4 0.4

25 25

5. Fitness for duty < unfit
fit 1 @

l

Poor crew dynamics 10 10
'

good crew dynamics 1 @ |6. Crew dynam.es

|

Complexity, Experience / Procedures Ergonomics Fitness Crew |

stress, and training for dynamics

Task' Portion ~ T rkload
duty

Processing Failure Probability
Processing: 10E 2 x x x x x x =

+ .075 Response Failure Probability
Response: 10 E 3 x 5 x 1= x_ 5- x 3 x 1 x 1- = ,

;

C.14 Task Failure Probability
Without Formal Dependence



MKP-XHA-XA-CLGIS
MKP-XHE-XA-RLGIS

ASP HUMAN ERROR WORKSHEET (Page 1 cf 2) MKP-XHE-XA-CSMIS
MKP-XHE-XA-RSMIS

Plant;' Scenario: Sequence Number:

Task Error Description: Operator Fails to Align h kenn syttome Farly emm11 1amb 4entm+od,
Processmg Respnse large leak isolated.

dequate time = =

high threat equate time 5 5

& stress pansive time 2 2

1. Complexity, stress,
and workload

madequate time = =

low threat adequate time 1 1

& stress pansive time 1 @ . . . .

10 10

Iow experience < poor trainingi
good training 1 @

2. Experience / training ,,

5 5
4Ipoor trammg

high experience
,

*

good training 0.5 0.5

10 10

3. Procedures < procedures absentpoorprocedures 5 @
procedures present

good procedures 1 1

5 5

old plant < poor ergonomics
good ergonomics 1 1

3 3

retrofit plant (poor ergonomics4. Ergonomics h
,

'

good ergonomics 0.7

2 2

new plant < poor ergonomics
good ergonomics 0.4 0.4

unfit 25 25
.

5. Fitness for duty hfit I

,

!

poor crew dynamics 10 10

6. Crew dynam,cs
-

hi
good crew dynamics I

Complexity, Experience / Procedures Ergonomics Fimess Crew
stress, and training for dynamics

Task Ponion E'kl*d du'Y

Processing Failure ProbabilityProcessing: 10 E-2 x x x x x x ='

.0035 Response Failure Probability- Response: 10 E 3 x 1 x- 1 x 5 x .7 x _1 x 1 = +

C-15 Task Failure Probability

Multiply by .14 for moderate dependency with Unit Two Recovery
-

_ _ _ _ _ _ _ _ _ _
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' ASP HUMAN ERROR WORKSHEET (Page 1 of 2) MKP-XHE-XA-CSMNI

MKP-XHE-XA-RSMNI

Plant: Scenario: Sequence Number:

Task Error Description: Operator fails to alian makeup system eariv- small leak not isolated
Processmg Rerponse

quate time = =

high threat quate time 5- 5

& stress xpansive time 2 @
1. Complexity, stress,

and workload
f nadequate time =i =

low threat # Jane time 1 1

& stress xpansive time 1 1
. . . .

10 10

low experience < poor training hgood training I

3. Experience / training
poor training 5 5

high experience < good training0.5 0.5

10 10

3. Procedures < procedures absentpoorprocedures 5 5

procedures present
good procedures 1 1

5 5

old plant < poor ergonomics
good ergonomics 1 1

3 3

retrefit plant (poor ergonomics4. Ergonomics
good ergonomics 0.7 0.7

2 2

new plant < poor ergonomics
good ergonomics 0.4 0.4

unfit 25 25
5. Fimess for duty

hfit I

poor crew dynamics 10 10

6. Crew dynamics
,

hgood crew dynamics I

Complexity, Experience / Procedures Ergonomics Fimess Crew

stress. and training for dynamics
duty

Task Portion wykload

Processing: 10E-2 x x x x x x =
_

Processing Failure Probability

!
Response: 10 E 3 x 2 - x 1 x 5 x .7 x 1 x 1 =. + nn7 Response Failure Probability

C-16
Task Failure Probability ;

Without Formal Dependence

Multiply by .14 for moderate dependency with Unit Two Recovery
.

!
1



MKP-XHA-XA-CLGNI

ASP HUMAN ERROR WORKSHEET (Page 1 of 2) MKP-XHA-XA-CLN1B
MKP-XHE-XA-RLGNI

'

MKP-XHE-XA-RLNIB

Plant: Scenario: Sequence Number: ,

1

Tesk Error Description: Operator fails to alian makeuo system ear 1v- larae leak. not isolated
Proce<<'m Response |

'nadequate time = ,

high threat quate time 5 |

& stress xpansive time 2 |
|

1. Complexity, stress, i

and workload =inadequate ume =
low threat adequate time 1 1

& stress xpansive time 1 1 ,

,

10 10 |

low experience < poor training
good training I @

2. Experience / training 5 5

high experience < poor training
good training 0.5 0.5

|

10 10 :

3. Procedures (procedures absentjpoorprocedures 5 5

pmcedures present <\ good procedures ! I

5 5

old plant < poor ergonomics
good ergonomics 1 1

,

3 3

retrofit plant (poor ergonomics4. Ergonomics
good ergonomics 0.7 0.7 |

2 2

new plant < poor ergonomics
good erEonomics 0.4 0.4

25 25

5. Fitness for duty (unfit
fit 1 @

1

10 10

6. Crew dynamics (poor crew dynamicsh ;
good crew dynamics I

I

|

|
i

Complexiry. Experience! Procedures Ergonomics Fimess Crew ;

stress, and training for dynamics j
,

duty
Task Ponion %rktad

Processing Failure Probability
Processing: 10E.2 x x x x x_ x =

+ _ n1 R Response Failure Probability fResponse: 10 E-3 x 5 x_ 1 x 5 x_ .7 x 1 x 1 =

Task Failure Probabilityr, n
Multiply by .14 for moderate dependency foYMKP-XHA-XA-CLGNI(.0025) Without Formal Dependence

'

Recovery MKP-XHE-XA-RLGNI(.0025) |



. ASP HUMAN ERROR WORKSHEET (Page 1 of 2) EPS-XHE-NOREC j

. Plant: Scenario- Sequence Number:
!,

-

Task Error Description:- Operator Fails to Recover Fmeroency pnwar 1

|
Procesamt Response ;

t,

-i
f"e"quate time = j

"

' * tune 5 ihigh threat
& stress xpansive time 2 ;

1. Complexity, stress, j
and workload i

madequate time " - :
"

low threat adequam time 1 I
|

& stress xpansive time 1 I
;. . . .

i

!,
Pa training 10 10

low experience
good training i @ .

f- 2. Experience / training r training 5 5

high experience ;

good training 0.5 0,

;

n 0 10 j

3. Procedures . poorprocedures 5 '

f Procedures present
good procedures 1 1

Poor ergonomics 5 5

oldple
good ergonomics 1 1

'

retrofit plant (good ergonomics' 4. Ergonomics 0.7 0,7

2
8 8

new plant
good ergonomics 0.4 0.4

25

5. Fimess for duty
fit 1 @

Pu crew dynamics 10 10

6.' Crew dynarnics
good crew dynamics 1 Q

l

1

Complexity, Experience / Procedures Ergonomics Fimess Crew

stress, and training for dynamics
duty |

Task Portion yrkload
Processing Failure Probability f

Processing: 10 E 2 x x x x x x =

= + .03 Response Failure Probability1Response: 10 E 3 x ' 2 1 5 3 1 xx x x x

Task Failure Probability :C-18 Without Forma! Dependence

|



ASP HUMAN ERROR WORKSHEET (Page 1 of 2) G0 PEN-XHE-XA-INT

Plant: Scenario: Sequence Number:

Task Error Description: Operator Fails to Open Gate, early
Processing Response

quate time
high threat quate time 5 5

& stress xpansive time 2
1. Complexity, stress,

and workload
inadequate time ==

-

low threat adequate time 1 1

& stress pensive time 1 1
. . . .

Poor training 10 10

low expen.ence hgood training I
..

2. Experience /trainmg
poor training 5 5

high expen.ence
scod training 0.5 0.5

10 10

3. Pmcedures< procedures absentpoorprocedures 5 h
pmcedures present

goodprocedures 1 1

poor etgonomics 5 5

good ergonomics 1 1

retrofit plant (good ergonomics h4. &gonomics
0.7

'

new plant
good ergonomics 0.4 0.4

25 25

5. Fitness for duty < unfit @fit I

,

poor crew dynamics 10 10

6. Crew dynamics hgood crew dynamics I

Complexity. Exprience/ Procedures Ergonomics Fimess Crew
stress, and training for dynamics

* rkload duty
Task Portion .

Processing Failure Probability
Processing: 10E 2 x x x x x x =

+ .007 Response Failure Probability.7 x 1 x 1Response: 10 E-3 x 2 1 x 5 x =x

C-19 Task Failm Probability
Without Formal Dependence



_

ASP HUMAN ERROR WORKSHEET (Pege 1 cf 2) LMKUP-XHE-XA-SFP

Plant: Scenario: Sequence Number:

Task Error Description: Doerator Fa#1s in Align Makoon tyctome lato
Pror.essmg Response

uate time =' =

high threat --adequate time 5 @
& stress xpansive time 2 2

1. Complexity, stress,
and workload

inadequate time = =

low threat adequate time 1 1

& stress pansive time . I 1
. . . .

&

10 10

low experience < poor training
(1)1good training 1

2. Experience / training
5 5

high experience < poor training
good traming 0.5 0.6

.

,

10 10

3. Procedures (procedures absentpoorprocedures 5 h
'

procedures present
good procedures ! I

5 5

old plant < poor ergonomics i
'

good ergonomics 1 1

3 @
retrofit plant (poor ergonomics4. Ergonomics

good ergonomics 0.7 0.7
1

poor ergonomics 2 2 |

good ergonomics 0.4 0.4 ;

i

25 25

5. Fitness for duty < unfit
fit I h

poor crew dynamics 10 10

6. Crew dynam,csi
good crew dynamics 1 @

Complexity, Experience / Procedures Ergonomics Fimess Crew

stress. and training for dynamics

Task Portion yrktad duty
'

Processing Failure Probability
Processing: 10 E 2 x x x x x x =

= + .075 Response Failure Probability1 x 5 x 3 x 1 x 1' Response: 10 E 3 x 5 x

C-20 Task Failure Probability i

Multiply by .14 for moderate dependency with Unit Two Recovery



.

ASP HUMAN ERROR WORKSHEET (Page I cf 2) MUES-XHE-XA-SFP

Plant: Scenario: Sequence Number:
,

Task Error Description: Operator Fails to Alian Makeuo or ECCS Svstamt parly ;

Processmr Respome

' dequate time a
high threat uate time 5 '

& stress xpansive time 2
1. Complexity, stress,

and woridoad
inadequate time = =

low threat adequate time 1 1

& stress xpansive time 1 1
. ..

10 10

low experience < poor training
'

good training I @
2. Experience / training

5 5

high experience < poor training
good training 0.5 0.5

10 10

3. Procedures < procedures absentpoorprocedures 5
procedures present

good procedures 1 1

5 5

f old plant < poor ergonomics
good ergonomics 1 1

3 3

-retrofit plant (poor ergonomics4. Ergonomics
good ergonomics 0.7 0.7

2 2

% new plant < poor ergonomics
good ergonomics 0.4 0.4

- unfit 25 25

5. Fimess for duty (% fit hI

poor crew dynamics 10 10

good crew dynamics ! I

Complexity. Experience / Procedures Ergonomics Fimess Crew
stress, and traming for dynamics
* ''I *d d"'Y

Task Portion
Processing Failure Probability

Processing: 10 E-2 x x x x x x =

+ .007 Response Failure Probability ;

Response: 10 E-3 x 2 x 1 x 5 x .7 x 1 x 1 =

Task Failure Probability
C-21 Without Formal Dependence



ASP HUMAN ERROR WORKSHEET (Page I cf 2) MUES-XHE-XA-LSFP

|

Scenario: Sequence Number:
Plant:_

Task Error Description: Operator Fails to Alian Makeup or ECCS Systems. late
Processing Response

i

:adequate time
high threat equate time 5

& stress xpansive time 2
1. Complexity, stress, :

and workload
inadequase ume = =

low threat adequate time 1 1

& stress xpansive time 1 1
. . . .

10 10

low experience < poor training
good training 1 @

2. Experience / training
5 5

high experience < poor training
good training 0.5 0.5

10 10

3. Procedures (procedures absent
i

poorprocedures 5 @;

procedures present
goodprocedures ! l

5 5

old plant < poor ergonomics
good ergonomics 1 1

3 @retrofit plant (poor ergonomics4. &gonomics
good ergonomics 0.7 0.7

1

poor ergonomics 2 2

good ergonomics 0.4 0.4

unfit 25 25
5. Fitness for duty hfit I

,

poor crew dynamics 10 10

6. Crew dynamics
good crew dynamics I h !

;

Complexiry. Experience / Procedures Ergonomics Fimes: Crew

stress. and training for dynamics

Task Portion I.rktad
duty

Processing Failure Probability
Processing: 10 E-2 x x x x x x __. =

+ .075 Response Failure ProbabilityResponse: 10 E.3 x 5 x 1 x S x 3 x 1 x 1 =

C-22 Task Failure Probability

Multiply by .14 for moderate dependency with Unit Two Recovery
- - - _ - _ - _ _ _ _ _ _ - _ _ _ _ _
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ASP HUMAN ERROR WORKSHEET (Page 1 of 2) SFP-XHE-XE-UC'

i

L I
,'

Plant: Scenario: Sequence Number:

| Task Error Description: Operator Fails to Restore SFP Cnnlinn e,vetem noc4cinn
i Processmg Response

,

puate time = =

high threat Auate time 5 5 |

A stress xpansive time 2 2 |
'

1. p stress,
.

made,uate ti,ne = =

Iow threat adequale time 1 1 i

& stress xpansivetime @ l |
,

:

|
F

10 10

low experience < poor training
good training @ l |

;

3. Experience / training '

5 5

high experience < poor training
good training 0.5 0.5

|

10 10

3. Procedures < procedures absentpoorprocedures 5 @
procedures present

good procedures 1 I
i
|

poor ergonomics 5 5

good ergonomics 1 1 ,

.|

i

3 3

retrofit plant (poor ergonomics )4. Ergonomics
good ergonomics 0.7 0.7

2 2 ,

new plant < poor ergonomics 1
good ergonomics 0.4 0.4

unfit 25 25
j

5. Fitness for duty 1h 1fit

poor crew dynamics 10 10

6. Crew dynam,csi
good crew dynamics h I

Completiry. Experience / Procedures Ergonomics Fimess Crew
stress, and training for dynamics

Task Portion grk)ad duty

x 1 x 5 x .7 x 1 x 1 = -n% Processing Failure Probability
Processing: 10 E-2 x 1

Response Failure ProbabilityResponse: 10 E 3 x x x x x x = +

Task Failure Probability j
C-23 Without Formal Dependence

. - . _. -_ _
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ASP HUMAN ERROR WORKSHEET (Page 1 cf 2) ,

SFP-XHE-XE-UR ,

t

Plant: Scenario: Sequence Number:

Task Error Description: Operator Fails to Restore SFP Coolina System Decision
,

Procenine Response

dequate time =
high threat equate time 5 5

& stress xpansive time 2 2
#

1. Complexity, stress,
and workload inadequate time = '

Iow threat adequate time 1 1

& stress xpansive time @ 1
-

--

poor training 10 10

low expen.ence
good training @ l

2. Experience / training

high experience
good training 0.5 0.5

:
i

,

10 10

3. Procedures < procedures absent
'

poorprocedures 5 h
procedures present

good procedures 1 1

poor ergonomics 5 5

good ergonomics 1 1

3 3

retrofit plant (poor ergonomics4. Ergonomics
good ergonomics h 0.7

poor ergonomics 2 2

good ergonomics 0.4 0.4

unfit 25 25

5. Fitness for duty

h 1fit

poor crew dynamics 10 10

6. Crew dynam,csi
good crew dynamics @ l

Complexity, Experience / Procedures Ergonomics Fimess Crew

stress, and training for dynamics

wwuond duty
. Task Portion

b
.035 Processing Failure Probability

1 x 5 x .7 x 1 x 1Processing: 10 E 2 x 1 x
=

Response Failure Probability
Response: 10 E-3 x x x x x x = +

Task Failure Probability
C-24 Without Formal Dependence

_ _ _ - _ _ - _ _ . - _ _ _ _ _ - - _ -



1 ,

:

;

ASP HUMAN ERROR WORKSHEET (Pcge 1 of 2)
I

SFP-XHE-XE-LP
'

1

Plant: Scenario: Sequence Number:

e nor4e4nnTask Error Description: Operator Fails to Restore SFP Conling svetom
| Processine Response

uate time = . =

high threat uate time JL 5
2

& stress xpansive time Q2 .

!1. Complexity,suess,
and workload i

inadequate time = =
-

Iow threat adequate time 1 1

& stress expansive time 1 1
. . . . ,

U

poor training 10 10

low experience
.

good training h 1

2. Experience / training 5 5

high experience < poor training -

good training 0.5 0.5

10 10

3. Procedures < procedures absentpoor procedures h 5

procedures present
good procedures ! l

5 5

old plant < poor ergonomics
,

j

good ergonomics 1 1 |

|
3 3

retrofit plant (poor ergonomics !

4. Ergonomics
good ergonomics 0.7 0.7 ;

2 2

new plant < poor ergonomics
good ergonomics 0.4 0,4

l

unfit 25 25

5. Fitness for duty hfit I

10 10

6. Crew dynamics < poor crew dynamics
good crew dynamics . h 1

Complexity, Experience / Procedures Ergonomics Fimess Crew
stress, and training for dynamics

' w a ll ad duty
Task Portion

.07 Processing Failure Probability |
Processing: 10 E-2 x 2 x 1 x 5 x .7 x 1 - x 1 =

!

Response Failure Probability
Response: 10 E-3 x x x x x x = +

Task Failure Probability
C-25 Without Formal Dependence



- - . . -. -

ASP HUMAN ERROR WORKSHEET (Page 1 cf 2) SFP-XHE-XE-LINVR

Plant: Scenario: Sequence Number:

Task Error Description: Operator Fails to Restore SFP Coolino System
Processing Resnonse

' dequate time = =

high threat quate time 5 5

& stress xpansive time 2 2

1. Complexity, stress,
and workload inadequate time = =

low threat adequate time 1 1

@& stress pensive time 1 ,

t

10 10

low experience < poor training hgood training I

2. Experience / training 5 5

high experience < poor training
good training 0.5 0.5

10 10

3. Procedures < procedures absentpoorprocedures 5 5

procedures present
goodprocedures 1 1

5 5 i

old plant < poor ergonomics
good ergonomics 1 1

3 3 |

retrofit plant (poor ergonomics |

4. Ergonomics
good ergonomics 0.7 0.7

2 2

new plant < poor ergonomics
good ergonomics 0.4 0.4

unfit 25 25

5. Fitness for duty hfit I

10 10

6. Crew dynamics < poor crew dynamicshgood crew dynamics I

1

Complexity. Experience / Procedures Ergonomics Fitness Crew
for dynandesstress. and training

Task Portion Y,.rki ad
duty |

i

Processing Failure Probability
'

Processing: .10 E 2 x x x x x x =

+ .0035 _ Response Failure Probability
Response: 10 E-3 x 1_ x 1 x 5 x .7 x 1 x 1 =

i

Task Failure Probability
C-26 Without Formal Dependence
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ASP HUMAN ERROR WORKSHEET (Page 1 cf 2) SFP-XHE-XE-LINVC

Plant: Scenario: Sequence Number:

Task Error Description: Operator Fails to Restore SFP Coolina System
Processmg Response

.

' dequate time =

high threat uate time 5

1. Complexity, stress,
and workload

inadequate time = =

low threat adequate time 1 1

& stress pansive time 1 1
. . . .

poor training 10 10

low expen,ence
good training @ 1

i

2. Experience / training 5 5

high experience < poor training
good training 0.5 0.5

10 10

3. Procedures < procedures absentpoor procedures @ 5

procedures present
good procedures ! 1 |

|

5 5

old plant < poor ergonomics
good ergonomics 1 1

3 3

retrofit plant (poor ergonomics
l

4. Ergonornics 0.7 |
good ergonomics @

|
2 2

new plant < poor ergonomics
good ergonomics 0.4 0.4

1

i
1

25 25
|

5. Fitness for duty (unfit
fit @ 1

poor crew dynamics 10 10

6. Crew dynam,csi
good crew dynamics h I

Complexity, Experience / Procedures Ergonomics Fitness Crew
;

stress, and training for dynamics
duty

Task Portion g rkload

.07 Processing Failure Probability.7 x 1 x 1. Processing: 10 E 2 x 2 1 x 5 x =x

Response Failure Probability
Response: 10 E-3 x x x x x x = +

Task Failure Probability
C-27 Without Formal Dependence i
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ASP HUMAN ERROR WORKSHEET (Pcge 1 cf 2) SFP-XHE-XE-PLR ~
.

t

Plant: Scenario: Sequence Number:

Task Error Description: Operator Fails to Restore SFP Coolina System
Processmg Response

' dequate time = =

high threat uate time 5 5

& stress xpansive time 2 2

;

and workload
inadequate time = =

low threat adequate time 1 1

& stress xpansive time I @ ,

10 10

low experience < poor training
@good training 1

2. Experience / training 5 5
,,

high experience < poor training
good training 0.5 0.5

10 10

3. Procedures < procedures absentpoorprocedures 5
procedures present

good procedures 1 1

5 5

old plant < poor ergonomics
good ergonomics 1 1

3 3

retrofit plant (poor ergonomics4. Ergonomics
good ergonomics 0.7 0.7

2 2 |

new plant < poor ergonomics ;

good ergonomics 0.4 0.4 |
l

25 25

5. Fimess for duty (unfit |

!hfit I

10 10

6. Cmw dynamics < poor crew dynamicshgood crew dynamics I

Complexity. Experience / Procedures Ergonomics Fimess Crew
stress, and training for dynamics

duty
Task Portion I. rkload

Processing Failure Probability
Processing: 10 E 2 x x x x x x =

1 x 1 + .0035 Response Failure Probability.7 xResponse: 10 E-3 x I 1 5 x =x x

C-28 Task Failure Probability
Without Formal Dependence
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ASP HUMAN ERROR WORKSHEET (Page 1 cf 2) SFP-XHE-XE-PLC

Plant: Scenario: Sequence Number:

Task Error Description: Operator Fails to Restore SFP Conlina Svetam
Processmr Esaunaa

dequatetime = ='

high threat uate time 5 5

& stress xpansive time @ 2

1. Complexity, stress,
and workload inadequate time = =

low threat adequate time ! 1

& stress xpansive time 1 1
,,

poor training 10 10

low experience
good training @ l

2. Experience / training ,,

5 5

high experience < poor trammg
good training 0.5 0.5

10 10

3. Procedures (procedures absentpoor procedures @ 5

procedures present
goodprocedures 1 1

5 5

old plant < poor ergonomics
good ergonomics 1 1

3 3

retrofitplant(poor ergonomics4. Ergonomics 0.7good ergonomics

2 2

new plant < poor ergonomics
good ergonomics 0.4 0.4

1

|25 25

5. Fimess for duty (unfith 1fit

poor crew dynamics 10 10

6. Crew dynanu,cs
!good crew dynamics

Complexity. Experience / Procedures &gonomics Fimes: Crew ,'

for dynamics |stress, and training
duty

.

Task Ponion T.orkload

.07 Processing Failure Probability |
Processing: 10 E-2 x 2 x 1 x si x_ _7 x 1 x 1 =

Response Failure Probability
Response: 10 E 3 x _x x x x x = +

,

C-29 Task Failure Probability
Without Formal Dependence i
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ASP HUMAN ERROR WORKSHEET (Page 1 of 2) RI-XHE-XM-RHR
-

Sequence Number:
Plant: Scenario:

,

Task Error Description: Operator Fails to Initiate RHR Mndo of SFP Coolino. pariv. uncomplicated ;
Pmeenine Response

quate time = =

high threat quate time 5 5
!

& stress xpansive time 2 @
1. Complexity, stress,

and workload
,

inadequate time = =

low threat adequate time ! 1

& stress xpansive time 1 1
. . . .

,

hpoor training 10

Iow experience
good training i 1i

2. Experience / training 5 5

high experience < poor training
good training 0.5 0.5

'

1

,

10 10

3. Procedures < procedures absent
5poorprocedures 5

procedures present,

1
,

goodprocedures 1 !

.

5 5

< poor ergonomics
good ergonomics 1 1

i-
3 3

retrofit plant (poor ergonomics h4. Ergonomics
good ergonomics 0.7

2 2

new plant < poor ergonomics
good ergonomics 0.4 0.4

25 25

5 Fitness for duty < unfit
fit 1 @

10 10

6. Crew dynamics < poor crew dynamicshgood crew dynamics I

Crew
Complexiry, Experience! Procedures Ergonomics Fitness

for dynamics
stress, and training ,

du'Y
Task Portion 8" 'kl "d i

Processing Failure Probability
Processing: 10 E-2 x x x' - t x x =

+ .07 Response Failure Probability,

Response: 10 E 3 x 2 10 _x. 5 x_ .7 x 1 x 1 =
x

Task Failure Probability
C-30 Without Formal Dependence



ASP HUMAN ERROR WORKSHEET (Page 1 of 2) R2-XHE-XM-RHR

Sequence Number:
Plant: - Scenario:

Task Error Description: Operator Fails to Initiate RHR Mode of SFP Coolino, early, uncomplicated
Proceuine Restonse

dequate time = =

high thstat quate time 5 5

& stress pansive time 2 @
1. Complexity, stress,

and workload inadequate time = =

low threat adequate time 1 1

& stress expansive ume 1 1
. ..

@poor training 10

low experience
good training 1 1

2. Experience / training

high experience
good training 0.5 0.5

10 10
poorprocedures 5 h3. Procedures < procedures absent

procedures present
1goodprocedures 1

poor ergonomics 5 5

good ergonomics 1 1
l
i

3 3

retrofit plant (poor ergonomics @
'
l

4. Ergonom.ics
good ergonomics 0.7

poor ergonemics 2 2

good ergonomics 0.4 0.4

25 25

5. Fimess for duty (unfit
fit 1 @ !

!

l

,

poor crew dynamics 10 10

good crew dynamics 1 C- 6. Crew dynamics

|

CrewComplexity. Experience / Procedures Ergonomics Fimess
for dynamics

stress, and training
duty

Task Portion y rkload -

Processing Failure Probability
Processing: 10 E-2 x x x x x x =

I

+ .07 Response Failure Probability
Response: 10 E 3 x 2 10 _x 5 x .7 x 1 x 1 =

x
Task Failure Probability

C-31 Without Fonnal Dependence



ASP HUMAN ERROR WORKSHEET (Page 1 of 2) SFP-XHE-ISO-LK

Sequence Number:
Plant: Scenario:

Task Error Description: Operator Fails to Isolate Leak nurinn pr4mmry i_nca
Prm ninn Response

dequate time a
high threat quate time 5

& stress xpansive time 2

1. Complexity, stress,
and woridoad inadequate time = =

low threat adequate time 1 1

& stress xpansive time 1 1
,

poor training 10 10

low experience
good training 1 @

' 2. Experience / training 5 5

high experience < poor training
good training 0.5 0.5

10 10

3. Procedures (procedures absent
5poorprocedures 5

procedures present 1goodprocedures 1
4

5 5

old plant < poor ergonomics
good ergonomics 1 1

3 @
retrofit plant (poor ergonomics4. Ergonomics

good ergonomics 0.7 0.7

2 2

new plant (poor ergonomics
good ergonomics 0.4 OA

25 25

5. Fimess for duty (unfit
fit I @

10 10 |

6. Cmw dynamics (poor crew dynamicsa
good crew dynamics 1 U/

Crew ,

Complexity, Experience / Procedures Ergonomics Fitness 1

for dynamics
|stress, and training

Task Portion 8" rkload
duty

1

Processing Failure Probability ;

Processing: 10 E 2 x x x x x x =

.045 Response Failure Probability
3 x 1 - x_ 1 = +

Response: 10 E 3 x 5 -' 1 1 x_x x
Task Failure Probability |

C-32 Without Formal Dependence t
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MISLSPHNASP HUMAN ERROR WORKSHEET (Page 1 cf 2)
MISLSPCE ,

Plant: Scenario: Sequence Number:

Task Error Description: Operator Fails to Isolate SFP Boundary leak Eariv- critical. refueling
Processmg Respow pipe Ieak

dequate time =' =

high threat le time 5

& stress xpansive time @
1. Complexity, stress,

and workload
inadequate time = =

low threat adequate time 1 1

& stress pansive time 1 1
,

10 10

low experience < poor training
good training h h

2. Experience /traming ,,

5 5poor trammg
high experience

' good training 0.5 0.5

10 10

3. Procedures (procedures absentpoor proceduresh h
procedures present

goodprocedures i 1

5 5

old plant < poor ergonomics
good ergonomics 1 1

3 3

retrofit plant (poor ergonomics4. Ergonomics
good ergonomics h h
poor ergonomics 2 2

good ergonomics 0.4 0.4
.

unfit 25 25
5. Fimess for duty

fit 1 h

poor crew dynamics 10 10

6. Crew dynam,csi
good crew dynamics 1 @

Complexity. Experience / Procedures Ergonomics Fitness Crew
stress, and training for dynamics

Task Portion w,rkt ad duty
'

1 .07 Processing Failure Probability1 xProcessing: 10 E-2 x 2 1 5 .7 x =x x x

+ .007 Response Failure ProbabilityResponse: 10 E-3 x 2 1 5 .7 1 x 1x x x x =

.08 Task Failure ProbabilityC-33
-

Without Formal Dependence
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- ASP HUMAN ERROR WORKSHEET (Page 1 cf 2) MISLLGE

Plant: - Scenario: Sequence Number:

Task Error Description: Operator Fails to Isolate SFP Boundary leak Early. larae seal leak
Processmg Response

' dequate time =
high threat uate time 5 Q)
& stress pansive time 2 2

1. gi stress,

inadequaie dme -
Iow threat adequaic time 1 1

& stress xpansive time 1 1
. ..

hpoor training 10

low experience
good training 1 1

2. Experience / training
poor training 5 5 ,.

high expen.ence
good training 0.5 0.5

10' 10

3. Procedures < procedures absentpoorprocedures 5 @
- procedures present

goodprocedures 1 1

poor ergonomics 5 5

good ergonomics 1 1

3 3

retrofit plant (poor ergonomics h4. Ergonom.es
good ergonomics 0.7

poor ergonomics 2 2

good ergonomics 0.4 0.4

25 25

5. Fimess for duty < unfit
fit I @

poor crew dynamics 10 10

6. Cn:w dyname.s
good crew dynamics 1 @

Complexity, Experience / Procedures Ergonomics Fimess Crew

stress, and training for dynamics
duty

Task Portion *;wkload

Processing Failure Probability
Processing: 10 E 2 x x x x x x =

+ _1R Response Failure Probability
Response: 10 E-3 x - 5 x '10 'x 5 x .7 x __ 1 x_ 1 =

C-34
Task Failure Probability

Witivaut Formal Dependenec



ASP HUMAN ERROR WORKSHEET (Page 1 cf 2) MISLLGL

Plant: Scenario: Sequence Number:

Task Error Description: Operator Fails to Isolate SFP Boundary leak late. larae leak
Procenine Response

dequate time =
' =

high threat te time 5 @
& stress xpansive time 2 2

1. Complexity, stress,
and workload

inadequate time = =

low threat adequate time 1 1

& stress xpansive time 1 1
. . . .

hpoor training 10

low experience
good training 1 1

2. Experience / training
5 5

high experience < poor training
good training 0.5 0.5

10 10

3. Procedures (procedures absentpoorprocedures 5 @
procedures present

good procedures ! l

5 5

old plant < poor ergonomics
good ergonomics ! I

3 @
retrofit plant (poor ergonomics4. Ergonomics

good ergonomics 0.7 0.7

2 2

new plant < poor ergonomics
good ergonomics 0.4 0.4

.

unfit 25 25
5. Fimess for duty hfit I

10 10

6. Crew dynamics < poor crew dynamics;

@good crew dynamics 1

4

Complexity Experience / Procedures Ergonomics Fimess Crew

mess. and training for dynamics

Task Portion y rkload duty

Processing Failure Probability
Processing: 10 E-2 x x x x x .x =

Response: 10 E-3 x 5 x- 10 x 5 x 1 x 1 x 1 = + ,g Response Failure Probability

C-35
Task Failure Probability

Without Formal Dependence
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ASP H'UMAN ERROR WORKSHEET (Pr.ge 1 cf 2) SFP-XHE-MANIS0-E

Plant: Scenario: Sequence Number:

Task Error Description: Operator Fails to Isolate SFP Boundary Leak Eariv. small seal leak
Processing Respnse c

,

adequate time a a

high threat uate time 5 5

& stress xpansive time 2 @
1. Cgigtress,

inadequate time a a

low threat adequate time ! - 1

& stress xpansive time 1 1
,,

10 10

low experience < poor training
@good training I

2. Experience / training 5 5

high experience < poor training
good training 0.5 0.5

10 10

3. Procedures < procedures absent
i

poorprocedures 5 5

procedures present
goodprocedures 1 1

5 5

old plant < poor ergonomics
good ergonomics 1 I

3 3

4.' Ergonomics retrofit plant (poor ergonomics
good ergonomics 0.7'

2 2

new plant < poor ergonomics
good ergonomics 0.4 0.4

unfit 25 25

5. Fitness for duty
fit 1 @

.

10 10

6. Crew dynamics < poor crew dynamics@good crew dynamics I

I
Complexity, Experience / Procedures Ergonomics Fimess Crcw

stress. and training for dynamics ,

duty
Task Portion % rkload

Processing Failure Probability
Processing:-10E 2 x x x x x x =

= +.nn7 Response Failure Probability
Response: 10 E-3 x ' 2 x 1 x 5 x .7 x 1 x 1

C-36 Task Failure Probability
Without Formal Dependence

i
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ASP HUMAN ERROR WORKSHEET (Page 1 of 2) SFP-XHE-MANIS0-L

Plant: Scenario: Sequence Number:

Task Error Description: Operator Fails to Isolate SFP Boundary Leak Late amall leak
Emccasing Response

~ dequate time
high threat uate time 5

& stress xpansive time 2
1. Complexity, stress,

and workload
inadequate time

Iow threat adequate time 1 1

& stress xpansive time 1 1
. . . .

poor training 10 10

low expen.ence h
2. Experience /iraining poor training 5 5

high expen,ence
good training 0.5 0.5

10 10

3. Procedures < procedures absentpoorprocedures 5
procedures present

goodprocedures 1 1

poor ergonomics 5 5

,
good ergonomics 1 1

h3

retrofit plant (poor ergonomics4. &gonom.ics
good ergonomics 0.7 0.7

poor ergonomics 2 2

good ergonomics 0.4 0.4

25 25

5. Fitness for duty < unfit hfit I

.

poor crew dynamics 10 10

h6. Crew dynamics
good crew dynamics I

Complexity, Experience / Procedures Ergonomics Fimess Crew

stess, and training for dynamics
duty

T. rkloadoTask Portion
Processing Failure Probability

Processing: 10 E-2 x - x x x .x x =

Response: 10 E 3 x 5 x 1 x_ S x_3 x 1 x 1 = + nn Response Failure Probability

Task Failure Probability
C-37 Without Formal Dependence
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ASP HUMAN ERROR WORKSHEET (Page 1 of 2) SFP-XHE-XA-ECCS .

;

t

Sequence Number:
Plant: Scenario: >

Task Error Description: Operator Fails to Alian ECCS Svstame *

Processmg Response
!

|
=

.

quate time =*
'

high threat uate time 5 5
3 :
i & stress xpansive time 2 @ t
'

jI. Complexity, stress,'

!and workload madequate time a i
=

low threat adequate time -1 1

& stress xpansive time 1 1
., . . . .

poor training 10 10
,

low expen,ence
good training i @

5 5 |2. Experience / training

high experience < poor training
i good training 0.5 0.5

t

,

10 10

'

3. Procedures (procedures absent
'

poorprocedures 5 5

goodprocedures I hprocedures present,

poor ergonomics 5 5

good ergonomics ! I
# '

3 3

retrofit plant (poor ergonomics4. Ergonomics
good ergonomics 0.7 0.7

poor ergonomics 2 2
'

new plant
good ergonomics 0.4 0.4

unfit 25 25

5. Fitness for duty
fit 1 @

poor crew dynamics 10 10
:

6. Crew dynam,csi
good crew dynamics ! @

CrewComplexity, Experienec/ Procedures Ergonomics Fimess
for dynamicsstress, and training

duty
Task Portion . % rkload

Processing Failure Probability
Processing: 10 E 2 x _x x x x_ x =

+.001 Response Failure Probability.7 x 1 x 1
Response: 10 E-3 x 2 1 I x_

=
x x

Task Failure Probability
C-38 Without Formal Dependence
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ASP HUM'AN ER'ROR WORKSHEET (Page 1 of 2).

SFP1-XHE-XM-SFP
SFP2-XHE-XM-SFP

!
Sequence Number: ;

Plant: Scenario:
>

Task Error Description: > |
Processmg Response

i
=

Aauate timequate time ='9 5 5
high threat
& stress xpansive time 2 @

1. Complexity, stress,
t

and woridoad inadequate time =
= '

low threat adequase time 1 1

& stress xpansive nme 1 1 ,

!

!
i

10 10 ;

low experience < poor training
;

|

good training 1 t

,,

5 5
,

2. Experience / training

high experience < poor triunmg
!

good training 0.5 0.5
.

i

|
|
'

procedures absent 10 10
poorprocedures 5 @

3. Procedure
pmcedures present lgoodprocedures !

5 5

old plant < poor ergonomics
good ergonomics 1 1

3 3

retrofit plant (poor ergonomics
4. Ergonomics' good ergonomics 0.7

2 2

new plant < poor ergonomics
good ergonomics 0.4 0.4

unfit 25 25

5. Fimess for duty @fit 1

!
;

poor crew dynamics 10 10

6. Crew dynam,ics Cgood crew dynamics 1

:

Crew )
Complexity. Experience / Procedures Ergonomics Fimess dynamics '

for
stress, and training

dutyw rkload
- Task Portion:

Processing Failure Probability=

Processing: 10E-2 x x x- .- x x x_'

.007 Response Failure Probability
2 1 5 .7 x _1 1 -- +x_x

Task Failure Probability !Response: 10E3x _x x

C-39- Without Formal Dependence

i
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ASP HUMAN ERROR WORKSHEET (Page I cf 2) SFP1-XHE-XM-LSFP
SFP2-XHE-XM-LSFP

Plant: ' Scenario: Sequence Number:

: Task Error Description: Operator Fails to initiate SFP Coolina after Iato Reenvery
haceasmg Response

uste time a'

high threat uale time 5

& stress xpansive time 2 2

1.
.

stress,

inadequate time a
Iow threat adequale time '1 1

& stress pansive time 1 1

. . . .

10 10-

low experience < poor training @good training I

2. Experience / training
poor training 5 5

high experience
good training 0.5 0.5

10 10

3. Procedures < procedures absentpoorprocedures 5 @
procedures present

good procedures 1 1

poor ergonomics 5 5

good ergonomics 1 1

3 @
retrofit plant (poor ergonomics4 Ergonom,ics

good ergonomics 0.7 0.7

poor ergonomics 2 2

good ergonomics 0.4 0.4

unfit 25 25

5. Fitness for duty
fit I @

poor crew dynamics 10 10

6. Crew dynam,cs
good crew dynamics 1 @i

Complexity, Experience / Procedures Ergonomics Fimess Crew

stress. and training for dynamics

w rkload duty
Tad Ponion

.,.

Processing Failure Probability
Processing: 10E-2 x x x x x x =

+ .075 Response Failure ProbabilityResponse: 10 E 3 x 5 x- 1 x 5- x 3 x 1 x 1 =

Tad Failure ProbabilityV

C-40 Without Formal Dependence
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'
APPENDIX D - KEY ASSUMPTIONS

D.1 General Assumptions

. 1) For those inidating events which affect mom than the SFPC system (i.e., LOOP, seismic,
PLOCA), if the plant mcovery/ stabilization is complicated, either there will be no early
attempts to mcover SFPC or such attempts will be ineffective. This assumes that the
effective focus of the operators will be on safeguarding the core.

2) If there is no early attempt to restore cooling to the spent fuel pool, the RHR supplemental
cooling assist mode cannot be used. This is based on the length of time necessary to
initiate this cooling method (the pool will have almady reached near boiling conditions in a .

late cooling mstoration attempt), and the possibility of a harsh environment inhibiting any
local actions.>

.

3) If the operators' carly attempts to restore cooling using the SFPC system fails, no late
;

restoration of SFPC is modeled. This treats the possibility that the ceason for the early>

failum still applies to later attempts.

! 4) During normal operation, two of the three SFPC pumps and two heat exchangers am
operating.

5) If the pool cross-connect is open in a dual unit plant, the previously operating configuration.

of either units' SFPC system is adequate to prevent boiling in both units. For example, if
Unit I loses SFPC with the pool cross-connect open, whatever combination of Unit 2
pump (s) that mmained mnning will be adequate to prevent boiling in the Unit 1 pool. This
assumption applies to Cases 1 and 2.

,

'

6) Once the spent fuel pool reaches near boiling conditions, the pool can not be cross-
connected. This based on the possibility of a harsh environment prohibiting the action.

7) Top event ALT-C (alternate cooling) represents boiling / makeup cooling. In this case spent
fuel is not assumed to be vulnerable but safety system (s) could be vulnerable.

8) A single pump RHR train in SFP cooling assist mode can provide cooling to both units if
the pool cross-connect is open (in a dual unit plant).

10) If the pool cmss-connect is closed, operators would first attempt to establish the cross
connection prior to aligning RHR in the spent fuel pool cooling assist mode.

I1) No cooling water systems can be cross-connected between the two units via piping
connections, except Service Water. The only cross-connect of cooling systems is through
the SFP cross-connect.

>

D-1
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;

12) If restoration of cooling to the SFP is late (i.e., the pool is near boiling or already boiling),
it is possible that reactor safety systems may be affected by the steam before cooling is;
restored.

.

13) Once mactor safety systems are affected by the effects of a boiling spent fuel pool, no
chance of system restoration exists unless the steaming effects am first mitigated. This
does not necessarily have to involve cooling the pool; redimetion or venting of the steam
from the mactor building is also possible. ;

14) In the case of mactor scram concunent with loss of the SFPC system, the RHR train is
modeled to be available for SFP cooling only if the operator establishes alternate shutdown
cooling mode using a com spray injection system. No RHR train can be aligned in the
spent fuel pool cooling assist mode if it is being used in the normal shutdown cooling
mode..

15) Since there are several direct and indirect alarma and indications when boiling initiates, the ;

unavailability of these alarms and indicators is not modeled.
,

'

16) The probability of direct core damage (i.e., core damage not caused by spent fuel pool
steaming or flooding)is assumed to be negligible in the case of an uncomplicated recovery.

17) The SFPC system is powered from a non-safety bus. It will automatically trip on LOOP or;

on an engineered safeguards featum (ESF) actuation signal.
,

D.2 Loss of SFPC (LOSFP) Modeling Assumptions
,

I 1) The loss of the SFPC system does not cause a plant transient or mactor scram.

2) For Cases 1 and 2, one RHR train (two pumps) is assumed to be unavailable for use in
.

spent fuel pool cooling.
4

D.3 Loss of Offsite Power (LOOP) Modeling Assumptions

1) De pool emss-connect cannot be opened without offsite power. (The overhead crane
necessary for gate removal is powered from non-diesel backed buses.)'

i

'

2) Two-unit plants can cross-connect vital power sources and share emergency diesel
generator (EDG) power.

t

3) Unless all EDGs am available or offsite power is recovered withiu 4 hours, neither unit's
RHR system is modeled on the basis that recovery would be complicated.

4) Availability of only a panial set of EDGs causes operator distraction and will inhibit early
restoration of SFPC.

'

.
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5) SFPC systems which are powered from non-diesel backed buses cannot be powered
without offsite power. In other words, credit is not taken for any ability to cross-tie vital
and non-vital buses.

6) Loss of all EDGs (SBO) followed by an early recovery of offsite power is assumed to be a
complicated recovery.

7) Early recovery of power is assumed to mean recovery of power within 4 hrs. After that, if
all EDGs fail, the core cannot be cooled (DC power will last only for 4 hours).

8) Late recovery of power is assumed to mean recovery of power within 20 hrs. After that,
the pool coolant will be near boiling in many cases.

'

D.4 Loss of Coolant Accident in Primary System (PLOCA) Modeling
Assumptions

1) Upon a PLOCA, the SFPC system pumps trip on ESF actuation.

2) RHR is not available for spent fuel pool cooling assist mode for Case 1. This assumes that
both trains of RHR are needed to cool the primary system.

,

3) The transfer gate between the mactor cavity and the spent fuel pool is always assumed to be
open during refueling.

4) While in refueling mode, the operator must isolate the bmak and must establish the level
using the ECCS prior to restoring spent fuel pool cooling.,

5) In Cases 2 and 3, the transfer gate cannot be put back in place once a PLOCA event has
been initiated.

,

6) While in Case 1, the operator will establish cooling on the primary side befom mstoring the
spent fuel pool cooling.

7) Failum to isolate the break is assumed to msult in a boiloff. Makeup systems are assumed j

not to be able to keep up with the loss from the break.

D.5 Loss of Spent Fuel Pool Inventory Modeling Assumptions

1) Two leak sites am modeled: the SFPC system (e.g., pipe bmak) and the spent fuel pool
boundary. {

2) Only leaks in the SFPC system with flow rates greater than the normal makeup rate am
analyzed.

3) If a siphon bmaker fails to isolate a leak in the SFPC system, the operator must isolate the
break manually, otherwise leakage is assumed to continue until the level in the spent fuel
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pool drops below the end of the inlet piping and automatic siphon breaking (" isolation")
occurs.

4) Failure to isolate a spent fuel pool boundary leak is assumed to result eventually in pool
boiling (the leak rate gmatly exceeds the makeup rate). Also, the boiloff timing is not
affected by the makeup rate.

If the operator fails to respond relatively early to a spent fuel pool boundary leak, late5) .
recovery is not possible.

6) Early isolation of a leak is assumed to lead to a non-consequential flooding event.

D.6 Seismic Event Modeling Assumptions ,

1) Thme levels of peak ground acceleration am considered. These ranges are as follows:

PGA < 0.2g
*

0.2g 5 PGA s 0.6g
PGA > 0.6g

i

Earthquakes with PGA < 0.lg am assumed to result in a mcoverable loss of offsite power
and negligible component / structural damage. In this study, their effects am assumed to be
included in the LOOP analysis. Earthquakes with PGA > 0.6g are assumed to cause failure !

of the spent fuel pool structure. (The high confidence oflow probability of failum capacity
- HCLPF - for spent fuel pool structural damage was estimated to be 0.5g for a
mpresentative BWR and 0.65g for a representative PWR [2,19].) !

!

2) If the spent fuel pool structure is damaged by an earthquake (i.e., PGA > 0.6g), pool
boiloff(of the remaining inventory)is assumed.

|

|
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